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Riassunto

Sono stati condotti esperimenti di laboratorio, iseampo e campo (serra) volti a
individuare strategie di lotta biologica ed intdgrada applicare contrérankliniella
occidentalis E’ stata studiata la distribuzione spazio-temjgod&i principali tripidi fitofagi
delle serre e dei potenziali antagonisti in alcseee caratterizzate da un diverso livello di
aperture laterali e in un roseto a cielo aperto.pbpolazioni diF. occidentalissi sono
aggregate all’interno delle serre, quelleTdbaci tabacisia all'interno sia all’esterno delle
serre. | tripidi predatori appartenenti al gen&eslothrips sono risultati anch’essi aggregati
fuori e dentro le serre mentre gli antocoridi delngre Orius, sono stati riscontrati
soprattutto ai margini delle serre e nel rosetoigdocaperto. Sono state riscontrate
associazioni tra le distribuzioni spaziali dei iglipfitofagi e dei loro antagonisti naturali
suggerendo un potenziale ruolo di questi ultimiligtegtori di regolazione. La seconda
ricerca sperimentale & stata intrapresa con locsdbglimostrare che il grado di apertura
delle serre verso l'ambiente esterno non implica raaggiore incremento delle
problematiche correlate ai tripidi su colture oresuali. La colonizzazione dF.
occidentalisé risultata favorita dai collegamenti interni (g@rre e serre o spazi logistici)
mentre quella diT. tabacinon e stata influenzata dalle aperture laterdledserre. Al
contrario, le aperture laterali sono apparse pramuigla colonizzazione degli antocoridi. |l
terzo studio & stato condotto con l'obbiettivo diutare limpatto di alcuni agenti di
controllo biologico suF. occidentalis Gli acari predatori rilasciati sulla chioma hanno
fornito un efficace controllo del fitofago, mentrenematodi e gli acari predatori hanno
ridotto le densita del fitofago nel suolo. Nel doaesperimento, I'effetto di un ceppo
fungino diBeauveria bassianauF. occidentalisha raggiunto i livelli piu elevati quando

I'esposizione topica € stata combinata con queBauale.
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Summary

Laboratory, semi-field and field experiments weoaducted with the aim of identifying
biological and integrated control strategies tapplied againsErankliniella occidentalis
We studied the spatial and temporal distributiothefmain thrips pests in greenhouses and
potential antagonists in some greenhouses chawatdeby a different level of lateral
openings and a rose garden in the open. The pamsatfF. occidentalisvere aggregated
in greenhouses, those dhrips tabaciboth inside and outside of greenhouses. The thrips
predators belonging to the gendisolothripswere also aggregated outside and inside the
greenhouses whereas anthocorid of the géruss, were found mainly at the edge of the
rose garden, greenhouses and in the open air. idisos were found between the spatial
distributions of thrips pests and their natural rem@s, suggesting a potential role of the
latter as regulatory factors. The second experinveed planned to show that opening
greenhouse structures are not automatically reledesh increase in thrips problems on
ornamental crops-. occidentalisseemed to penetrate from the interior of the drease
complex and was advantaged by -cultivation practieesl the connection among
greenhouses. Unlikd,. tabacj did not appear to be influenced by lateral opgsinor the
position in the greenhouse. Lateral openings prethdhe colonization byOrius spp.
Contrary, the lateral openings appeared to prorttedecolonization of anthocorids. The
third experimental study has been undertaken wighaim of evaluating the impact of some
biological control agents (BCAs) dfrankliniella occidentalisoopulation. Predatory mites
released at canopy level have provided an effectomtrol of thrips, whereas
entomoparasitic nematodes and predatory mites temteeed the pest density at soil level.
In the fourth experiment, the effect of a fungalast of Beauveria bassianan F.

occidentalisreached the highest levels when residual anddbpigposures were combined.
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Economic importance of thrips

Among 5500 well-described thrips species (Lewi®7)9only 1% are considered to be
serious crop pests (Morse and Hoddle, 2006). Sgueies are key pests of open field-
growing vegetables, others infest protected crgpgdally economically important plants
(Tommasini and Maini, 1995). Currently, the mostportant threating thrips species
around the world ar€rankliniella occidentalis Thrips tabaci T. palmiand Scirtothrips
dorsalis(Mound, 2002; Morse and Hoddle, 2006).

The pest status, referred to their economic impedarelies mainly to their ability to
cause serious damage to crops and, as a consegheavy yield losses (Schoonhoven
and Pena, 1989; Shipp &t, 2000). In addition, some thrips are efficienttees of some
serious plant-destroying Tospoviruses disease lf€¢rgen etl., 1995; Ulman eal., 1997;
Reley etal., 2011).

The international trade of food-producing plantsve$l as ornamentals has contributed
strongly to increase the geographical distributtdrmany exotic thrips pests (Kirk and
Terry, 2003; Morse and Hoddle, 2006), leading woittk growers to use insecticides. In
turn, large use of insecticides has led to the ldpweent of resistant strains, especially
under greenhouse conditions; in addition thripsehawshort development contributing to
increase resistance spread (Reitz, 2009). Thikdscase of. occidentalis which has
proved to be resistant to a wide range of insa#gi(Immaraju el., 1992; Jensen, 2000;
Bielza etal., 2007). Thrips can cause serious damage to atdtlvcrops and huge yield
losses, especially in the greenhouse where toleremcrop damage is extremely low (van
Lenteren, 2000).

The insecticide pressure selects species thattrésube pesticide-resistant, and
negatively affect other herbivore thrips and ndtereemies (Tabashnick, 1989; Howarth,
1991). Moreover, the greenhouse environment praviglecellent opportunities for the
survival and development of a pest, even duringl gariods (van Lenteren, 2000); for
thrips pests that do not undergo into reprodudiepause, such & occidentalis feeding
damage can be observed in all time of the year (Ceateren, 2000).

Until 1980, T. tabaciwas the most important thrips pest in many greasés and field
crops, vegetables, ornamentals, fruit trees andisv€Eommasini and Maini, 1995). Later,

F. occidentalishas quickly replaced the former species, becorfiaglominant species.
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Greenhouse thripsattributes

Phytophagous thrips are among the most importagcinpests of protected crops all
over the world (Bakker and Sabelis, 1989; Gillesii@89; Robb, 1989; Tommasini and
Maini, 1995; Childer and Achor, 1995). The main sfiens related to thrips infesting
greenhouse crops concern their life-style strategygrphology, biology, ecology,
insecticide resistance and their ability to trarishoispoviruses (Trichilo and Leigh, 1988;
Immaraju etal., 1992; Tommasini and Maini, 1995; Ulmanadt, 1997; Jensen, 2000;
Broadbent etal., 2003; Kirk and Terry, 2003; Mound, 2005; Rei2p09; Steiner eal.,
2011).

They are able to damage host plants leading tarfoleformation, discolouration and
flower abortion largely due to injection of salifdommasini and Maini, 1995). Even
though most thrips are oligophagous (Mound, 200%r9d and Hoddle, 2006), thrips
infesting greenhouse cultivations can exhibit aimezre degree of polyphagy (Reitz, 2009)
Polyphagous thrips species are more likely to bst gpecies than monophagous or
oligophagous species (Lewis, 1997; Marullo, 200Maritz et al., 2004; Mound, 2005).
Both F. occidentalisandT. tabaciare highly polyphagous thrips species.

Thrips are small and tiny insects and habitualgdféen hidden environments, such as
crevices, developing flowers, etc. Especially féowier-dwelling thrips, such a§.
occidentalis F. intonsaand other species, their attraction to flowerspalnopened ones,
may often result in the reduction of contact witkacticide sprays (Reitz, 2009) Moreover,
behavioural resistance (comprising thigmotactic,grttotropic and thigmokinetic
behaviours) exhibited by thrips species can easdgpromise the chemical control
success (Reitz, 2009; Bielza, 2008; Cloyd, 2009)addition, the cryptic nature of soil-
dwelling pupae can exacerbate the insecticideteggis (Broadbent et al., 2003; Berndt et
al., 2004).

Generally, indigenous thrips that colonize greemskesuare easily controlled by
insecticides (Costello and Elliott, 1981; Annon8I9Lewis, 1997), even if the resistance
of T. tabacito insecticide has been reported (e.g. van Lemtanel Woets, 1988; Shipp et
al.,, 1991; Shelton et al.,, 2003; Herron at, 2008). Invasive species, especially
occidentalis have developed strains highly resistant to inciéets (Immaraju et al., 1992;

Jensen, 2000, Bielza et al., 2007). Insecticidstate mechanisms include glutathione-S-
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transferase, P450-monoxygenase and esterases nJ&®0; Espinosa edl., 2005;
Bielza, 2008). The insecticide resistance is resjda for the increase of economic costs
associated to thrips control (Kirk, 2002; Lewis9T%

F. occidentalisand T. tabaci are known to transmit tospoviruses in a persistent
propagative manner (Ullman &t 1997). Only larval instars can acquire the vimsereas
only adults can transmit the virus after a latesriqul (Wijkamp etal., 1996, Ullman eal.,
1997, Whitfield etal., 2005; Persley edl., 2006).F. occidentalisis a vector of TSWV,
TCV, INSV, GRV, CSNV (Wijkamp eal. 1995; Sakurai el. 2004; Whitfield etal. 2005;
Nagata etal. 2004; Riley, 2011)T. tabacican be a vector of INSV, TSWV and TYFRV
(Cortes etal. 1998, Hsu efal. 2010; Wijkamp etal. 1995; Golnaraghi eal. 2007).
Tospovirus infection is known to induce a suitespimptoms on its host plants including
leaf speckling, mottling, chlorotic, and necrotasions of various shapes, sunken spots,

etches, ring spots, stunting, yellowing, and wgt{(Riley et al., 2011).

Main greenhouse thrips pests

Modern greenhouses are subjected to invasion bgendus thrips in most countries, and
in temperate climates they are also highly suskkptio the introduction of alien pest
species (Morison, 1957; Vierbergen, 1995). Indigenthrips, includingThrips tabacj
Heliothrips haemorrhoidalisDichromothripsspp.,Pathenothrips drecanaélercinothrips
spp, are successfully controlled by pesticides. Mieently some exotic thrips species
have been reported in greenhousesFrankliniella occidentalisHercinothrips femoralis
Thrips fuscipenms, Thrips palmj Scirtothrips dorsalisand most of them are damaging
pests (Jacobson 1997).

Frankliniella occidentalis

F. occidentalids a nearctic species (e.g., Alaska, Californiaxio) (Bryan and Smith,
1956; Stannard, 1968). Since 1960s it has spreeartds eastern countries of USA and in
various continents (Broadbendadt, 1987).F. occidentalishas been detected for the first
time in Europe in 1983 in North-European greenhousemportedSaintaulia ionantha
plants (van de Vrie, 1987; Tommasini and Maini, 399n ltaly, F. occidentalishas been

originally discovered in nursery-growBaintpaulia in Liguria (Arzone etal., 1989;
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Tommasini and Maini, 1995). Then, it spread irredions of Italy.

F. occidentalisis a bisexual species. Males are usually smalidrpaler than females
(Kirk, 2002). Diploid females originated from fdizied eggs whereas haploid males
originated from unfertilized eggs (Higgins, 1992urkm and Moritz, 2010). The post-
embryonic development involves two active feediagyadl stages (first instar larvae and
second instar larvae), two non-feeding pupal stggespupae and pupae) and mature
adults (Tommasini and Maini, 1995). Pupae repreffentcryptic stages of this species,
being soil-dwelling (Berndt, 2004; Ebssaatt, 2006). Pupation normally occurs in the
soil, but in some plants they can undergo to nmthe open flowers (Fransen and Tolsma,
1992; Jacobson, 1997; Broadbent att, 2003) depending on floral architecture and
environmental conditiondB(itenhuis and Shipp, 2008; Steiner et al., J0EfQgs are laid
into the plant tissues (petals, fruit, leaf) (Tonsinaand Maini, 1995). Feeding involve
hidden parts of flowers and the underside of ledBesdsgaard, 1994; Cloyd, 2009; Reitz,
2009).

F. occidentalis prefer flowers where both females and males caud fen pollen
(Trichilo and Leigh, 1988), which can stimulate dadity (Hulshof and Vanninen, 2002;
Hulshof etal., 2003).F. occidentalisis also able to prey upon spider mites' eggs Kilac
and Leigh, 1986; Pickett ell., 1988), being a facultative predator (Wilsonakt1996;
Mound 2005).

In the Mediterranean regions is usually found ireegphouses, where continuous

generations take place during year-round (BroadaddgE@89a; Parrella and Murphy).

Thripstabaci

T. tabaciis a cosmopolitan and highly polyphagous thripscegs, native to the eastern
Mediterranean basin (Mound, 1983; Atakaralet 2005).T. tabacireproduces by constant
thelitokous parthenogenesis (Tommasini and Main§95). Developmental cycle
comprises two immature larvae, two non-feeding itures (prepupae and pupae) and
adults. Females lay their eggs into plant tissiBakimura, 1932; Trdan etl., 2005a).
Pupation occurs in the soil or humus around thé-plasit (Tommasini and Maini, 1995).
It usually attacks plants belonging to Liliaceamng of economic importance (onion, leek,

etc.) (Doederlein and Sites, 1993), but can indéstut 300 plant species including several
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ornamentals (Tommasini and Maini, 1995).

Integrated Thrips M anagement

The monitoring of thrips population is critical feuccessful pest management. The use
of yellow and blue sticky traps is a basic methodntonitor thrips population in the
greenhouse environment, to identify the thrips imed, and to determine the critical
location at risk (Brodsgaard, 1993; Kirk, 1984; Mam and Gillespie, 1995; Shipp and
Zariffa, 1991; Poncet et al., 2010).

Sanitation can implement pest management prograool§3on, 1997). Flower removal
can significantly reduce thrips populations. Cudtuicontrol measures also include
maintaining a healthy crop and an optimal greenb@mwironment that would provide less
favourable conditions for a rapid increase in papah densitiesUse of thrips resistant
cultivars is an important step within cultural meas (Mollema et al., 1993; Jacobson,
1997).

Concerning physical control, the insect exclusioresning restricts the movement into
the greenhouse of many common greenhouse crop ipektding thrips (Berlinger et al.,
1991, 1993; Jacobson, 1997).

Chemical control is based on the use of insecticidéh low persistence (Jacobson,
1997). Great attention is given to insecticides #na highly selective and harmless to non-
target arthropods such as natural enemies (Jacold®®7). The rotation of different
insecticide classes is crucial to reduce resistais&s (Lewis, 1997; Bielza, 2008; Cloyd,
2009).

Biological control is a key pillar in the integrdteontrol of thrips (van Lenteren and
Woets, 1988; Riudavets, 1995; Lewis, 1997; Cloy@D9). It relies to the use of well-
known beneficial arthropods (predators, entomopgths, entomoparasitic organisms).
Some important organisms used in the biologicaltrobrof thrips in greenhouses are
predatory mites such d$eoseiulus cucumeri®dmblyseius swirskiiHypoaspis milesH.
aculeifer predatory bugs such a®rius laevigatus O. insidiosus O. majusculus
pathogenic fungi such a®eauveria bassianalecanicillium lecanij Metarhizium
anisopliae and the nematod&teinernema feltiadvan de Veire and Degheeel, 1992;
Chambers eal., 1993; Vestergaard at., 1995; Jacobson at., 2001; Berndt eal., 2004;
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Messelink et al., 2006; Ansari ak, 2008; Tavella eal., 2008; Boaria edl., 2011, 2013).
Many studies showed the capacity of various BCAgdotrol thrips in greenhouses on
cyclamen (de Courcy Williams, 2001; Boariaakt 2013), sweet pepper (Jacobson, 1997,
van de Veire and Degheele, 1992; Chambesd.e1993; Tavella et al., 1996), cucumber
(Jacobson, 1995, 1997), on flowering plants (Raverts and Altena, 1993; de Courcy
Williams, 2001).

Thrips pest management in protected ornamentalsquge difficult when an
environmentally-sound approach is required. In tisk we investigated the interactions
between herbivore thrips and their antagonistsutimolaboratory, semi-field and field
studies. Special attention has been given to goeesegh structures to look at possible

measures to enhance conservative biological comtic@mmercial greenhouses.
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Abstract

Problems with herbivore thrips are commonly recdram protected ornamentals.
Failures in insecticide use to control these pastsreported because of their resistance.
Alternative control strategies are based mainlyaogmentative biological control (e.g. the
release of predators) and the use of bio-inseeticidConservation biological control is
often overlooked in ornamental crop systems. Mogeowiouses are planned to reduce
arthropod exchanges from their surroundings bec#hiseis considered to enhance the
colonization by herbivore thrips and other pests. particular, houses devoted to
ornamentals are opened only at the roof when tesmiyoexs exceed critical values. In this
work, spatial and temporal dynamics of thrips pesid their potential natural enemies
were investigated in a farm comprising houses dhariged by an increasing level of
lateral openings and an open field nursery. Ingasbns involved house and nursery
surroundings, mainly hedgerows, small vineyards amthards. Aggregation of the main
species and the association between predators eayd were calculated using Spatial
Analysis by Distance Indices (SADIE). The distribut of F. occidentalispopulation was
commonly aggregated inside the houses while thafhwips tabaciinvolved both the
houses and their surroundings. Among natural erggmredatory thripsAeolothripsspp.)
evidenced an aggregated distribution both in greesés and outdoor, whereas anthocorids
(Orius spp.) occurred most frequently in the surroundiaf$ouse or in the open field
nursery. SADIE analysis revealed significant spatssociations between herbivore thrips
and their natural enemies. Results and their ralev#o Integrated Pest Management (IPM)

are discussed.

I ntroduction

Herbivore thrips are major pests of protected omeraals. Frankliniella occidentalis
Pergande, also named Western Flower Thrips, caesesis economic damage by feeding
on leaves and flowers (Brodsgaard, 1989a; Geriralgt 1994; Helyer etal., 1995;
Tommasini and Maini, 1995; Parrella and Murphy, &99%wis, 1997a; van Dijken etl.,
1994; Childers and Anchor, 1995) and transmits moose Tospoviruses (Wijkamp at.
1995; Ullman etal., 1997; CABI/EPPO, 1997). In greenhouses, WFT dawvelop and

reproduce continuously due to optimal environmeaotaiditions. Problems in successfully
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managing this pest are because of its cryptic hebawand resistance to insecticides
(Lewis, 1997b; Jensen, 2000).

Thrips tabaciis a highly polyphagous and cosmopolitan thripscggs (Lewis, 1973;
Murai, 2000) that can be recorded in open-field pratected vegetables and ornamentals
(Macintyre Allen efal., 2005; Martin etl., 2003; Wimmer eél., 2008; Nault and Shelton,
2010; Mautino etl., 2013). It is able to transmit a number of visugdardly and Teakle,
1992; Wijkamp etal., 1995, Murai, 2000; Gent at., 2006; Nagata «il., 1999; Pappu et
al., 2009). Resistance to pesticides is also knowthis species (Martin etl., 2013; Nault
etal., 2006; Shelton «dl., 2006).

Problems encountered in the control of herbivorgshhave promoted a number of
studies in the field of biological control, and ingact of various biocontrol agents as well
as pathogens have been evaluated at different ssq¢@dlespie and Quiring, 1990;
Brodsgaard, 1996; Jacobson, 1997; Baez et al.,; B@tisgaard, 2004; Buitenhuis and
Shipp, 2005; Arthurs and Heinz, 2006; Uginalet2005a, b; Boaria etl., 2011; Boaria et
al., 2013). Some biocontrol agents proved to be e¥fe@gainst first instars less frequently
on other life stages (van Lenteren and Woets, 188&)p etal., 1991; van Houten etl.,
1995; Messelink eal., 2005); however chemical control applied agawotsier pests can
disrupt the establishment of natural or artifigiakleased beneficials (Higgins, 1992). As a
consequence, biological control is often overlookeprotected ornamentals.

Relationships between pests and their natural eesearne influenced by the environment
located at crop margins (e.g., Landtsal, 2000; Marshall & Moonen, 2002). Biodiversity
may represent an important resource for the manageof thrips pests in greenhouses.
Arthropod exchanges between natural and cultivateds have been widely recognized as
characterizing the population dynamics of pests aatiral enemies in agroecosystems
(Duelli etal., 1990; Marshall and Moonen, 2002; Macfadyen andlévl, 2013). Natural
vegetation at the margin of greenhouses may reprrasgotential ecological corridor and a
source of natural enemies potentially useful insipleenhouses. Concerning herbivore
thrips, some studies have documented the abilifyrefiatory bugs (e.gQrius insidiosu¥
to colonizeF. occidentalisinfested field pepper crops (Funderburlakt 2000; Reitz eal.,
2003). The colonization of greenhouses by theseshantagonists has been reported by
Tavella etal. (1996), Bosco e#al. (2008), and Albajes and Alomar (1999). Arthropods
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exchanges between greenhouses and their surrosndiage been shown in open
greenhouses in the Mediterranean climate. The pedanite Phytoseiulus persimilis
(Athias-Henriot) native to Mediterranean basin cafonize protected vegetables coming
from outside and exert a fundamental role in cdimig spider miteTetranychus urticae
Koch (Vacante and Nucifora, 1987).

Further case studies concerned whiteflies. Meditexan predatory bugs such as
Macrolophus caliginosusand Dicyphus tamanini recognized as important whiteflies
predators, naturally colonized protected and opeld fvegetables in Southern Italy and
Spain (Vacante and Tropea Garzia, 1994; Riudavets @Gastafié, 1998; Albajes and
Alomar, 1999; Alomar efal., 2002; Lucas and Alomar, 2002; Castafiéalet 2004).
Greenhouse structure may also strongly influencstspand natural enemies spatial
dynamics between inside and outside greenhousérilading positively or negatively to
their movements and therefore, to their distributiover the greenhouse and its
surroundings (Albajes etl., 1999; Gabarra et al., 2004; Richaét 2013).

Greenhouses devoted to ornamentals are usuallg el@gronments. In summer, they
are opened at the roof when temperatures excedéidatrvalues. Moreover, growers
eliminate accurately the vegetation surroundingegin@uses trying to create an artificial
scenario where arthropod exchanges with outsidea@maent are drastically reduced.

Studies of within-greenhouse spatial distributidrpests could help in managing them.
Thrips have received a special attention at thrgane (Higgins, 1992; Salgueroadt, 1994;
Cho etal., 1995; Cho eal., 2000; Cho eal., 2001; Deligeorgidis edl., 2002; Seal edl.,
2006; Navarro-Campos at., 2011). The spatial distribution analysigrofoccidentalisand
T. tabaciinfesting vegetables in both open field and greeisks has been widely explored
(Shipp and Zariffa, 1991; Higgins, 1992; Deligedigietal., 2001; Pearsal and Myers,
2001; Cho etl. 2001; Macintyre-Allen eal., 2005; Park eal., 2009; Poncet etl., 2010;
Sedaratian eal., 2010). Research on protected ornamentals regarthtural enemies of
pests has been less explored.

Several beneficial organisms can control thripsutetjpons on different crops (e.qg.,
Schreuder and Ramakers, 1989; Tavellalet1991; Jacobson, 1993; 2000; Tavella, 2000,
2003; De Courcy Williams, 2001; Jacobsorakt 2001; Deligeorgidis, 2002; Arthurs and
Heinz, 2006; Ebssa al., 2006). Among them, minute pirate bu@i(is spp.), predatory
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mites Amblyseiuspp.,Neoseiuluspp.,Euseiusspp.,Hypoaspisspp.) and predatory thrips
(Aeolothripsspp.) have been reported as effective predatdfs @tcidentalisandT. tabaci
(Bournier, 1968; Ferrari, 1980; Lacasa, 1980; BgckE988; Ananthakrishnan and
Sureshkumar, 1985; Fischer at, 1992; Riudavets eail., 1993; Tommasini and Nicoli,
1993; De Courcy Williams, 2001; Messelink at, 2006; Wimmer etl., 2008; Conti,
2009). The role ofrius spp. in controlling thrips has been widely docutednin open
fields as well as in greenhouses (van de Veirezegheele, 1992; Chambersatt, 1993;
Tavella etal., 1996; Funderburk etl., 2000; Ramachandran at, 2001; Blaeser il.,
2004; Bosco et al., 2008). Predatory mites belandgm the Phytoseiidae family, in
particular Amblyseius swirskiand Neoseiulus cucumerigyre being widely employed for
controlling thrips in greenhouses (Jacobsonalet 2001a, b; Messelink edl. 2006).
Predatory thrips belonging to the genmsolothripsand Franklinothrips are commonly
associated with phytophagous thrips, but theirqtgikeas biocontrol agents in greenhouses
has been poorly investigated (Trdanagt 2005; Cox efal., 2006; Fathi e@l., 2008;
Nammour etil., 2008; Pizzol eal., 2012).

The identification and evaluation of natural asabons between indigenous crop pests
and natural enemies are crucial in understandiagptitential role of natural ecosystem as
regulating factor of introduced exotic pest popolad. The study of potential endemic
natural enemies of an introduced exotic herbivame therefore contribute to produce new
noteworthy biological control results (van Lenter&é897) and to improve the knowledge
on both the field-scale and small-scale level add existing regulatory services provided
by natural and managed ecosystems.

Natural colonization of protected crops from uniwalted wild plants or other cropping
systems by phytophagous thrips, as well as predacemects, in particular anthocorids
and Aeolothripids, has been documented (van des\&id Degheele, 1992; Tavellaagt
1996). However, the interaction between outside mstle greenhouse as well as the
colonization potential of natural enemies is bepaprly studied (Castane ef., 2004;
Gabarra eal., 2004; Alomar eal., 2002; Boscet al, 2008; Atakan, 2010).

Some studies have been focused on the potentidlitatural environment to affect the
populations of herbivores insects and their natein@mies by providing alternative food as
well as site for mating, overwintering and shel(eandis etal., 2000; Marshall and
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Moonen, 2002; Frank and Reichhart, 2004; Guralet2005). Positive implications for
sustainable thrips management on protected crapsesalt from flowering field margins
or natural vegetation (van de Veire and Degheed®2;1 Perdikis etal., 2008; Atakan,
2010).

Some studies have been devoted to studying sigatiporal distribution of WFT and.
tabacion greenhouses and open field-growing vegetablegins, 1992; Cho l., 1995;
Deligeorgidis etal., 2002). Pizzol eal. (2010) reported the use of glue sticky trapsras a
easy monitoring technique to successfully estinthtgs population on protected roses.
Comparative studies on herbivore thrips and thatiural enemies are lacking.

The spatial and temporal dynamics of thrips pests their potential natural enemies
were investigated in a farm comprising houses dharged by an increasing level of
lateral openings and an open field nursery. Ingasitbns involved house and nursery
surroundings, mainly hedgerows, small vineyards amthards. Aggregation of the main
species and the association between predators e were calculatedResults are

discussed for their relevance to Integrated Pestageament (IPM).

Materials and Methods

Study system

This study was conducted from 2011 to 2013 in emfaomprising several greenhouses
(approx. 170000 f) devoted to the production of more than 200 pigecies and located
in northern Italy (Veneto region). The spatial aathporal distribution of thrips and their
naturally occurring antagonists was investigatedhiee greenhouses where ornamentals
and to a lesser extent vegetables were cultiv#tedpen field nursery where roses were
grown was also considered in this comparison. T tultivation scenarios had the
following characteristics: 1) greenhouse (GH1) aagular-shaped (5600 %nwith four
sides closed and facing a hedgerow in the nortlsete (H1) 2) greenhouse (GH2)
rectangular shaped (40002mwith a lateral opening on the northern side fgcto a
hedgerow (H2), and protected by an anti-lepidoptepéastic net (0.6 x 0.3 cm); 3)
greenhouse (GH3) rectangular shaped (15080with three lateral openings protected by

anti-lepidopteran nets: the western side faced lbedgerow (H3), the southern side to a
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fruit orchard, the northern side to a vineyard angreenhouse (north-eastern corner), the
eastern side was close to other greenhouses; dpanfield rose nursery (OFN) of about
5400 nf with the northern side facing to a secondary hemlgefH4). Usual cultivation
practices were adopted, and insecticides were ep@very 15-20 days in houses less
commonly in the open field nursery (Table 1). Thoe of four hedgerows (H1, H2, H4)
were established in 2011 to investigate on thetemaal role in increasing the colonization
by natural enemies of pests (Buggaét 1989; Maingay eal., 1991; Patt et al., 1997).
Plant species (e.gl.agerstroemia indica.., Lavandulaspp.,Viburnum opolud.., Corylus
avellanal., Sambucus nigr&.) were selected for this purpose based on daterted in
the literature. The fourth hedgerow comprised sarawirally occurring plants such as
Sambucus nigrd.., Acer saccharinuni., Robinia pseudoacacia., Phyllostachys mitis
(Poir.) Rivier et C. RiviereCarpinus betulug.. andCorylus avelland...

Observations were carried out from April to Octobe2012 and 2013. Phytophagous
thrips and their potential antagonists were capting using 15 x 15 cm light yellow and
blue glue sticky traps positioned in the greenhsuseregular grid of 10 x 10 m and
following a staggered designSticky traps were also placed at the greenhousginsar
comprised the hedgerows. Furthermore, sticky tvegre placed at the roof of greenhouses
and in the crop-free area in order to evaluatecinsecurrence in absence of growing
plants. Sticky traps were placed according to Vst direction and cards were fastened
to 50 cm tall plastic stakes. Traps were initigdlgced 10 cm above the growing crops and
raised even with the top of the canopy as planevgiThey were renewed at weekly
intervals and analysed under a dissecting stereéosuope. Thrips specimens were
mounted on slides and identified using an iderdtfan key guide (Marullo, 1993; Mound
and Kibby, 1998; Moritz and Goldarazena, 2004).
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Figure 1 — Picture referring to four different ¢udition scenarios considered in this study.
a) house completely closed (GH1); b) house withoghern lateral opening (GH2); c¢)
house with three lateral openings (north, westtlgdiGH?3); d) open field nursery (OFN).
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Figure 2 — Symbols used in the Figure 1 for indigathe greenhouses’ surroundings.

Data analysis

Data were analysed using Spatial Analysis by DandicEs (SADIE) and ‘red-blue’
plot methodology (Perry al., 1999; Winder eal., 2001; Perry and Dixon, 2002) was
used to visualize patches (areas of relatively highnts) and gaps (areas of zero or
relatively small counts) in spatial distributioningects. At a given location, each sampling
point had an x, y field coordinate and a correspun@ount c (insect captured in a trap),
which represented the value of the variable bemgyged. Tests of nhon-randomness was
based on the overall index of aggregation (l&)=(0.05) (Perryet al, 1999). Local
clustering indices (v> 1,5 as membership to a patchi<v-1,5 as membership to a gap)
were then used to generate two-dimensional comayos showing their spatial distribution
(Perry et al., 1999). We also quantified the sintyabetween two spatial patterns, through
the degree of spatial association between thenryRemDixon, 2002). The measure of
spatial association was determined by the ovandkx of association, “X”, with a positive
association if X > OR < 0.025) indicating the overlapping of patchegaps between two
spatial pattern; and a negative association if B ¢ > 0.975) indicating overlapping of
patches and gaps in one spatial pattern (Perry ¥o)i2002; Reay-Jones, 2012). The
randomization method (Perry &t, 1999; Perry and Dixon, 2002) was used to coosau
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formal test of significance in spatial associatitusing this method we evaluated the
similarity in the distributions of the same specdsserved in different sampling dates
(intra-specific association) and the similarity thre distribution of two different species
observed in the same sampling dates (inter-speasgociation). All SADIE statistics were
generated with SADIESHELL version 1.5.3 (Rothamsté&skperimental Station,

Harpenden, Herts, UK). The software N_AShell (vansl) was used for the tests of spatial

association while SURFERGolden Software) was used to construct bi-dimeraimaps.

Table 1- Insecticides used in the diffiikexperimental sites in 2012 and 2013.

Cultivation  Pyrethroids Spinosyns  Carbamates Avermectins  Others

scenario
GH1 X X X X
GH2 X X X X
GH3 X X X X X
OFN X X

Results

Spatial and temporal dynamicsin 2012

F. occidentalisandT. tabaciwere the most common phytophagous thrips specidzei
four experimental sites and their surroundings. Aggredators, those belonging to the
generaAeolothrips(mainly A. intermediusandA. fasciatus)andOrius (mainly O. minutus
O. niger, O. majusculus and O. laevigdtugere frequently recorded. Regardihgtabaci
meta-populations were totally female-biased andafem of F. occidentaliswere much
more abundant than males. Therefore results regaphytophagous thrips refer to females
only. Distribution patterns are discussed for athpling dates but figures refer to the most

significant ones.
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Figure 3 - Spatial patterns &f. occidentalis T. tabacj Aeolothrips spp., Orius spp.
populations in the greenhouse GH1 on selected sagngates during 2012. Black areas
correspond to patch(® 1.5) whilst grey correspond to gap €v - 1.5). Letters ‘H’, ‘C’,

‘G’ indicate ‘hedgerow’, ‘corridor’, and ‘greenhoeisrespectively. Points inside or outside

F. OCCIDENTALIS @9

T. TABACI

AEOLOTHRIPSPP.

ORIUSSPP.

¥

1

NO CAPTURES

AL .

NO CAPTURES

NO CAPTURES

greenhouse correspond to locations of traps wgbdncaptures.
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Table 2 - Aggregation index (I) and associated abdiy (p) of F. occidentalisT. tabacj
Aeolothripsspp. andOrius spp. populations in greenhouse GH1 and its sudiogs during
2012.

GH1

F. occidentalis (QQ) T. tabaci Aeolothrips spp. Orius spp.
P | P | P | P

date

08-Apr

18-Apr

28-Apr

08-May

18-May

28-May 1.723 0.0013 1.487 0.0155

8-June 1.396 0.0334 1.61 0.0073 1611 0.006

18-June 1.46 0.0187 1.454 0.023

28-June 1.649 0.0023 1.377 0.0479
8-July 1.911 0.0003 1.817 0.0005

18-July 1.87 0.0003 1.519 0.0163
28-July 1.656 0.0029 1.583 0.0104
8-Aug 1.769 0.0018 1.77 0.0016

18-Aug 1.784 0.0005 1.66 0.0035 1.684 0.0027
28-Aug 1.451 0.0187 1.448 0.0288

8-Sept 2.048 0.0003

18-Sep

28-Sep
8-Oct

In April and May of 2012F. occidentalisfemales were detected in the greenhouse GH1
(opened only at the roof). In June and July, pdpra were significantly aggregated and
most of patches were in the centre of the greesdhau close to contiguous greenhouses
(Table 2; Figure 3). Gaps were localized in theasie area, facing to the experimental
hedgerow (Figure 3). Populations dramatically aesaddifrom August onwards probably due
to plant cutting practices. A strong similarity amgd-. occidentalisdistributions was found
from 18 June to 18 July (Table 3).
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Table 3 — Results of association test (Perry & BDjx@002) for of F. occidentalis

populations in greenhouse GH1 during 2012.

F. occidentalis (?9)
18-Apr 28-Apr 08-May 18-May O08-Jun 18-Jun 28Jun 08-Jul 18Jul 28-Jul 08-Aug

date p P P P P P P P P P P

08-Apr 0.7445 0.1663 0.9681 0124 05234 0262 02958 06913 0.1549 0.8803 0.2951
o 18-Apr 02899 00284 03339 0.0146 00285 00195 0039 0313 00306 03622
OF  23Apr 0731 02445 00208 0.0854 0026 02991 04143 0.488 0.6277
© 08May 0.6351 0.2327 02355 01774 00029 02477 0.0502 0.1501
§ 18-May 0.2615 03265 04871 08552 0.9527 0.2254 0.3476
S 08Jun 0.0001 00021 00715 06206 0.0527 0.5932
S  18hn 0.0029 00648 02882 0.0458 0.4187
g 28-Jun 0.0216 01453 03334 0.2825
o o8l 0.0231 01201 00999
w18l 0.898 0.4443

28-Jul 0.0565

T. tabaciwas found in the greenhouse GH1 and in the hedgétd from the first
sampling dates. Population densities in the greesgoncreased in early summer declining
in late season. Populations showed to be aggregatee sampling dates on the hedgerow
but only twice in the greenhouse (Table 2; Figuje Gaps were localized along the
southern side of the greenhouse. Intraspecificcassaon was recorded only in June and
August (Table 4).
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Table 4 — Results of association test (Perry & Djx@002) ofT. tabacipopulations in
greenhouse GH1 during 2012.
T. tabaci

18-Apr 28-Apr 08-May 18-May 28-May 08-Jun 18-Jun 28-Jun 08-Jul 18-Jul 28-Jul 08-Aug 18-Aug 28-Aug 10-Sep
p p P p p P p P p P p p P P P

date

08-Apr

18-Apr

28-Apr 0.0112 0.0072

08-May

18-May

28-May 0.0006 0.0017 0.0003 0.002
08-Jun 0.0032 0.0122

18-Jun 0.0096

28-Jun

08-Jul 0.0017 0.005 0.0164
18-Jul

28-Jul

08-Aug

18-Aug 0.0093
28-Aug

10-Sep

T. tabaci

Predaceous thrips were detected in the greenhoukerathe hedgerow from the first
sampling date onwards (Figure 2)eolothripsspp. densities increased from late June to
late August, then declined. Their distribution veaggregated from late May to early June
and from August onwards when patches were obsarmdtie hedgerow (Table 2, Figure
3). A single aggregation was noticed in the greesban September whereas gaps were
seen in the area opposite to the hedgerow. Posdititra-specific associations among

subsequent dates were registered in spring anduatener (Table 5).
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Table 5 — Results of association test (Perry & Djx2002) ofAeolothripsspp populations
in greenhouse GH1 during 2012.

Aeolothrips SPP.
q 08-Jun 08-Jun 28-Jun  08-Jul  28-Jul 08-Aug 18-Aug 28-Aug 08-Sep
ae P P P P P P P P
. 08-May 0.0001 0.0001 0.0034 0.0001
O  28-May 0.0001 0.0001 0.0049 0.0002
UQ-’ 08-Jun 0.041 0.0001 0.0075 0.0001
" 18-Jun
Q. 28un
< 8Jul 0.0009
= 28l
O 08-Aug
o 18-Aug 0.0159
L 2s.Aug 0.0242
< 08-Sep

Anthocorids belonging to the gen@ius were found only in correspondence of the
hedgerow with significant aggregation on five sampldates (Table 2). Gaps were
localized into the greenhouse (Figure Q)ius densities peaked on 18 August and 8

September and their distributions were positivelsogiated in August (Tab. 6).

Table 6 — Results of association test (Perry & Djx®002) ofOrius spp. populations in
greenhouse GH1 during 2012.

Orius SPP.
08-Jun  08-ul ~ 08-Jul  18-Jul  28-Jul 08-Aug 18-Aug 28-Aug 08-Sep
dat » p» b P P P P P P
08-Jun 0.0001 0.0001 0.0004 0.0001 0.0006
o 0Bl 0.0092 0.004 0.0001 0.009 0.0248
o 08-Jul
R 3 1] 0.0001 0.0001 0.0001
D Ay 0.0001 0.0001
= 13Aug 0.0003
o BAuy
08-Sep
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The distributions of-. occidentalisandT. tabaciwere positively associated on 28 June,

when pests occurred close to the main entry of gteenhouse (Table 7). A single

association betwedn. occidentalisandOrius spp. was detected on July 8 (Table 8) in the

south-eastern side of the greenhouse whdreaxcidentalisand Aeolothripsspp. were

never associated.. tabaciandAeolothripsspp. were frequently associated in the hedgerow
(Table 9) where this pest was also associated @iihs spp. (Table 10). Finally, positive

associations were registered between predatonystlamnd predatory bugs in the hedgerow

(Table 11).

Table 7 — Results of interspecific association tggterry & Dixon, 2002) betweeh.

occidentalisandT. tabaci populations in GH1 during 2012. Grey cells indéicassociation

test performed on spatial patterns observed isdnee date.

T. tabaci

date

4

[

p

p

08-Apr  18-Apr 28-Apr (08-May 18-May 28-May O08-Jun 18-Jun 28-Jun 08-ul  18-ul  28-ul 08-Aug 18-Aug
p

P P P P P P P P

08-Apr
18-Apr
28-Apr
08-May
18-May
08-Jun
18-Jun
28-Jun
08-Jul
18-Jul
28-lul
08-Aug

F.occidentalis (99)

0.0043

0.0174
0.0001
0.0001

0.005

0.0002 0.0012
0.0003 ' 0.0002 0.0039
0.0003 0.0116 = 0.0199

0.0189
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Table 8 — Results of interspecific association {@&rry & Dixon, 2002) betweek.
occidentalisandOrius spp.populations in GH1 during 2012. Grey cells indicassociation

test performed on spatial patterns observed isdnee date.

Orius SPP.
08-Jun 28-Jun  08-Jul  18-Jul  28-Jul 08-Aug 18-Aug 28-Aug 08-Sep
p p P P P p p P P
08-Apr 0.0292
18-Apr
28-Apr
08-May 0.005
18-May 0.0001
08-Jun
18-Jun
28-Jun
08-Jul 0.0001
18-Jul 0.0448 0.0048
28-Jul
08-Aug

date

F. occidentalis (29)

Table 9 - Results of interspecific association (Pgirry & Dixon, 2002) betweeh. tabaci
and Aeolothripsspp. andT. tabacipopulations in GH1 during 2012. Grey cells indicate
association test performed on spatial patternsrebden the same date.

Aeolothrips SPP..
date 08-May 28-May 08-Jun 18-Jun  28-Jun  08-Jul  28-Jul 08-Aug 18-Aug 28-Aug 08-Sep
P P P P P P p P P P p

08-Apr
18-Apr
28-Apr 0.0211 0.0219 0.0149
08-May
18-May

— 28-May 0.0001 ' 0.0001 0.0001 0.0001 0.0019 0.0006

g 08-Jun

<O 18-Jun

S 28un

— 08-Jul  0.0013 0.0025 0.0004 0.0148 0.0013 0.0003 0.0017 0.0171
18-Jul
28-Jul
08-Aug 0.0029 0.0027 0.0004 0.2496 0.0009 0.0002
18-Aug 0.0017 0.0001 0.0001 0.0005 | 0.0102 0.0001
28-Aug 0.0003 0.0025 0.0076 0.0001 0.0123 | 0.0047
08-Sep
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Table 10 - Results of interspecific association tesrry & Dixon, 2002) betweeh. Tabaci
and Orius spp populations in GH1 during 2012. Grey cells indicassociation test

performed on spatial patterns observed in the shate

Orius SPP.

08-Jun  28-Jun  08-Jul 18-Jul 28-Jul 08-Aug 18-Aug 28-Aug 08-Sep
P P P P P P P P P

date

08-Apr

18-Apr 0.009

28-Apr 0.0212

08-May

18-May

28-May 0.0214 0.0001 0.0029 0.0001 0.0003 0.0003
08-Jun

18-Jun

28-Jun

08-Jul 0.0191 0.0019 0.005 0.0009 0.0071
18-Jul

28-Jul

08-Aug 0.0002 0.0007 0.0151 0.0245 ' 0.0001 0.0001 0.0001
18-Aug 0.0126 0.0012 0.0036 0.0011 = 0.0017 0.0029
28-Aug 0.0001 0.0215 0.0071 @ 0.0223
08-Sep

T. tabaci

Table 11 - Results of interspecific associationt t@#2erry & Dixon, 2002) between
Aeolothrips spp. andOrius spp. populations in GH1 during 2012. Grey cells indicate

association test performed on spatial patternsrebden the same date.

Orius spp.
date 08-Jun  28-Jun 08-Jul 18-Jul 28-Jul  08-Aug  18-Aug  28-Aug  08-Sep
P P P P P P P P P
08-May 0.0001 0.0014 0.0071 0.0012
28-May  0.0149  0.0238 0.0001 0.0031 0.0001 0.0004  0.0002
o 08-Jun | 0.0095  0.0094 0.0001 0.0016  0.0001 0.0003  0.0002
% 18-Jun
Q. 28dun
S ol
S 28-Jul 0.0135
S 08-Aug  0.0086 0.0059 0.0001 0.0024 0.0002 0.0001 0.0003
g 18-Aug 0.0151 0.0186 = 0.0165 0.0192
28-Aug  0.0018  0.0001 0.0001  0.0079  0.0001 0.0001 0.0001
08-Sep 0.0001
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Figure 4 - Spatial patterns &f. occidentalis T. tabacj Aeolothrips spp., Orius spp.
populations in the greenhouse GH2 on selected sagngates during 2012. Black areas
correspond to patch (v 1.5) whilst grey correspond to gag €- 1.5). Letters ‘H’, ‘C’,
‘G’ indicate ‘hedgerow’, ‘corridor’, and ‘greenhoeisrespectively. Points inside or outside

greenhouse correspond to locations of traps wgbdncaptures.
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Table 12 - Aggregation index (I) and associatedabdity (p) of F. occidentalisT. tabacj

Aeolothripsspp. andDrius spp. populations in greenhouse GH2 and its sudiogs during

2012.

GH2

date

F. occidentalis (9 S?)
P

T. tabaci

P

Aeolothrips spp.

P

Orius spp.
| p

08-apr
18-apr
28-apr
08-mag
18-May
28-May
8-June
18-June
28-June
8-July
18-July
28-July
8-Aug
18-Aug
28-Aug
8-Sept
18-Sep
28-Sep
8-Oct

1.336
1.393

0.0386
0.019

1.429

0.0126

1.609 0.0005

1.482 0.0085
1.451 0.0147

F. occidentaliswas observed inside the greenhouse GH2 from Aprards, and

occasionally in the contiguous hedgerow (FigureT&e highest population densities were

noticed in June and the lowest in mid-sumnieroccidentaligpopulation was never (Table

12; Figure 4) and no associations were observech@rAooccidentalispopulations over

the time.

The presence of. tabaciwas homogeneous in the greenhouse in the firstgbahe

season with highest densities in July. This pes$ a0 detected in the contiguous

hedgerow during most of dates (Figure 4). Popuiatizwere aggregated in August both

inside greenhouse and in thehedgerow (Table 12jr&ig). No intraspecific association

patterns were found over the time.

Predaceous thripsAgolothripsspp.) were recorded frequently in the greenhousk a
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outside and their densities reached the highestddwetween July and August. They were
found to be aggregated in the hedgerow on 18 AuJdile 12; Figure 4). No similarities

between population distributions were evidenced.

Table 13 — Results of association test (Perry &0Djx2002) ofOrius spp. populations in
greenhouse GH2 during 2012.

Orius spp.

18-Jul 18-Aug 28-Aug 08-Sep

date p p p p
o 28-May 0.0215
2 08-Jul
wy 18-Jul
g 18-Aug 0.0001 0.0001
o 28-Aug 0.0001

Anthocorids were found especially in mid-summer rehthey were aggregated in the
hedgerow and the greenhouse on 18 July and 28 Autjus phenomenon was also
observed on August 18 but only in the hedgerow I@aR; Figure 4). Gaps involved the
internal side of the greenhouse, opposite to thdgémw (Figure 4). Intraspecific

associations were noticed in late summer (Table 13)
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Table 14 - Associations betwe@&n tabaciand Aeolothripsspp. populations in greenhouse

GH2 during 2012.

Aeolothrips spp.

28-Apr 08-May  08-Jun 28-Jun 08-Jul 18-Jul

date
P P P P P P

28-Jul 08-Aug  28-Aug
P P P

08-Apr
18-Apr
28-Apr
08-May
18-May
28-May
08-Jun
18-Jun
28-Jun
08-Jul
18-Jul
28-Jul
08-Aug
18-Aug
28-Aug
08-Sep
28-Sep
08-Oct

0.0354

T. tabaci

0.0119
0.0061  0.0263

0.0033  0.0231

0.0313

0.0252

There were no positive associations between fentalexcidentalisand T. tabacj as

well as F. occidentalisand beneficial arthropods. Howevér, tabaci was found to be

positively associated with predatory thrips at ¢éimel of June and at the end of July (Table

14).
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Figure 5 - Spatial patterns & occidentalis T. tabacj Aeolothripsspp., Orius spp.
populations in the greenhouse GH3 on selected sagngdhtes during 2012. Black areas
correspond to patch (v 1.5) whilst grey correspond to gap €- 1.5). Letters ‘H’, ‘C’,

‘G’ indicate ‘hedgerow’, ‘corridor’, and ‘greenhoeisrespectively. Points inside or outside
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greenhouse correspond to locations of traps wgbdhcaptures.
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F. occidentaliswas detected inside greenhouse from spring onwands population
densities peaked in summer. A significant spatiaicsure was observed in most of dates.
Populations were aggregated in correspondencesah#in entry to the greenhouse (on the
north-eastern corner) whereas gaps were foundeiopiposite side facing to the hedgerow
and outdoor crops (Table 15; Figure 5). Aggregatimere also seen in correspondence of
the contiguous greenhouses from June onwards. dstamilarities in population

distribution were found among subsequent samplaigsi(Table 16).

Table 15 - Aggregation index (I) and associatedabdity (p) of F. occidentalisT. tabacj
Aeolothripsspp. andDrius spp. populations in greenhouse GH3 and its sudiogs during
2012 .

GH3
date F. occidentalis (9 9) T. tabaci Aeolothrips spp. Orius spp.
I P I P I P | P
08-apr
18-apr
28-apr 1.4190 0.0308  1.3350  0.0466
08-mag
18-May 1.3260 0.0474

28-May 1.5240 0.0115

8-June 1.4560 0.0197

18-June 2.2770 0.0003

28-June 2.1340 0.0003 1.5680 0.0083

8-July 1.7840 0.0011

18-July 1.9360 0.0003 1.6920 0.0031 1.3990 0.0285

28-July 2.7550 0.0003 1.7300 0.0013 1.4600 0.023

8-Aug 1.9480 0.0003

18-Aug 2.0970 0.0003 1.6480 0.0048 1.4220 0.0243

28-Aug 1.7030 0.0013 1.3370 0.0441 1.4620 0.0171 1.4630 0.0219
8-Sept 1.5700 0.0061 1.8650 0.0003
18-Sep 1.6400 0.0041

28-Sep 2.2160 0.0003

8-Oct 2.0190 0.0003
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Table 16 - Results of association test (Perry &dDix2002) ofF. occidentalispopulations
in greenhouse GH3 during 2012 .

F. occidentalis (9 Q)
18-Apr  28-Apr 08-May 18-May 28-May 08-Jun 18-Jun 28-Jun 08-Jul 18-Jul 28-Jul 08-Aug 18-Aug 28-Aug 08-Sep 18-Sep 28-Sep 10-Oct
S N R R Y Y Y Y R Y T T
08-Apr  0.0001 0.0011

18-Apr 00001 00001
gt 00042 00006 0.0004 00001 0.0021

. 08May

OF 18May 0.0066

2 Bay 0.0005 0.0008 0.0068 0018 0.0245

AT 0013 00001 0.0138 00207

= 00001 0.0001 0.0001 00001 00001 0.0001 0.0001 00053

< 2800 00001 0.0001 0.0001 00001 0.0001 0.0001 00087

S ol 0.0001 0.0001 00001 00001 0.0001

= Bl 0.0002 0.0001 0.0001 0.0001 00065 0.0157

'S sl 0.0001 0.0001 0.0001 00011

S 0BAL 0.0001 0.0001 0.0006

. 18Aug 0.0001 00098 0.0059

S g 0.0249 00037 0.0025
08:Sep 0.0001 00001 0.0001
185ep 0.0001 0.0001
2:ep 0.0001

T. tabaciwas observed frequently inside greenhouse anduiteundings; the highest
population densities were reached between May alyd Bopulations were aggregated in
various dates and areas inside and outside gresefiqiable 15; Figure 5). Significant
similarities in the population distribution patisrover time were noticed in May and from
late July to late August (Table 17).
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Table 17 - Results of association test (Perry &dDix2002) ofT. tabacipopulations in
greenhouse GH3 during 2012.

T. tabaci
18-Apr  28-Apr 08-May 18-May 28-May 08-Jun 18-Jun 28-Jun 08-Jul 18-Jul 28-Jul 08-Aug 18-Aug 28-Aug 08-Sep
P P P P P P P P P P p p P P p
08-Apr  0.0032
01-Apr
28-Apr 0.0069 0.0223 0.0084 0.0044
08-May 0.0242
18-May 0.0102 0.0024
28-May 0.0001
08-Jun
18-Jun
28-Jun
08-Jul
18-Jul 0.0001
28-Jul 0.0001 0.0089 0.0172
08-Aug 0.0001 0.0006
18-Aug 0.0001
28-Aug
08-Sep

date

T.tabaci

Predaceous thrips were found both inside greenhandeits surroundings. Predatory
thrips population reached the highest density i@ July. Populations were aggregated in
June, July and August with patches localized infthi orchard and the contiguous areas
of the greenhouse (Table 15; Figure 5). Similagitrepopulation structures over time were

observed in several sampling dates (Table 18).
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Table 18 - Results of association test (Perry & dbix 2002) of Aeolothrips spp.
populations in greenhouse GH3 during 2012

Aeolothrips spp.
08-May 08-Jun 18Jun 28-Jun 08-Jul 18-Jul 28-Jul 08-Aug 18-Aug 28-Aug 08-Sep

date p P p P p p PP PP
28-Apr
08-May 0.0001 0.0004
o 08un 0.0001 0.0249
Q. 18Jun 0.0002 0.024
«  28un 0.0099 0.0024 0.0001 0.0001
2 08-Jul 0.0058
L -
<= 18l
-+
o 28l 0.0014 0.002 0.0015
S 08-Aug 0.0127 0.0164
<t 18-Aug 0.0026
28-Aug
08-Sep

Anthocorids showed to colonize almost exclusiveig tgreenhouse’'s surroundings,
especially the fruit orchard (Figure 4). Aggregatipatterns were seen in August and
September when the highest population density $ewelre reached (Table 15; Figure 5).
Strong similarities in the population distributiorere observed over the time (Table 19)

and individuals originated mainly from the fruitcbiard (Figure 5).

Table 19 - Results of association test (Perry &dbix2002) ofOrius spp. populations in
greenhouse GH3 during 2012.

Orius spp.
08-Jul  18-Jul  28-Jul 18-Aug 28-Aug 08-Sep 18-Sep 28-Sep
date P p P p P p P P
28-Jun  0.0001 0.0001 0.0001 0.0001 0.0005 0.0001 0.0001
08-Jul 0.0001 0.0001 0.0001 0.0002 0.0001 0.0001
o 18-ul 0.0249 0.0001 0.0001 0.0044 0.0058
S 28l
“  18-Aug 0.0001 0.0001 0.0001 0.0001
S 28-Aug 0.0071 0.0037 0.0058
g 08-Sep 0.0001 0.0001
18-Sep 0.0001
28-Sep
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F. occidentaliswas found to be positively associated withtabaciat the beginning of
July and October (Table 20). Unlike, no associatibetweerk. occidentalisand beneficial
arthropods were found. In contra$t,tabaciwas observed to be positively associated with
Aeolothripsspp. and withOrius spp. inside and outside greenhouse (Tables 21 B2ith
natural antagonists were found to be associatedrasious sampling dates inside but
especially outside the greenhouse, in the orchaal @ able 23).

Table 20 - Results of interspecific associatiornt {€erry & Dixon, 2002) betweeh.
occidentalisandT. tabacipopulations in GH3 during 2012. Grey cells indécassociation
test performed on spatial patterns observed iisdnee date.

T. tabaci
08-Jul  18-Jul 28-Jul 08-May 18/58 28-May 08-Jun 18Jun 28-Jun O08-ul 18Jul 28-Jul 08-Aug 18-Aug 28-Aug 08-Sep 18-Sep 18-Sep 08-Oct
P P P P P P P P P P P P P P P P P P P
08-Apr 0.0039  0.0016
18-Apr 0.0001 | 0.0005 0.0036
28-Apr 0.0232 0.0158
08-May 0.0059
18-May 0.0019
28-May 0.0239
08-Jun 0.0001
18-Jun 0.0189 0.0192  0.0003
28-Jun
08-Jul
18-Jul 0.0001
28-)ul 0.0024
08-Aug 0.0136
18-Aug 0.0025
28-Aug
08-Sep
18-Sep
28-Sep 0.0085 0.0108
08-Oct 0.0128  0.0246 0.0035 | 0.0159

date

F.occidentalis (9 9)
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Table 21 - Results of interspecific association Esrry & Dixon, 2002) betweeh. tabaci
and Aeolothripsspp.populations in GH3 during 2012. Grey cells indicagsociation test

performed on spatial patterns observed in the shate

T. tabaci

Table 22 - Results of interspecific association (Berry & Dixon, 2002) betweeh. tabaci
and orius spp. populations in GH3 during 2012. Grey cells indicaigsociation test

Aeolothrips spp.

date

28-Apr
P

P

08-May 08-Jun

P

18-Jun
P

28-Jun 08-Jul  18-Jul
P P P

28-Jul
P

08-Aug

18-Aug

28-Aug

08-Sep

08-Apr
18-Apr
28-Apr
08-May
18-May
28-May
08-Jun
18-Jun
28-Jun
08-Jul

18-Jul

28-Jul

08-Aug
18-Aug
28-Aug
08-Sep
18-Sep
28-Sep
10-Oct

0.0138
0.0015

0.0087

0.0017

0.0003
0.001
0.0001
0.0001

0.0005

0.0074

0.0039

0.0207

0.0001
0.0058

0.0006

0.0001
0.0001

0.0247
0.0015
0.0001
0.0001
0.001

0.0024

0.0062
0.0001
0.0001
0.0002

0.0054

0.0001
0.0001
0.0009

0.0174

performed on spatial patterns observed in the shate

T. tabaci

Orius spp.
28-Jun  08-Jul 18-Jul 28-Jul  18-Aug 28-Aug 08-Sep 18-Sep 28-Sep
date P P P P P P P P P

08-Apr
18-Apr 0.0162
28-Apr 0.0009 0.0056 0.0002 0.0069
08-May
18-May
28-May
08-Jun 0.0011
18-Jun
28-Jun
08-Jul
18-Jul 0.0001 0.0001 0.0001 0.0001 0.0022 0.0012 0.0001 0.0004
28-Jul 0.0001 0.0001 0.0001 0.0001 0.0051
08-Aug 0.0001 0.0053 0.0001 0.0074
18-Aug 0.0223 0.0003 0.0084
28-Aug 0.023 0.0144
08-Sep
18-Sep 0.0242
28-Sep
10-Oct 0.0062
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In the open field nursery, observations startedune.F. occidentaliswas detected from

June onwards showing maximum densities in SeptenilBgure 5). In the nursery,

populations showed to be aggregated in mid-Jundaadseptember (Table 24). Females

were rarely detected in the hedgerow (Figure Shil8rities in thrips spatial distribution

were found in late July (Table 25).

Table 23 - Results of interspecific associationt t#2erry & Dixon, 2002) between

Aeolothrips spp. andOrius spp. populations in GH3 during 2012. Grey cells indicate

association test performed on spatial patternsrebden the same date.

Orius spp.
28-Jun  08-Jul 18-Jul 28-Jul  18-Aug  28-Aug  08-Sep  18-Sep  28-Sep
date p P P P p p p p p
28-Apr 0,0073 00055
08-May 0,0001
o 08Jun 00116 00048 00001 00001
& 18Jun 0006 0,0004
n 28.Jun | 00001 00001  0,0001 0,0001  0,0031
2 ogdul
= 183 0,0066 0,0056
= 28Jul 00001 00001 0,000 0,0001  0,0064
o 08Aug 0007 00004  0,0003 0,0009 0,0221
2 18Aug 00038 0,001  0,0001 00001 0,0001 0,005  0,0045
28Aug 00001 00001 0,001 0,0001 06,0001
08-Sep 0,0001 0,004

62



F. OCCIDENTALIS (£ 2) T. TABACI AEOLOTHRIPSPP. ORIUSSPP.

|_ AR

28 June G

8 July ¢ ° osooo’

28 July &

18 August g J ..

28 August G

. ;
A
. :
o v
c
o'.
o

8 September G ’ X o ‘ ’

Figure 6 - Spatial patterns &f. occidentalis T. tabacj Aeolothrips spp., Orius spp.
populations in the greenhouse OFN on selected sagnghtes during 2012. Black areas
correspond to patch (v 1.5) whilst grey correspond to gag - 1.5). Letters ‘H’, ‘C’,
‘G’ indicate ‘hedgerow’, ‘corridor’, and ‘greenhoeisrespectively. Points inside or outside

greenhouse correspond to locations of traps wgbancapture .
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Table 24 - Aggregation index (I) and associatedabdity (p) of F. occidentalisT. tabacj

Aeolothrips spp. andOrius spp. populations in greenhouse OFN and its sudiogs

during 2012.

OFN

date

F. occidentalis (9%)

P

T. tabaci

P

Aeolothrips spp.

P I

Orius spp.

P

08-apr
18-apr
28-apr
08-mag
18-May
28-May
8-June
18-June
28-June
8-July
18-July
28-July
8-Aug
18-Aug
28-Aug
8-Sept
18-Sep
28-Sep
8-Oct

1.512

1.672

0.0243

0.0049

2,388

1.796

1.698

0.0003

0.0024

0.0101

0.0075

1.807
1.492

1.909

0.0018
0.0256

0.0024
1.418
1.527

0.0406
0.0174
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Table 25 - Results of association test (Perry &dnix2002) ofF. occidentalispopulations
in greenhouse OFN during 2012.

F. occidentalis (39)

08-Jul 18-Jul 28-Jul  18-Aug  28-Aug  08-Sep  18-Sep
P P P P P P P

date

28-Jun

18-Jun

08-Jul 0.0091
18-Jul 0.0124

28-Jul 0.0003  0.0001

18-Aug 0.0159

28-Aug

18-Sep

F.occidentalis (2 9)

The population off. tabaciwas frequently found in the rose nursery as welinathe
contiguous hedgerow (Figure 6). Populations dessitpeaked in June and July.
Aggregative patterns involved both the hedgerow #@nednursery in late June and mid-
August while only the nursery in late July and rSieptember (Table 24; Figure 6).
Intraspecific associations resulted not significant

Predaceous thrips were also observed in both thegenuand the hedgerow where
populations were aggregated in late June and mglisiu (Table 24; Figure 6). An
additional aggregative pattern was seen in the éreagin early July. Population densities
peaked in July and August (Figure 6). Intraspe@Bsociation showed to be significant in
the first half of July (Table 26).
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Table 26 - Results of association test (Perry & dbix 2002) of Aeolothrips spp.
populations in greenhouse OFN during 2012.

Aeolothrips spp.

ot 28-Jun  08Jul  18Jul  28-Jul  18-Aug 28-Aug  08-Sep
®oop p p p p p p

18-Jun
28-Jun
08-Jul 0.0004

18-Jul
28-Jul 0.0001
18-Aug
28-Aug
08-Sep

Aeolothrips spp.

Table 27- Results of interspecific association tg&trry & Dixon, 2002) betweek.
occidentalisandT. tabacipopulations in OFN during 2012. Grey cells indicagsociation

test performed on spatial patterns observed isdnee date.

T. tabaci
dat 18Jun  28-Jun  08Jul  18-Jul  28-Jul  18-Aug 28-Aug  08-Sep
ae P p P p P P P P
—  18Jun
O+
ot 28Jun
o 08l 00178 0.0243
S 18-Jul 0.0158  0.0088 0.0011
= 28l 0.0222  0.0001 0.0009
_g 18-Aug 0.0075 0.0082  0.0002
O 8Aug  0.0009
o
o 08Sep
L. 18-Sep

Predatory bugs were commonly observed inside tbe noirsery and less frequently in
the hedgerow (Figure 6). Population densities peaéie the end of summer when
significant spatial patterns occurred inside thesery (Table 24; Figure 6). Intraspecific

spatial analysis revealed no significant similagtin the distribution oOrius population
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among sampling dates.

Significant interspecific associations were fouredweenF. occidentalisandT. tabaci
in July (Table 27). Significant associations imsttle nursery involveB. occidentalisand
predatory thrips (Table 28), but especiaby occidentalisand Orius spp. (Table 29).
Additional associations were reported betw&etabaciand predatory thrips (Table 30) or
Orius spp. (Table 31)Aeolothripsspp. was also positively associated withus spp. in

July, August and September (Table 32).

Table 28 - Results of interspecific associatiort {€erry & Dixon, 2002) betweekf.
occidentalisand Aeolothripsspp. populations in OFN during 2012. Grey cells indicate

association test performed on spatial patternsrebden the same date.

Aeolothrips Spp.
. 18-Jun  28-Jun  08-Jul  18-Jul  28-Jul 18-Aug 28-Aug 08-Sep 18-Sep
p p P P P p P p p
_ 18dun
o 28dun
o 0l 0.0064
S 18l 0.0001 = 0.0009
= 28wl 0.0001  0.0003 0.0021
§ 18-Aug 0.0001  0.0015
S 28Aug 0.007 00016 0.0233
z 08-Sep
18-Sep 0.0229
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Table 29 - Results of interspecific associatiort {&erry & Dixon, 2002) betweek.
occidentalis and Orius spp. populations in OFN during 2012. Grey cellsidate

association test performed on spatial patternsrebden the same date.

Orius spp.
dat 08-Jul 28-Jul  18-Aug 28-Aug 08-Sep 18-Sep
ate P P p p p P

18-Jun
6: 28-Jun
O+
~ 08-Jul
2
S 18-Jul 0.0098 0.0045
L)
g 28-Jul 0.0186 0.0049
% 18-Aug  0.0177  0.0199 0.0001
8 28-Aug 0.0119
W 08-Sep 0.0211

18-Sep 0.0004

Table 30 - Results of interspecific association (Berry & Dixon, 2002) betweeh. tabaci
and Aeolothripsspp. populations in OFN during 2012. Grey celldaatk association test
performed on spatial patterns observed in the shate

Aeolothrips spp.
o BN 28Jun OB 180l 280 18Aig 28Aig 0BSep 18Sep
p p p p p p p p p
18-Jun 0.0067 0.0021 0.015
28-Jun 0.0001  0.009 0.0062
— 08l 0.0054
> 18 0.0004 | 0.0002
= 2
= igAug 00176 0.0038
= BAy
08-Sep
18-Sep 0.0001
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Table 31 - Results of interspecific association Bsrry & Dixon, 2002) betwe€h. tabaci
and Orius spp. populations in OFN during 2012. Grey cells indicatgsociation test

performed on spatial patterns observed in the shate

Orius spp.
date 08-Jul  28-Jul 18-Aug 28-Aug 08-Sep 18-Sep
P P P P P P
18-Jun 0.0001
28-Jun
— 08-Jul
O
(o] 18-Jul 0.0001
= 28l
..-: 18-Aug
= 28-Aug
08-Sep
18-Sep 0.0001

Table 32 - Results of interspecific associationt t@#2erry & Dixon, 2002) between
Aeolothrips spp. andOrius spp. populations in OFN during 2012. Grey cellsiaate

association test performed on spatial patternsrebden the same date.

Orius spp.
08-Jul 28-Jul 18-Aug  28-Aug 08-Sep  18-Sep
date P P P P P P
. 18-Jun
2 28-Jun 0.0239
n 08-Jul 0.0157 0.0015 0.9883  0.0003
3 18-Jul 0.0167 0.0069
'E 28-Jul
"5 18-Aug 0.0044
3 28-Aug 0.0223
<QEJ 08-Sep
18-Sep 0.9784 0.0001
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Spatial and temporal dynamicsin 2013

F. occidentaliswas commonly detected in the greenhouse GH1, teggiéntly in the
contiguous hedgerow (Figure 7). Thrips numberhiéndgreenhouse increased from April to
July, then declined probably because of plant mgitpractices. Population were strongly
aggregated inside greenhouse from late June toy e@dgust with hotspots in
correspondence of the southern side and gaps iardeefacing the hedgerow (Table 33;
Figure 7). A strong similarity among populationtdisution was observed in a number of

sampling dates (Table 34).
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Figure 7 - Spatial patterns d&f. occidentalis T. tabacj Aeolothrips spp., Orius spp.
populations in the greenhouse GH1 on selected sagngdhtes during 2013. Black areas
correspond to patch j(w 1.5) whilst grey correspond to gag (- 1.5). Letters ‘H’, ‘C’,
‘G’ indicate ‘hedgerow’, ‘corridor’, and ‘greenhoeisrespectively. Points inside or outside

greenhouse correspond to locations of traps wigbdhcaptures.
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Table 33 - index (1) and associated probabilitydpl-. occidentalisT. tabacj Aeolothrips
spp. andOrius spp. populations in greenhouse GH1 and its sudiogs during 2013.

GH1

F. occidentalis (22) T. tabaci Aeolothrips spp. Orius spp.
| P | P | P | P

date

10-apr
25-apr
10-May
25-May
10-June
25-June  1.752 0.0008
10-July 1.704 0.004 213 0.0008
25-July 1.678 0.0024 2.126 0.0008 1.553 0.0128

10-Aug  1.638 0.0176 1.483 0.0401 1.949 0.0008
25-Aug 1.788 0.0072 2.07 0.0008
10-Sept 1.528 0.0313 1.953 0.0032 1.951 0.0008

Table 34 - Results of association test (Perry &dDix2002) ofF. occidentalispopulations
in greenhouse GH1 during 2013.

F. occidentalis (99)
25-Apr  10-May 25-May 10-Jun  25-Jun  10-ul  25-Jul  10-Aug  25-Aug  10-Sep
p p p p p p p p p p
10-Apr 0.0059 0002 0.01%4
25-Apr
10-May
25-May 0.0022 0.0245
10-Jun 00113 0023
25-Jun 0.0093  0.0062
10-Jul
25-Jul
10-Aug 0.0007  0.0117
25-Aug 0.0006
10-Sep

date

F.occidentalis (99)

T. tabaci was rarely detected in spring. Populations wergregated in July and
September in the hedgerow, from late August toyeSdptember inside the greenhouse
(Table 33; Figure7). A similarity between the sphdistributions ofT. tabacipopulation
was observed in July (Table 35).
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Table 35 - Results of association test (Perry &Dix2002) for ofT. tabacipopulations in
greenhouse GH1 during 2013.

T. tabaci

10-May 25-May 10-Jun  25-Jun  10-Jul  25-Jul  10-Aug  25-Aug  10-Sep
p p p p p p p p p

date

10-Apr

10-May 0.0032

25-May

10-Jun

25-Jun

10-Jul 0.0001
25-Jul

10-Aug

25-Aug

10-Sep

T.tabaci

Predaceous thrips were rarely detected until mig-ddside and outside the greenhouse
(Figure7). Then populations increased and showdx taggregated in the hedgerow in late
July, early August and early September (Table 3@urie7). Gaps were located in the side
of GH2 facing to other greenhouses. Intraspecs®oaiation did not evidence significant
patterns.

Anthocorids were detected only in the hedgerow whaopulations were aggregated
from early August to early September (Table 33;ured). A stable spatial structure was

evidenced in August (Table 36).

Table 36 - Results of association test (Perry &dnix2002) of Orius spp. populations in
greenhouse GH1 during 2013.

Orius spp.
25-Aug 10-Sep
date p p

10-Aug  0.0001  0.0002

25-Aug 0.0001

Orius spp.
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F. occidentalisandT. tabacipopulations were found to be positively associsietveen
May and June inside the greenhouse (Table 37).tiRosassociations betweeR.
occidentalisandAeolothripsspecies populations were observed in early MaylaiedJune
inside the greenhouse, in late August in correspooel of the hedgerow (Table 38).
Additional positive associations were detected ketwl. tabaciand Aeolothripsspp. in
early August (Table 39), and betwe&ntabaciandOrius spp. in early August and early
September (Table 40). These associations occunrékei hedgerow. Similar trends were
seen regarding the association betw&enlothripsspp. andOrius spp. populations (Table

41).

Table 37 - Results of interspecific associatiort {€erry & Dixon, 2002) betweekf.
occidentalisandT. tabacipopulations in GH1 during 2013. Grey cells indicagsociation

test performed on spatial patterns observed iisdnee date.

T. tabaci
e AT DOV BMay ldn o Bdn  W0W S A BAug 105ep
q®p p p p p p p p p p
10-Apr
or DApr
2r 10-May
v 25-May 0.0073
= 10n 00153 0,018
= 25-Jun 0.0062
L g0l
=i
S Bl 0019
S 10-Aug
W g 0.019
10-Sep 0.0077
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Table 38 - Results of interspecific associatiort {&erry & Dixon, 2002) betweek.
occidentalisand Aeolothrips spp. populations in GH1 during 2013. Grey cells indicate

association test performed on spatial patternsrebden the same date.

Aeolothrips spp.
date 10-May 25-Jun  10-Jul  25-Jul  10-Aug 25-Aug 10-Sep
P P P P P P P
10-Apr
- 25-Apr
ot 10-May | 0.0025
“ 25-May  0.0051 0.0087
S 10un 0.0029
% 253un 0.0001 | 0.0138
_‘9 10-Jul
o 25-Jul
© 10-Aug 0.002
L 25-Aug 0.0026
10-Sep 0.014

Table 39 - Results of interspecific association (Berry & Dixon, 2002) betweeh. tabaci
and Aeolothripsspp. populations in GH1 during 2013. Grey cellddaate association test
performed on spatial patterns observed in the states

Aeolothrips spp.

10-May 25-dun  10-Jul  25-Jul 10-Aug 25-Aug  10-Sep
P P P P P P P

date

10-Apr

10-May
25-May

10-Jun

25-Jun 0.0109

10-Jul

25-Jul

10-Aug 0.0003
25-Aug

10-Sep 0.0201

T. tabaci
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Table 40 - Results of interspecific associatiort (€erry & Dixon, 2002) betweenT.
tabaciand Orius spp. populations in GH1 during 2013. Grey celldaatk association test
performed on spatial patterns observed in the shate

Orius spp.

10-Aug 25-Aug 10-Sep
P P P

date

10-Apr
10-May
25-May
10-Jun
25-Jun
10-Jul
25-Jul
10-Aug 0.0002 0.0003 0.0008
25-Aug
10-Sep 0.0249

T tabod

Table 41 - Results of interspecific associationt t@2erry & Dixon, 2002) between
Aeolothrips spp. andOrius spp. populations in GH1 during 2013. Grey cells indicate

association test performed on spatial patternsrebeden the same date.

Orius spp.
date 10-Aug 25-Aug 10-Sep
P P P
10-VViay
& 25-Jun
ﬂ 10-Jul
.g 25-Jul
10-Aug
Q 25-Aug
10-Sep 00,0001 00,0001 0, 0001

In spring, F. occidentaliswas detected at low population densities in theeghouse
GH2 and its surroundings (Figure 8). Populatiortgsgased in summer but declined from
August onwards because most of flowering ornamgniare removed (Figure 8). No
significant spatial patterns were observedAooccidentalidgemales in this scenario (Table
42; Figure 8) but aggregation was seen for maleearly May. A single case of

intraspecific association among thrips female papohs was observed in July (Table 43).
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Figure 8 - Spatial patterns &f. occidentalis T. tabacj Aeolothrips spp., Orius spp.
populations in the greenhouse GH2 on selected sagngates during 2013. Black areas
correspond to patch j(» 1.5) whilst grey correspond to gag & - 1.5). Letters ‘H’, ‘C’,

‘G’ indicate ‘hedgerow’, ‘corridor’, and ‘greenhoeisrespectively. Points inside or outside
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Table 42 - Aggregation index (I) and associatedabdity (p) of F. occidentalisT. tabacj
Aeolothripsspp. andDrius spp. populations in greenhouse GH2 and its sudiogs during
2013.

GH?2
date F. occidentalis (23) T. tabaci Aeolothrips spp. Orius spp.
| P | P | P | P

10-apr

25-apr

10-May

25-May

10-June

25-June

10-July

25-July 1.361 0.0345 1.426 0.0224

10-Aug 1.476 0.012 1.565 0.004
25-Aug 1.403 0.0216 1.501 0.0032 1.48 0.012
10-Sept 1.292 0.0457 1.39 0.0224

Table 43 - Results of association test (Perry &dDix2002) ofF. occidentalispopulations
in greenhouse GH2 during 2013.
F. occidentalis (29)

10-May 25-May 10-Jun  25-Jun  10-Jul  25-Jul 10-Aug 25-Aug 10-Sep
P P P P P P P P P

date

25-Apr
10-May
25-May
10-Jun
25-Jun
10-Jul 0.0014
25-Jul
10-Aug
25-Aug
10-Sep

F.occidentalis (29)

T. tabacioccurred at low levels in spring then capturesaased until early August
(Figure 8). Significant aggregations were obsernveldte July and late August (Table 42;
Figure 8), the former occurring inside greenhousel #he latter in the hedgerow.
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Similarities in the distribution of. tabacipopulations were observed in May, July and
September (Table 43).

Table 44 - Results of association test (Perry &dnix2002) ofT. tabacipopulations in
greenhouse GH2 during 2013.
T. tabaci

10-May 25-May  10-Jun  25Jun  10-Jul  25-Jul  10-Aug  25-Aug  10-Sep
P P P P P P P P P

date

25-Apr

10-May 0.0237

25-May

10-Jun 0.0221

25-Jun

10-Jul 0.0161

25-Jul

10-Aug

25-Aug 0.0001
10-Sep

T.tabaci

Aeolothris spp. were detected in the greenhouse as wetl teeihedgerow but their
numbers increased in July (Figure 8). Populatioesevaggregated inside the greenhouse in
late July, in both greenhouse and hedgerow in Agudy in the hedgerow in September
(Table 42; Figure 8). Intraspecific association wagiificant only in late summer (Table
45).
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Table 45 - Results of association test (Perry &dbix2002) for ofAeolothrips spp.
populations in greenhouse GH2 during 2013.
Aeolothrips spp.

10-May  25-Jun  10-Jul 25-Jul  10-Aug  25-Aug  10-Sep
P P P P P P P

date

25-Apr

10-May

25-Jun

10-Jul

25-Jul

10-Aug

25-Aug 0.0001

Aeolothrips spp.

Orius spp. were detected mostly in the hedgerow, somestimside the greenhouse
(Figure 8). Populations were aggregated in lateusugvhen patches extended from the
hedgerow to the first sector of the greenhousel€T4D; Figure 8)). Additional aggregation
patterns were noticed in the hedgerow in late Augnsl early September (Table 42). A

similarity in Orius spp. distributions was observed in late summebl€ras).

Table 46 - Results of association test (Perry &dbix2002) ofOrius spp. populations in
greenhouse GH2 during 2013.

Orius spp.
dat 25-ago  10-set
ate P P

10-Aug 0.0249 0.0131

25-Aug 0.0009

Orius spp.
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F. occidentalisand T. tabacipopulations were positively associated in Julydeghe

greenhouse and in September in the hedgerow (Bahld-. occidentaliswas associated
with Orius spp. from 25 August to 10 September in the hedgdiiable 48) whereak.

occidentalisand Aeolothrips spp. were never associatel. tabaci was associated with

Aeolothripsspp. in late August (Tables 49), and wihius spp. in late August and early

September (Table 50). Both situations occurredhe tedgerow wheréeolothripsspp.

was associated wit@rius spp. in late August and early September (Tablg 51

Table 47- Results of interspecific association test (Pe&ryDixon, 2002) betweerf.

occidentalisandT. tabacipopulations in GH2 during 2013. Grey cells indicassociation

test performed on spatial patterns observed isdnee date.

T. tabaci

date

25-Apr

p

p

10-May  25-May

p

p

10-Jun

25-Jun

p

10-Jul  25-ul  10-Aug  25-Aug  10-Sep

P P p P P

10-Apr
25-Apr
10-May
25-May
10-Jun
25-Jun
10-Jul
25-Jul
10-Aug
25-Aug
10-Sep

F.occidentalis (29)

0,0084

0,007
0,021

0,0103 0,000
0,0015
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Table 48 - Results of interspecific associatiort {&erry & Dixon, 2002) betweek.
occidentalis and Orius spp. populations in GH2 during 2013. Grey cellsligate

association test performed on spatial patternsrebden the same date.

Orius spp.
10-Aug 25-Aug 10-Sep
date p p p

or 10-Jun

@ 25-J

0 -Jun
ke 10-Jul
§ 25-Jul

. 10-Aug

§ 25-Aug 0.0008 0.0042
W 10-Sep 0.0001 0.0001

Table 49 - Results of interspecific associatiort (€erry & Dixon, 2002) betweenT.
tabaci and Aeolothrips spp. populations in GH2 during 2013. Grey cellsiaate
association test performed on spatial patternsreeden the same date.

Aeolothrips spp.

25-Apr  10-May 25Jdun  10dul  25Jul  10-Aug 25-Aug  10-Sep
P P P P P P P P

date

25-Apr
10-May
25-May
10-Jun
25-Jun
10-Jul
25-Jul
10-Aug
25-Aug 0.0001
10-Sep

T. tabaci
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Table 50 - Results of interspecific association (Bsrry & Dixon, 2002) betweeh. tabaci
and Orius spp. populations in GH2 during 2013. Grey cellsigatk association test

performed on spatial patterns observed in the shate

Orius spp.
date 10-Aug 25-Aug 10-Sep
P P P
10-Jun
25-Jun 0.004
'Q 10-Jul
:gé 25-Jul
- 10-Aug
25-Aug 0.0249 0.0001 0.0001
10-Sep 0.0001 0.0001

Table 51 - Results of interspecific associationt t@2erry & Dixon, 2002) between
Aeolothrips spp. andOrius spp. populations in GH2 during 2013. Grey cellsiaate

association test performed on spatial patternsreeden the same date.

Orius spp.
dat 10-ago 25-ago 10-set
ate P P P

o 10-lu
o g
n
%) 25-lu
g8 s
S 10
5 -ago
9
8 25-ago 0.0001 0.0001
< 10-set 0.0001 0.0001
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In the first sampling dates;. occidentaliswas observed in the greenhouse GH3 rather
than in its surroundings (Figure 9). Thrips capgureside the greenhouse increased in June
and July. Population showed to be aggregated frarty &ay onwards (Table 52; Figure
9). Hotspots location varied in space but moshefit were located inside the greenhouse,
sometimes outside but close to the main entrieslied in the northeastern corner. Gaps
were located especially on the eastern and sousides facing to the hedgerow and the
orchard (Figure 9). Similarities in the distributiof thrips populations were found in all

sampling dates (Table 53).
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greenhouse correspond to locations of traps wibdncaptures.

Figure 9 - Spatial patterns &f. occidentalis T. tabacj Aeolothrips spp., Orius spp.
populations in the greenhouse GH3 on selected sagngates during 2013. Black areas
correspond to patchi(w 1.5) whilst grey correspond to gag €- 1.5). Letters ‘H’, ‘C’,

‘G’ indicate ‘hedgerow’, ‘corridor’, and ‘greenhoeisrespectively. Points inside or outside




Table 52 - Aggregation index (I) and associatedabdity (p) of F. occidentalisT. tabacj
Aeolothripsspp. andDrius spp. populations in greenhouse GH3 and its sudiogs during
2013.

GH3
date F. occidentalis (3 %) T. tabaci Aeolothrips spp. Orius spp.
| P | P | P | P
10-apr
25-apr 1.342 0.0473

10-May 1.559 0.0096

25-May 1.327 0.0473

10-June  1.434 0.0248

25-June  1.953 0.0008 1.316 0.024
10-July 2.182 0.0008 1.782 0.0008 1.498 0.012

25-July 1.863 0.0008 1.418 0.0304

10-Aug 1.432 0.0064

25-Aug 1.616 0.0032 1.522 0.0096
10-Sept  1.583 0.008 1.475 0.0152

Table 53 - Results of association test (Perry &dDix2002) ofF. occidentalispopulations
in greenhouse GH3 during 2013.

F. occidentalis (29)
25-Apr  10-May 25-May 10-Jun  25-Jun  10-Jul  25-Jul  10-Aug 25-Aug 10-Sep

dae P p p P P p P P P

l0Apr 00004 00005 00071 00013 0022 0.0163 0.0583
o BAp 0.0001 00001 00001 00001 00001 0.0074 0.0022 0.0001
2 10May 0.0001 00001 00001 0.0001 0.0152 0.006
DO BMay 0.0001 0.0001 0.0001 0.0049 0.001
< 103 0.0001  0.0004 0.0098 0.0001
S % 0.0001  0.0001 0.0001
= 10 0.0009 0.0032 00213 0.0001
< Bl 0.0001 0.0002 0.0007
©  10Aug 0.0001  0.0001
L 25Aug 0.0001

10-Sep
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T. tabacipopulation was observed both inside and outsiderdrouse (Figure 9). Thrips
abundance increased from June onwards. Hotspots aetected first (late April) in the
greenhouse then (July and September) from the lgoese to the contiguous orchard
(Table 52; Figure 9). Intraspecific associationgevgignificant in late June and from the

end of July onwards (Table 54).

Table 54 — Results of association test (Perry &oDjx2002) ofT. tabacipopulations in
greenhouse GH3 during 2013.

T. tabaci
25-Apr  10-May 25-May  10-Jun  25-Jun  10-Jul  25-Jul  10-Aug  25-Aug  10-Sep
P P p p P P p p P P
10-Apr 0.0002 0.0001
25-Apr 0.0058
10-May 0.0001
25-May
10-Jun
25-Jun 0.003
10-Jul
25-Jul 0.0057 0.0015 0.0141
10-Aug 0.0241  0.0075
25-Aug 0.0019
10-Sep

date

T.tabaci

Captures of predatory thrips were low in springeyibecame significant in July when
Aeolothripids were aggregated in the southern sfdbe greenhouse (Table 51; Figure 9).
Similarity in the distribution of thrips populatisrover time was noticed from late June to
early July (Table 54).
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Table 55 - Results of association test (Perry & dbix 2002) of Aeolothrips spp.
populations in greenhouse GH3 during 2013.

Aeolothrips spp.
date 10-Jun 25Jun  10-Jul  25-Jul  10-Aug  25-Aug  10-Sep
P P P P P P P

o 10-May 0.001 0.0059 0.0007
o 10-Jun 0.003
© 25-Jun 0.0001 0.007  0.0001
2 10-Jul 0.0139 0.0007 0.0196
= 5 0.0114
E 10-Aug
o 25Aug
<< 10-Sep

Orius spp. colonized the greenhouse in late summer leué wommonly found in its
surroundings. Populations were aggregated in late &h correspondence of the hedgerow
and in late August in the fruit orchard (Table BRjure 9). Intraspecific association among
populations was significant in spring and summeb{& 56).

Table 56 - Results of association test (Perry &dbix2002) ofOrius spp. populations in
greenhouse GH3 during 2013.

Orius spp.
date 10-May  25-Jun  10-Aug  25-Aug  10-Sep
P P P P P

) 10-Apr  0.0001
=  10-May 0.0018  0.0048
w 25-Jun 0.0001 0.0128
g 10-Aug 0.0001
" 25-Aug 0.0001
O 10-Sep
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Table 57 - Results of interspecific associatiort {€erry & Dixon, 2002) betweekf.
occidentalisandT. tabacipopulations in GH3 during 2013. Grey cells indicassociation

test performed on spatial patterns observed isdnee date.

T. tabaci
10-Apr  25-Apr 10-May 25-May 10Jun  25-Jun  10-ul  25-ul  10-Aug  25-Aug  10-Sep

date

10-Apr 0.0001 0.0002

25-Apr 0.0001

10-May 0.0001

25-Apr 0.013

10-Jun 0.0001

25-Jun

10-Jul 0.0006

25-Jul 0.0024
10-Aug 00207 0.009  0.0001
25-Aug 0.0001 ' 0.0149 0.0149
10-Sep 0.0074 0.0178 0.0005

F.occidentalis (99)

Table 58 - Results of interspecific associatiort {€erry & Dixon, 2002) betweekf.
occidentalis and Orius spp. populations in GH3 during 2013. Grey cells indicate

association test performed on spatial patternsrebden the same date.

Orius spp.
dat 10-Apr 10-May 25-Jun 10-Aug 25-Aug 10-Sep
ate p p p P p p

10-Apr 0.0001 0.0001
25-Apr 0.0036
10-May
25-May
10-Jun
25-Jun
10-Jul
25-Jul
10-Aug
25-Aug
10-Sep

F. occidentalis (29)
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Table 59 - Results of interspecific association (eerry & Dixon, 2002) betweeh. tabaci

and Aeolothripsspp.populations in GH3 during 2013. Grey cells indicagsociation test

performed on spatial patterns observed in the shate

Aeolothrips spp.
iae 1My 10un 25 104l 25l 10Aug 25Aug  10:Sep
p p p p p p P P
10-Apr  0.0001 0.0081 0.0012 0.0001 0.0178  0.0001
25-Apr  0.0004
10-May = 0.0137 0.0012 0.0017
S 25-May
@ 10-Jun
S 25un 0.015 0.0032
= 10l 0.0002 | 0.0001 0.0074 0.0002 0.0189
= 25l
10-Aug
25-Aug 0.0028 0.0241
10-Sep

Table 60 - Results of interspecific associatiom srry & Dixon, 2002) betweeh. tabaci

and Orius spp. populations in GH3 during 2013. Grey cellsigatk association test

performed on spatial patterns observed in the shate

Orius spp.
date 10-Apr 10-May 25-Jun 10-Aug 25-Aug 10-Sep
P P P P P P
10-Apr 0.0001 0.0001 0.0001
25-Apr  0.0001
10-May 0.0179 0.0001
‘5 25-May
] 10-Jun  0.0055 0.0122
'c% 25-Jun
- 10-Jul 0.003  0.0001
= 25-Jul 0.0133 0.0012 0.0079
10-Aug
25-Aug 0.0051
10-Sep

Table 61 - Results of interspecific associationt {Egrry & Dixon, 2002) betwee@rius
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spp. andAeolothripsspp, populations in GH3 during 2013. Grey cellsagate association
test performed on spatial patterns observed iisdnee date.

Orius spp.
10-Apr  10-May  25-Jun  10-Aug 25-Aug  10-Sep
date p P p p P
o 10-May 0,000 0,0001 0,000
o 10-un 0,0085
v« 25-Jun 0,0001
2 10l 0,0078 0,095 0,0001
<= 25-Jul 0,0133
S 10-Aug 0,02 | 0,0164
S  25Au 0,0006 0,0001 ' 0,0001
<T  10-Sep 0,0001 | 0,0001

F. occidentalisandT. tabacipopulations were associated in spring in variamming
dates and in most cases inside greenhouse (Tapl&.5Fccidentaliswas also associated
with Orius spp. in spring (Table 58) but not with predatdgigs. T. tabaciwas positively
associated wittAeolothripsspp. inside greenhouse (Table 59) and \@tius spp. in the
fruit orchard (Table 60). Additional associatiorvatved predatory thrips and predatory
bugs (Table 61).

In the open field nursery a low numberFafoccidentalisfemales were captured in the
hedgerow in spring. Then thrips colonized the ofpeld nursery reaching relatively high
populations in June and July (Figure 10). Poputatiovere aggregated in late June, early
August and early September with hotspots occuningursery areas close to other rose
plots (Table 61; Figure 10). Similarities betweewpylation distribution over time were
found in late July and early August (Table 62).

91



25 June

10 July

25 July

10 August

25 August

10 September

F. OCCIDENTALISQQ)

T. TABACI

AEOLOTHRIPSPP.

ORIUSSPP.

o

NO CAPTURE

NO CAPTURE

o O O O

Jd = °
o O
(¢
(o)
O o©
C o
° [e]
o ® @

92

d

Figure 10 - Spatial patterns & occidentalis T. tabacj Aeolothrips spp., Orius spp.
populations in the greenhouse OFN on selected sagngates during 2013. Black areas
correspond to patch(w 1.5) whilst grey correspond to gap €- 1.5). Letters ‘H’, ‘'C’,
‘G’ indicate ‘hedgerow’, ‘corridor’, and ‘greenhoeisrespectively. Points inside or outside

greenhouse correspond to locations of traps wgbdhcaptures.



Table 62 - Aggregation index (I) and associatedabdity (p) of F. occidentalisT. tabacj
Aeolothrips spp. andOrius spp. populations in greenhouse OFN and its sudiogs
during 2013.

OFN
date F. occidentalis (3 ) T. tabaci Aeolothrips spp. Orius spp.
P | P | P | P
10-apr
25-apr
10-May
25-May
10-June
25-June 2.153 0.0008 1.653 0.0072
10-July 1.863 0.0032
25-July 2.031 0.0008 1.785 0.0032
10-Aug 1.443 0.0401 1.779 0.0056
25-Aug 1438  0.0353
10-Sept 1.517 0.0192 1.582 0.0144 1.817 0.0024

Table 63 - Results of association test (Perry &dnix2002) ofF. occidentalispopulations
in greenhouse OFN during 2013.

F. occidentalis (29)

25-Jun 10-Jul 25-Jul 10-Aug  25-Aug  10-Sep
2 2 2 2 P P

date

10-Jun

25-Jun 0.0127 0.0002
10-Jul

25-Jul 0.0028

10-Aug 0.0167
25-Aug

F. occidentalis (99)

10-Sep

T. tabaciwas found first in the hedgerow, then also in tioesery (Figure 10). High
captures were detected from June to August. Tipgpsilation distribution was found to be

aggregated from late June to late July (Table 6#) fotspots involving both the nursery
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and the hedgerow (Figure 10). Similarity in thetrdsition of T. tabacipopulations over

the time was observed in early and mid-summer €&B).

Tab 64 - Results of association test (Perry & Dixa002) of T. tabaci populations in
greenhouse OFN during 2013.

T. tabaci

10-Jul 25-Jul 10-Aug  25-Aug  10-Sep

P P P P P
25-Jun  0.0047 0.005
10-Jul
25-Jul
10-Aug 0.0134
25-Aug
10-Sep

date

T. tabaci

Predaceous thrips were observed in the hedgerodume, then they moved in the
nursery (Figure 10). Thrips population reached highest levels from July to August.
Populations showed to be aggregated from late tdulgarly September (Table 62) with
most of patches inside the nursery (also in thegéexlv in late August) (Figure 10).
Similarity in the distribution of thrips populatiaver the time was registered between July
and August (Table 65)
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Table 65 — Results of association test (Perry & oDjx2002) of Aeolothrips spp.
populations in greenhouse OFN during 2013.

Aeolothrips spp.
dat 10-Jul 25-Jul 10-Aug  25-Aug  10-Sep
ate p p p P p

o 25-Jun

o

» 10-Jul

7))

2 25-Jul 0.0003

S 10-Aug

S

o 25-Aug

Q

< 10-Sep

Orius spp. populations were observed in both the nuraadythe hedgerow from late
July onwards (Figure 10). Aggregative patterns warewn inside the nursery in early
September (Table 62). A significant population gpagtructure was observed from late
July to late August (Table 66) (Figure 10).

F. occidentalis population was found to be positively associateith W. tabaci
population in early July in the hedgerow (Table.&7)occidentalisvas also observed to be
positively associated with predatory thrips in gaflugust and early September; this
phenomenon occurred inside and outside the nur¢€aple 68). Significant overlapping
population distributions were observed betwEenccidentalisandOrius spp. populations
in the nursery in early September (Table @9)tabaciwas associated with predatory thrips
in late July and early August (Table 70), and vattthocorids in early August (Table 71).
These associations were found in the nursery. liyinal positive association was found
between the two beneficials (Table 61).
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Table 66 — Results of association test (Perry &0Djx2002) ofOrius spp. populations in
greenhouse OFN during 2013.

Orius spp.
10-Aug 25-Aug 10-Sep

date
o
% 25-Jul 0.001 0.0043
0P
E 10-Aug 0.0191
6 25-Aug

Table 67 - Results of interspecific associatiort {&erry & Dixon, 2002) betweek.
occidentalisandT. tabacipopulations in OFN during 2013. Grey cells indicagsociation

test performed on spatial patterns observed isdnee date.

T. tabaci
dat 25-Jun 10-Jul 25-Jul 10-Aug  25-Aug  10-Sep
ate P P P P P P
or 25-Jun
<t
- 10-Jul  0.0066 ' 0.0018
5 25-Jul
S
S 10-Aug
o 25-Aug
o
w 10-Sep
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Table 68 - Results of interspecific associatiort {€erry & Dixon, 2002) betweekf.
occidentalisand Aeolothrips spp. populations in OFN during 2013. Grey cells indicate

association test performed on spatial patternsrebden the same date.

Aeolothrips spp.
e N 10 25 10Aug 5Aug 10Sep
ae p p p p p p p
o 10-un
Ot
~  25un
0
E 10-Jul
= 25l 0.0154
[\5)
S 10-Aug 0.0004
(@)
P 25-Aug 0.0104
o 10-Sep 0.0182

Table 69 - Results of interspecific associatiornt {&erry & Dixon, 2002) betweeh.
occidentalis and Orius spp. populations in OFN during 2013. Grey cells indicate

association test performed on spatial patternsrebden the same date.

Orius spp.
dat 25-Jul 10-Aug 25-Aug 10-Sep
ate P P P P

oF 25-Jun 0.0138
&t
% 10-Jul
—
g 25-Jul
3 10-Aug
8 25-Aug
Q
w 10-Sep 0.0087
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Table 70 - Results of interspecific association Bsrry & Dixon, 2002) betwe€h. tabaci
and Aeolothripsspp. populations in OFN during 2013. Grey cellddaate association test

performed on spatial patterns observed in the shate

Aeolothrips spp.
4 25-Jun  10-ul  25Jul  10-Aug  25-Aug  10-Sep
ae ) p p p p p
25-Jun 0.0045
‘o 10-l 0.0219
(q]
S s 0.0035
S 10-Aug 0.0055 1 0.0019
L 25Aug 0.0106
10-Sep 0.0215

Table 71 - Results of interspecific association Berry & Dixon, 2002) betweeh. tabaci
and Orius spp. populations in OFN during 2013. Grey cellsidate association test

performed on spatial patterns observed in the shate

Orius spp.
date 25-Jul 10-Aug  25-Aug  10-Sep
P P P P
25-Jun
'S 10-Jul  0.0008
S 25l 0.0165
S  10Aug 0.0061 0.0178
~ 25-Aug
10-Sep
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Table 72 - Results of interspecific associationt t@2erry & Dixon, 2002) between
Aeolothrips spp. andOrius spp. populations in OFN during 2013. Grey cellsidate

association test performed on spatial patternsrebden the same date.

Orius spp.
dat 25-Jul 10-Aug 25-Aug 10-Sep
ate P P P P

o 25-Jun 0.01

Q

v 10-Jul

(%5

% 25-Jul 0.0247  0.0162 0.029

% 10-Aug  0.0003 = 0.0001

E 25-Aug  0.0023 0.0052

< 10-Sep 0.0014
Discussion

This study focused on the spatial and temporal myeg of phytophagous thrips and
their predators in a number of sites devoted todllévation of ornamentals in a farm
located in northern Italy. The selection of sitemsvbased on their level of interaction with
external environment: the first greenhouse was egpemly at the roof in warmer days, the
second on one side, the third on three sides amdast site was an open field nursery.
Selected sites were surrounded by hedgerows atidatatl plots. Their potential support
in enhancing arthropod exchanges, in particularctiienization by pests and their natural
enemies was evaluated.

Monitoring focused on adult stages of phytophagtiusps and their antagonists
captured on traps, and thus information on poporastructure is lacking. Nevertheless,
adults were the most appropriate life stages tdliglgt potential arthropod exchanges
between cultivated areas and their surroundingss @pproach provided an interesting

picture of insect population dynamics in space tand.
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F. occidentaliswas detected more continuously in the greenhoaiséshe nursery than
on the hedgerows and outside crops both in 2012imr#013. In spring the pest was
recorded inside the greenhouses or near the mairs dioat connected experimental plots
with compartments devoted to plant cultivationagistic services. Outside greenhouBes
occidentaliswas seldom detected in spring and summer. Thisyaamtrend showed some
variation among the cultivation scenarios.

In the greenhouse GH1, in which lateral openingeewet present:. occidentalisvas
detected indoor from spring to summer, rarely ootdm summer. Populations [both
females and males (data not reported)] were agtpegaside the greenhouse from June to
July in 2012 and from June to August in 2013 wigdgs were detected in the area facing
to the hedgerow. The analysis of intraspecific eission highlighted a stable population
spatial pattern during summer. These observatioggest that hotspots originated from the
contiguous greenhouses (presumably infested byp#sd rather than from outside where
captures were low and delayed in comparison toethesorded inside the greenhouse.

This situation was somewhat similar to that obsgimethe greenhouse GH2, opened on
the side facing the hedgerof. occidentaliswas detected inside the greenhouse in spring
and summer, less commonly outside in the lattao@ein contrast with previous scenario,
female populations were never aggregated. Integdgtmales were aggregated in May (in
both years) in the area close to other greenhacarsggyaps occurred in the area facing to
the hedgerow. Trends in male spread seem to conlffianthrips colonization originated
from the contiguous greenhouses rather than frarothside where the pest was captured
in few dates and with low numbers (data not regdrtén this cultivation scenario
population densities were lower than in the presione and no associations were observed
amongF. occidentaligpopulations over the time. Insecticide use canrplagn differences
observed in pest densities and distribution padteetween GH1 and GH2 greenhouses. In
2012 (June-August) insecticides were applied snes in GH1 and seven times in GH2.
One year later insecticide use was higher in GHih th GH2 greenhouses (seven vs. three
applications, respectively).

Differences between the two greenhouses could $mc@sed to cultural measures (e.g.,
cutting, removal of flowers), plant transfer, theegominance of flowering plants, and
pesticide use. The occurrence of natural enemieghrgds could represent an additional
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factor affecting differences between the two greemsks since a higher presence of
predators was observed in GH2. Probably, the imceef flowering plants represents the
main factor in determining the differences betwtentwo greenhouses. During summer an
average of 40% in 2012 and 42.2 % in 2013 of plame flowering in greenhouse GH1,
while an average of 10% in 2012 and 17% in 2018ltes in greenhouse GH2 because of
flower removal. Flowers have a key role fn occidentalisadults dispersal. They are
oriented to flowers that represent preferable $ae$seeding and oviposition (e.g., Yudin et
al., 1988; Jacobson, 1997; Kumar, 1995; Rhainds Simgp, 2003). Consequently the
status of host plant can play a role on thripsetfisgl: a positive correlation exists between
the proportion of senescent inflorescences and pilogortion of dispersing females
(Rhainds and Shipp, 2003). Studying trap plantsteBtiuis and Shipp (2006) found that
occidentalisdispersing populations are greatly attracted bwéring plants rather than by
plants in vegetative phase. The authors were leatthé conclusion that flowering trap
plants can attract and retain the insects that dvotherwise move in the greenhoube.
occidentalistends to disperse in greenhouses with least fadotosts (Robb, 1989 in
Rhainds and Shipp, 2003). Our results confirm theartance of flowers in the dispersal of
this thrips species. In GH1, with a higher preseatélowering plants,F. occidentalis
aggregated as soon as they entered the greenhohide,in GH2 the low presence of
feeding and oviposistion sites (i.e., flowers) iced the dispersal oF. occidentals
searching for more suitable sites.

The greenhouse GH3 was characterized by threalatpenings: the northern side was
partially contiguous to other greenhouses, the evestide was adjacent to a hedgerow and
the southern side to an orchard. The eastern sidewall) was connected with other
greenhouses. Hotspots were frequently recordedhennbrth-eastern corner, inside and
outside the greenhouse, close to the main entrgin®uhe season (May-October) of both
years,F. occidentaligpopulations were aggregated also in the middiée@fgreenhouse but
rarely in the area facing the hedgerow. Resultgessigagain that hotspots originated from
contiguous greenhouses rather than by the surmogndigetation. In fact, gaps extended
especially from the mid of the greenhouses to tte facing the hedgerow. Intraspecific
association was significant for long periods canfirg the persistence of thrips and the
stability of their population distribution struceum this cultivation scenario. It was highly
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infested in both years despite insecticide use gaik nine applications in 2012 and 2013,
respectively). Factors affecting the high presdayeF. occidentalispopulations in this
greenhouse need to be identified. Cultivation pcastand the dominance of flowering
plants for longtime could be major factors involveste above). Apparently, increasing
lateral openings did not reduce the impacFobccidentalisthat was likely influenced by
the dominance of flowering plant species in thidtication scenario that reached the
highest values (on average 43% and 57.14% in 28d¥rved in the greenhouse complex.

Observations in the open field nursery startecuimedin coincidence with the transfer of
targeted plant species, i.e. flowering roses. Tbege thrips colonization was delayed
compared to greenhouses. In 20E2pccidentalisvas detected first inside the nursery and
its population was much more abundant there thaharhedgerow. Populations showed to
be aggregated in June and September in areas womsigo other rose plots rather than in
the proximity of the greenhouse where gaps wergugpetly observed. Intraspecific
association highlighted an unstable populationrithistion structure. One year latéf,
occidentaliswas more frequent in the hedgerow contiguous & ribrsery but thrips
population was aggregated again in the opposite, & close to contiguous rose plots.
Population dynamics showed rarely intraspecifioaisdion events and did not appear to
be affected by insecticide use (five vs. one treatnm 2012 and 2013, respectively).

Data regarding the four cultivation scenarios ssggeat the colonization of ornamental
plots (in particular protected ornamentals) By occidentalisis poorly affected by the
uncultivated vegetation growing at their margits.dresence outside ornamental plots was
observed with a low frequency and fairly late ie $eason. This seems to suggest that in
some cases ornamental plots could act as infestatiorces for outdoor plants. Therefore,
handling of infested plants inside greenhouse cergd is likely involved in hotspots
detected in non-infested plots. The incidence @i@ring plants seems to be a major factor
enhancingF. occidentalispopulation increase (e.g., Arzone at, 1989; Higgins, 1992;
Gerin etal., 1999; de Jager et al., 1993, 1995). Adults ogiloé pollen and reproduce
actively on this food source (Kirk, 1984, 1985; chilo and Leigh, 1988; Kiers el.,
2000). Furthermore, flowers can represent a s@tsite for meeting/mating (Rosenheim et
al., 1990; Kiers et al., 2000). Flower colonizatiospecially hidden parts implies a
reduction in the impact of pesticides on herbivtineips (Robb and Parrella, 1989;
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Brgdsgaard, 1994). Data do not support a significarpact of pesticides on thrips
population dynamics. Resistance to many activeeignts have been widely reported
(Immaraju etal.,, 1992; Jensen, 2000; Bielza aL, 2007) and could explain this
phenomenon.

T. tabaciwas commonly found in the cultivated plots as veallin their surroundings.
Thrips abundance varied in space and time withifssggnt variation among experimental
scenarios.

In the greenhouse GHII. tabaci was detected first inside than outside. In 2012
populations were aggregated more frequently out@tkey, July and August) than inside
(June). One year later thrips aggregation was wbdefirst outside (July) then in both
compartments of this site. Intraspecific assocmaticas seldom observed in both years.
Data suggest thdt. tabaciadults can actively spread from uncultivateduttivated areas
and viceversa. The colonization of the greenhoysthis species could be due to cultural
practices (e.g., handling and transfer of plants) the migration from outside is also
suggested. In both years population size increfisgtdin the hedgerow and then in the
greenhouse despite the application of pesticideshé greenhouse GHE. tabaciwas
detected first inside and then outside in both giebr 2012 captures were higher in the
greenhouse than outside and rare aggregation phrasdged both compartments in late
summer. In 2013 trends inside or outside the greesd were less clear and few
aggregation phases were recorded. The reducedrencarofT. tabaciseems not to be
related to insecticide use that decreased in 20h¥ared to 2012. In April of 2012 the
occurrence ofl. tabaciwas recorded in the greenhouse GH3 as well d&s surroundings;

a first aggregation area extended from the greeséhtmthe orchard. Then thrips densities
increased more inside the greenhouse than outsideaggregations in various parts of the
greenhouse sometimes extended to the orchardspeirdic association was significant for
long periods as observed fét. occidentalis.Therefore, greenhouse GH3 was highly
infested by both herbivore thrips but their popolas were seldom associated. Trends
observed fofT. tabaciin 2013 were similar: adults were captured insate outside the
greenhouse from spring onwards, and aggregatioas airevolved the greenhouse area
facing to the orchard and this latter. IntraspecHissociation was significant for long
periods. Positive associations betwdenoccidentalisand T. tabaciwere more frequent
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than in 2012. Apparently, both thrips species fotawidrable conditions in this greenhouse
despite the repeated use of pesticides. In JunOdP T. tabaci captures were more
abundant in the open field nursery than in theigaous hedgerow. Later, this species was
captured continuously inside and outside the nurseith hotspots located in both
compartments of this scenario. In the subsequesit y@mpling started earlief. tabaci
was captured first in the hedgerow and then intw@enursery. The dynamics of hotspots
suggest that adults invaded the nursery coming fterhedgerow. Thrips abundance was
not related to differences in insecticide use (fixe one treatment in 2012 and 2013,
respectively). The colonization of open field nuyskey natural enemies was observed with
a higher frequency compared to other cultivatiamscios (e.g., GH1 and GH2).

Patterns in the colonization of cultivated plots Thytabaciwere different from those
reported for. occidentalis The former species was frequently found in thegleeows and
the orchard located at the margins of greenhoweses) in springT. tabaciadults have
been captured in traps located near the roof ajrakénhouses involved in this study (data
not reported). In particular in GH1 greenhouBetabaciwas captured from April to July,
and from April until August, in 2012 and 2013, respvely; in GH2 greenhouse, adults
tabaciwere found on traps from March to September aadh fMay until august, in 2012
and 2013, respectively; finally, in the GHS3, thrigaptures occurred from May to
September, and from April to August, in 2012 and 20respectively. The dynamics of
hotspots outside and inside cultivation plots avidence from traps near the roof strongly
suggest a role of the natural or cultivated vegmtah T. tabacicolonization of contiguous
greenhousesT. tabaciis frequently found on cultivated and uncultivajgldnt outdoor
(e.g., Marullo, 2004; Trdan, 2005; Marullo and Gezia, 2013)T. tabaciwas found with
a higher incidence compared fte. occidentalison traps used to detect wind-borne thrips
in Israel (Ben-Yakir and Chen, 2008; Ben-Yakir et &2008). Pizzol et al. (2012)
investigated thrips diversity on roses under greeshs and outdoor. Inside greenhouses,
F. occidentaliswas largely dominant ovér. tabacj while the proportion between the two
species changed outdoor whéretabaciincreasedT. tabacican overwinter in temperate
climates whereas overwintering Ief occidentalign these conditions is highly limited (e.g.,
Tommasini and Maini, 1995). Variation im. tabaci abundance among the different

cultivation scenarios was also affected by facteported for. occidentalisin particular
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the incidence of flowering plants. Pesticide usd dot exert a clear effect on thrips
populations dynamics.

The spatial and temporal distribution of natura¢rares of herbivore thrips has been less
investigated than that of their prey. Data repoitedhis paper add original information
about the dynamics of predaceous thrips belongintheé genuseolothripsin protected
ornamental crops.

Aeolothripids were detected in the greenhouse Ghi the contiguous hedgerow in
both years. Populations were frequently aggregateaside, never inside the greenhouse.
Gaps were located in the side of GH1 facing to rogieenhouses. Population distribution
structure was not stable over the time. The amalgkiinterspecific associations revealed
interesting patterns in 201E. occidentalisand Aeolothripsspp. were never associated
whereasT. tabaci and Aeolothrips spp. were frequently associated in the hedgerow,
especially in late summer. One year later a siaglociation betwee. occidentalisand
aeolothripids was found inside the greenhouse whileabaciand aeolothripids resulted
still associated outside. Therefore, predaceougpsthcolonization of this greenhouse
appeared to be discontinuous. These predators isperge by wind and penetrate into
close greenhouses when the roof is opened (dataepotrted). Frequent associations
betweenT. tabaciand aeolothripids at the greenhouse margins stggesle for these
antagonists in the natural control of this pestweleer, detailed studies are needed to shed
light on their impact on thrips populations on waldd cultivated plants.

Aeolothripids were continuously detected inside andside the greenhouse GH2.
Populations reached relatively high densities mgsH2 compared to GH1. In 2012 thrips
were aggregated only in the hedgerow while in 28d8regation areas extended from the
hedgerow to the greenhouse. This phenomenon odcimrrdugust when pesticide use was
reduced. The association between predaceous #nwE. tabaciwas found in a number of
sampling dates and was probably involved in thdimkeaf T. tabaci number in mid-
summer.

Aeolothripids were detected rarely in the greenkba@si3 until late June of 2012. Then
populations showed to be aggregated inside anddeuthe greenhouse, especially in
proximity of the orchard. In 2013 predaceous thopptures were lower than those seen in
the previous year. In both years predaceous tlamglsl. tabaciwere positively associated
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in the greenhouse suggesting interactions betwestafors and prey.

Predaceous thrips were commonly found in the oped hursery and the contiguous
hedgerow and aggregation areas were found in bmtipartments. In 2012eolothrips
spp. numbers inside the nursery were high in Juherwpopulation distribution was
positively associated with that df. tabaci Additional associations were found between
aeolothripids and~. occidentalisinside the nursery. One year later, predaceoupsthr
numbers were relatively high in July and Augustoadaly favored by prey densities and the
lack of insecticide applications. Positive assaore with F. occidentalisand T. tabaci
were found inside the nursery; the increasé@olothripsspp. numbers was apparently
related to a decline in thrips densities. Unforteha an insecticide was applied in mid-
August making difficult to evaluate these effects.

Anthocorids were found in all the cultivation sceas but with profound differences in
terms of abundance and distribution. In 2012 castwrere low inside greenhouse GH1
while populations were aggregated in the hedgef@aps were located in the side of GH1
facing to other greenhouses. This situation waglairto that described for aeolothripids.
In one cas®rius spp. were positively associated withoccidentalignside the greenhouse
(May 2012), but typically witi. tabaci(or Aeolothripsspp.) on the hedgerow. Association
between anthocorids and. tabaci at the greenhouse margins suggests the need to
investigate more in depth the potential effectbedgerows and flower strips on functional
biodiversity.

In the greenhouse GH2 predatory bug populations warely detected in spring. In
2012 this situation changed from late July whenregations involved the hedgerow and
the close plots of the greenhouse. In summer of328dgregation areas were in the
hedgerow only. This difference could be associ@beithe impact of pyrethroids applied in
August 2013.

Anthocorids were not frequent inside the greenhd@sid8 while populations showed to
be aggregated in proximity of the orchard wherér thistribution was associated with that
of T. tabaci. Additional associations were found betwe®nus spp. andAeolothrips
especially in the orchard.

Predaceous bugs were commonly recorded in the fodnnursery where aggregative
patterns were noticed in late sumnf@rius spp. distribution was associated with thaFof
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occidentalis less frequently withT. tabaciinside the nursery. Additional associations
occurred betwee@rius spp. andAeolothripsspp.

The colonization of greenhouses by anthocorids Veas successful than that of
predaceous thrips. In most cases the occurrenCgio$ spp. was limited to hedgerows or
the orchard contiguous to the greenhouses. The figldmursery was the most favorable
scenario as shown in late summer of 2012. The itnpfagesticides is probably the major
factors affecting the colonization of greenhouses dnthocorids. However, their
penetration into greenhouses seem to be hamperethey factors, probably associated to
unfavorable microclimate and probably to anti-l@mtkran nets.

Considering overall data about associations betwkerbivore thrips and their
antagonists we observe four positive associatisidéGH1, no cases in GH2, nine in GH3
and seventeen in OFN plots. Relatively closed cotnmnts were related to a low
incidence of associations. In environments surroundcultivated plots positive
associations were eleven outside GH1, five out&H or GH3 (in the orchard) while no
cases were recorded in OFN. The hedgerows contigtmGH3 and OFN were never
involved in associations. Reducing barriers aroundtivated plots enhanced the
colonization by predators, even if pesticides caltdr these dynamics. At the same time,
these associations established more frequentlydeutsiltivated plots with the decrease in
greenhouse opening.

Acknowledgements

We thank Prof. R. Marullo (Universita degli StudeMiterranea di Reggio Calabria) and
Prof. L. Tavella (University of Turin) for help imsect identifications. This research was
funded by REG. (CE) N. 1698/05 - Programma di @plu rurale della Regione Veneto
Misura 124 DGR 745, 15 March 2010 «Cooperazionel@eviluppo di nuovi prodotti,
processi e tecnologie nel settore agricolo» profPROBIOSER”. This study would not
have been possible without the support of “Grup@mmana Ortofloricoltura dei f.lli
Gazzola”.

107



References

Albajes, R., Lodovica Gullino, M., van Lenteren, G. and Elad, Y., 1999. Inntegrated
Pest and Disease Management in Greenhouse Crdpsver Academic Publisher.
Netherlands. pp. 547.

Albajes, R., & Alomar, O. (1999). Current and pdiginuse of polyphagous predators.
Developments in Plant Patholog365-275.

Alomar, O., 2002. Facultative predation as a Biaag Control. Encyclopedia of Pest
ManagementCRC Press Taylor & Francis Group New York NY. pp24L74.

Alomar, O., Goula, M., & Albajes, R. (2002). Colsation of tomato fields by predatory
mirid bugs (Hemiptera: Heteroptera) in northern iBp@\griculture, ecosystems &
environmenB89(1), 105-115.

Ananthakrishnan, T. N., & Sureshkumar, N. (1985)nth®corids (Anthocoridae:
Heteroptera) as efficient biocontrol agents of ghr{Thysanoptera: Insect@urrent
Science54(19), 987-990.

Arthurs, S. and Heinz, K., M., 2006 . Evaluationr@matodes Steinernema feltiae and
Thripinema nicklewoodi as biological control agents western flower thrips
Frankliniella occidentalis infesting ChrysanthemuBiocontrol Sci. Technol16:141-
155.

Arzone A, Alima A and Rapetti S. 198Brankliniella occidentalisPerg.) nuovo fitomizo
delle serre in Italia.nformatore fitopatologic 39, 43-48.

Atakan, E., Coll, M. and Rosen, D., 1996. Withimug distribution of thrips and their
predators: effects of cotton variety and developmdestage.Bull. Entomol. Reserch
86(6): 641-646.

Atakan, E. (2010). Influence of weedy field margamsabundance patterns of the predatory
bugs Orius spp. and their prey, the western flatheps (Frankliniella occidentalis), on
faba bearPhytoparasitica38(4), 313-325.

Atakan, E., 2011. Population densities and didtiobs of the western flower thrips
(Thysanoptera: Thripidae) and its predatory l&igis niger(Hemiptera: Anthocoridae), in
strawberrylnt. J. Agric. Bid., 13: 638-644

108



Baez, I, Reitz, S., R. and Fundenburk, J., E.,420fredation ofOrius insidiosus
(Heteroptera: Anthocoridae) on species and lifgestaof Frankliniella flower thrips
(Thysanoptera: Thripidae) in pepper flowdgsviron. Entomal 33: 662-670.

Ben-Yakir, D., et al., 2008. Optimizing ventilatiaf protected crops while minimizing
invasion by whiteflies and thrips."International Workshop on Greenhouse
Environmental Control and Crop Production in SemidARegions797. 2008.

Ben-Yakir, D., and Chen, M.,2010. Studies of thripggratory flights in Israel. Acta
Phytopathologica et Entomologica Hungarica, 43{23-248.

Bielza, P., Quinto, V., Contreras, J., Torne, M.arvh, A., & Espinosa, P. J. (2007).
Resistance to spinosad in the western flower thripgankliniella occidentalis
(Pergande), in greenhouses of sowghstern SpairPest management scienéd(7),
682-687.

Blaeser, P., Sengonca, C., & Zegula, T. (2004). ddtential use of different predatory bug
species in the biological control of Frankliniebacidentalis (Pergande)(Thysanoptera:
Thripidae).Journal of Pest Sciencé7(4), 211-219.

Boaria, A., Rossignolo, L., Pozzebon, A., and Du€o, 2011. Effects oBeauveria
bassianaon Frankliniella occidentaligThysanoptera: Thripidae) trough different routes
of exposurelOBC/wprs Bull.66, 244-247.

Boaria, A., Pozzebon, A., Pesce, M., Lorenzon, Wi ®uso, C., 2013. Laboratory and
semi-field trials on the effects &eauveria bassian@W-1, ATCC 74040) against soil-
dwelling stages ofFrankliniella occidentalis(Thysanoptera: Thripidae)OBC/wprs
Bull. 90, 244-247.

Bosco, L., Giacometto, E., & Tavella, L. (2008). |@uzation and predation of thrips
(Thysanoptera: Thripidae) by Orius spp.(Heteroptémathocoridae) in sweet pepper
greenhouses in Northwest ItaBiological Control 44(3), 331-340.

Bournier, A., Lacasa, A., & Pivot, Y. (1978). Bigie d'un thrips prédateurAeolothrips
intermedius [Thys.: AeolothripidadEntomophaga23(4), 403-410.

Brodsgaard, H., F., 1989&rankliniella occidentalis(Thysanoptera: Thripidae) - a new
pest of Danish greenhouses. A revidwdsskrift for planteavi93: 83-91.

Brodsgaard, H. F., 1994. Insecticide resistandéuropean and African strains of western
flower thrips (Thysanoptera: Thripidae) tested ineav residue-on-glass tekiurnal of

109



Economic Entomolog§7(5), 1141-1146.

Brodsgaard, H., F., 1996. Prey preference of Hypsasiiles (Acarina: Hipoaspididae):
Non-interference with other beneficials in greerdeeropslOBC/WPRS Bulletinl9:
23-26.

Brodsgaard, H., F., 2004. Biological control ofiplsron ornamental crops. In: Heinz KM,
van Driesche RG, Parrella MP (EdBjocontrol in Protected CultureBall Publishing.
Batavia. IL pp. 253-264.

Bugg, R.L., R.T. Ellis, and R.W. Carlson. 1989.nebbmonidae (Hymenoptera) using extra
floral nectar of faba bean (Vicia faba L.,FabaceaeMassachusetts. Biol. Agr. and
Hort. 6:107-114.

Buitenhuis, R. and Shipp, J., L., 2005. Efficacy ehtomopathogenic nematode
Steinernema feltiagRhabditida: Steinernematidae) as influenced Hrankliniella
occidentalis (Thysanoptera: Thripidae) developmental stage lamst plant stagel.
Econ. Entomol98: 1480-1485.

Buitenhuis, R., & Shipp, J. L. (2006). Factors uefhcing the use of trap plants for the
control of Frankliniella occidentalis (Thysanoptefhripidae) on greenhouse potted
chrysanthemumnEnvironmental entomolog$5(5), 1411-1416.

CABI/EPPO (1997). Quarantine Pests for Europe -alBhkets on quarantine pests for the
European Union and for the European and Meditearafdant Protection Organization.
Smith, I.M., McNamara, D.G., Scott, P.R. and Hofdms, M. (Editorial Committee);
Burger, B. (Associate Editor). CAB International alihgford, UK, in association with
the European and Mediterranean Plant Protectioar@zgtion (EPPO).

Campos-Herrera, R., Ali, J., G., Diaz, B., M. andnban, L., W., 2013. Analyzing spatial
patterns linked to the ecology of herbivores ararthatural enemies in the sddront
Plant Sci.4: 378.

Castané, C., Alomar, O., Goula, M., & Gabarra, R004). Colonization of tomato
greenhouses by the predatory mirid bugacrolophus caliginosusand Dicyphus
tamaninii Biological Contro| 30(3), 591-597.

Chambers, R. J., Long, S., & Helyer, N. L. (19fectiveness of Orius laevigatus (Hem.:
Anthocoridae) for the control of Frankliniella odentalis on cucumber and pepper in
the UK.Biocontrol Science and Technolo@y3), 295-307.

110



Childers, C., C. and Achor, D., S., 1995. Thripedieg and oviposition injuries to
economic plants, subsequent damage and host resptménfestation. In: Parker BL,
Skinner M, Lewis T (EdsYhrips biology and Managemermlenum Press, New York,
NY, pp. 21-52.

Cho, K., Eckel, C., S., Walgenbach, J., F. and kdygnG., G., 1995. Spatial distribution
and sampling procedures for Frankliniella spp. @dmoptera: Thripidae) in staked
tomato.J. Econ. EntomoliB8:1658-1665.

Cho, K., Kang, S.,-H. and Lee, G.,-S., 2000. Spaiatribution and Sampling Plans for
Thrips palmi (Thysanoptera: Thripidae) InfestingllFBotato in Korea. J. Econ.
Entomol. 93(2): 503-510.

Cho, K., Lee, G.,-S., Park, J.-J., Kim, J.-K. andm) K.-B., 2001. Analysis of spatial
pattern of Frankliniella occidentalis (Thysanoptera: Thripidae) on greenhouse
cucumbers using dispersion index and spatial auteledon. Appl. Entomol. Zool36
(1): 25-32.

Conti, B. (2009). Notes on the presence of Aeolpthrintermedius in northwestern
Tuscany and on its development under laboratory ditionsBulletin of
Insectology62(1), 107-112.

Cox, P. D., Matthews, L., Jacobson, R. J., CanRonMacLeod, A., & Walters, K. F. A.
(2006). Potential for the use of biological agefds the control of Thrips palmi
(Thysanoptera: Thripidae) outbreal&iocontrol Science and Technolob§9), 871-
891.

de Courcy Williams, M. D. C. (2001). Biological dool of thrips on ornamental crops:
interactions between the predatory mite Neoseialesimeris (Acari: Phytoseiidae) and
western flower thrips, Frankliniella occidentalisThiysanoptera: Thripidae), on
cyclamenBiocontrol Science and Technolog(1), 41-55.

De Jager, C. M., Butot, R. P. T., Klinkhamer, P.1G. & Van Der Meijden, E. 1993.
Population growth and survival of Western Flowerrip$, Frankliniella occidentalis
Pergande (Thysanoptera: Thripidae), on differemysamthemum cultivars]. Appl.
Entomol 115: 519-525.

De Jager, C. M., Butot, R. P. T., Klinkhamer, P.LG.& Van Der Meijden, E. (1995).
Chemical characteristics of chrysanthemum causstaese to Frankliniella occidentalis

111



(Thysanoptera: Thripidae). Econ. EntomoB8(6), 1746-1753.

Deligeorgidis, P., N., Athanassiou, C., G., KawaHios, N., G., 2002. Seasonal abundance,
spatial distribution and sampling indices of thrgagoulation on cotton; a 4-year survey
from central Greecdl. Appl. Ent126: 343-348.

Duelli, P., Studer, M., Marchand, 1., & Jakob, 9990). Population movements of
arthropods between natural and cultivated arBadogical Conservation54(3), 193-
207.

de Jager, C., M., Butét, R., P., T., de Jong, T.Klinkhamer, P., G., L. and van der
Meijden, E., 1993. Population growth and survivialvestern flower thripgrankliniella
occidentalisPergande (Thysanoptera, Thripidae) on differenysdmthemum cultivars:
Two methods for measuring resistance. J. App. Eatobi5(5): 519-525.

Ebssa, L., Borgemeister, C., & Poehling, H. M. @00Simultaneous application of
entomopathogenic nematodes and predatory miteerttwot western flower thrips< i>
Frankliniella occidentalisBiological Contro| 39(1), 66-74.

Ferrari, R., 1980.Thrips tabac injurious to onion crops in Tuscanpnformatore
Fitopatologicq 10(7/8), 27-28.

Fischer, S., Linder, C. and Freuler, J., 1992. ®&ja@ et utilisation de la punaiseOrius
majusculus Reuter (Heteroptera: Anthocoridae) dalas lutte contre les
thripsFrankliniella occidentalis Perg. etThrips @ablLind., en serre. —Revue suisse
Vitic. Arboric. Hortic., 24, 119-127.

Frank, T., & Reichhart, B. (2004). Staphylinidael &arabidae overwintering in wheat and
sown wildflower areas of different agBulletin of entomological researcB4(3), 209-
217.

Funderburk, J., Stavisky, J., & Olson, S. (2000edation of Frankliniella occidentalis
(Thysanoptera: Thripidae) in field peppers by Oriugsidiosus (Hemiptera:
Anthocoridae) Environmental Entomolog29(2), 376-382.

Gabarra, R., Alomar, O., Castafi¢, C., Goula, M.AlRajes, R. (2004). Movement of
greenhouse whitefly and its predators between th-antside of Mediterranean
greenhouse®\griculture, ecosystems & environmgh®2(3), 341-348.

Gerin, C., Hance, T., & Impe, G. V. (1994). Demgunaal parameters of Frankliniella
occidentalis (Pergande)(Thysanoptera, Thripida®urnal of Applied Entomology

112



11815), 370-377.

Gerin, C., Hance, T., H. and van Impe, G., 1999.mbgraphical parameters of
Frankliniella occidentalis(Pergande) (Thysanoptera: Thripidag) App. Entomol118:
370-377.

Gillespie, D., R., 1989. Biological control of tps (Thysanoptera: Thripidae) on
greenhouse cucumber Bynblyseius cucumeriEntomophaga34(2): 185-192.

Gillespie, D., R. and Quiring, D., J., M., 19900Rigical control of fungus gnaBradysia
spp. (Diptera:Sciaridae), and Western Flower Thripsankliniella occidentalis
(Pergande) (Thysanoptera:Thripidae), in greenhousesy a soil-dwelling predatory
mite, Gaelolaps sp. nr. Aculeifer (Canestrini) (Acalaelapidae). Canadian
Entomologist122:975-983.

Gurr, G. M., Wratten, S. D., Tylianakis, J., Kedn, & Keller, M. (2005). Providing plant
foods for natural enemies in farming systems: bakgnpracticalities and theorflant-
provided food for carnivorous insects: a protectiveitualism and its applications.
Cambridge University Press, Cambridge, \BR6-347.

Hansen, E.A., Funderburk, J.E., Reitz, S.R., Ra@awadran, S., Eger, J., and McAuslane.
E.H., 2003. Within-plant distribution of Franklihle species (Thysanoptera: Thripidae)
and Orius insidiosus (Heteroptera: Anthocoridae) field pepper. Environmental
entomology32(5), 1035-1044.

Hardly, V., G., and Teakle, D., S., 1992. Transiois®f sowbane mosaic virus @rips
tabaciLindeman, as a function of temperatueuthwest. Entomologisit3: 171-176.

Helyer, N., L., Brobyn, P., J., Richardson, P.,add Edmonson, R., N., 1995. Control of
Western Flower ThripsHfankliniella occidentalisPergande) pupae in compo8éin.
Appl. Biol.127: 405-412.

Higgins, C., J. ,1992. Western Flower Thrips (Tygatera: Thripidae) in Greenhouse:
Population Dynamics, Distribution on Plants, anddsation with Predatord. Econ.
Entomol.85: 1891-1903.

Immaraju, J. A., Paine, T. D., Bethke, J. A., RdlbL., & Newman, J. P. (1992). Western
flower thrips (Thysanoptera: Thripidae) resistamzansecticides in coastal California
greenhouseslournal of Economic Entomologg5(1), 9-14.

Jacobson, R., 1993. Control dfrankliniella occidentalis with Orius majusculus

113



experiences during the first full season of comna¢rgse in the UK. IOBC/WPRS Bull.
16, 81-84.

Jacobson, R., J., 1997. Integrated Pest Manage(iitit) in greenhouses. In: Lewis T
(Eds).Thrips as Crop Pest€AB International WallingFord, UK, pp. 639-666.

Jacobson, R. J., Chandler, D., Fenlon, J., & RUskel M., 2001a. Compatibility of
Beauveria bassiana(balsamo) Vuillemin with Amblyseius cucumerioudemans
(Acarina: Phytoseiidae) to contrélrankliniella occidentalisPergande (Thysanoptera:
Thripidae) on cucumber plan®iocontrol Science and Technologdy(3), 391-400.

Jacobson R.J, Croft P, Fenlon J., 2001b. Suppgedsstablishment ofFrankliniella
occidentalisPergande (Thysanoptera: Thripidae) in Cucumber imp Prophylactic
Release oAmblyseius cucumefidemans (Acarina: PhytoseiidaB)ocontrol Science
and Technologyl1(1):27-34.

Jensen, S., E., 2000. Insecticide resistance inbstern Flower Thripskrankliniella
occidentalis Integrated Pest Management Revie#s131-146.

Kasina, M., Nderitu, J., Nyamasyo, G., Watury,@ubayo, F., Obudho, E. and Yobera,
D., Within-plant distribution and seasonal popuatidynamics of flower thrips
(Thysanoptera: Thripidae) infesting French beansagBolus vulgaris L.) in Kenya.
Spanish Journal of Agricultural Researati3), 652-659.

Kiers, E., Kogel, W. D., BalkemaBoomstra, A., & Mollema, C. (2000). Flower visitati
and oviposition behavior of Frankliniella occiddiggTysan., Thripidae) on cucumber
plants.Journal of Applied Entomolog#24(1), 27-32.

Kirk, W., D.,. J. ,(1984). Pollenfeeding in thrips (Insecta: Thysanopterdpurnal of
Zoology 204(1), 107-117.

Kirk, W., D. (1985). Pollenifeeding and the host specificity and fecundityloWer thrips
(Thysanoptera)cological Entomologyl((3), 281-289.

Krishna Kumar, N. K., Ullman, D. E., & Cho, J. 1905). Resistance among Lycopersicon
species to Frankliniella occidentalis (Thysanoptéeraripidae)Journal of economic
entomology88(4), 1057-1065.

LaCasa, A., 1980. Contribucién al conocimiento de biologia, la reproduccion, el
régimen alimenticio yel valor como predador Aeolothrips inrtermediuBagnall
(Thysanoptera; Aelothripidae). Tesis Doctoral. Wmsidad Politécnica de Valencia, 197

114



PP
Landis, D., A., Wratten, S., D. and Gurr, G., MO0R. Habitat management to conserve

natural enemies of arthropod pests in agricultdrg. Rev. Entomo#l5: 175-201.

Lewis, T., 1973. Thrips: their biology, ecology aedonomic importance. New York
Academic Press, London.

Lewis, T, 1997a. Pest thrips in perspective. InwiseT (Ed) Thrips as crop pestsCAB
International, Wallingford, UK, pp. 1-14.

Lewis, T, 1997b. Pest thrips in perspective. InwlseT (Ed) Thrips as crop pestsCAB
International, Wallingford, UK, pp. 567-593.

Lucas, E., & Alomar, O. (2002). Impact of Macrolaghcaliginosus presence on damage
production by Dicyphus tamaninii (Heteroptera: Mag) on tomato fruitslournal of
economic entomolog95(6), 1123-1129.

Maclintyre-Allen, J., K., 2004. Population dynamitsecticide resistance and management
of onion thrips, Thrips tabaci Lindeman, in soutsteen OntarioPh.D. dissertation
University of Guelph, Ontario, Canada.

Macintyre-Allen, J., K., Scott-Dupree, C., D., Ta@m J., H., Harris, C., R., 2005.
Evaluation of sampling Methodology for determinthg Population Dynamics of Onion
Thrips (Thysanoptera: Thripidae) in Ontario Oniorlés. J. Econ. Entomol98(6):
2272-2281.

Maingay, H., R.L. Bugg, R.W. Carlson, and N.A. O#son. 1991.Predatory and parasitic
wasps (Hymenoptera) feeding at flowers of sweehdérfFoeniculum vulgare Miller
var. dulce Battandier &Trabut, Apiaceae) and sp&dr(Mentha spicata L., Lamiaceae)
in Massachusett&iol. Agr. and Hort.7:363-383.

Marshal. E., J., P. and Moonen, A., C., 2002. Filargins in northern Europe: their
functions and interactions with agricultuAgric. Ecosyst. Enviror89(1-2): 5-21.

Martin, N., A., Workman, P., J. and Butler, R., €003. Insecticide resistance in onion
thrips (Thrips tabaci) (Thysanoptera: ThripidaBew Zeland Journal of Crop and
horticultural Science31(2): 99-106.

Marullo, R., 1993. | Tisanotteri dell'ltalia merwhale. 1l Contributo. Le specie italiane del
genere Aeolothrips HalidayBoll. Lab. Ent. Agr. “Filippo Silvestfi 50:121-140.

Marullo, R., 2004. Host-plant range and relatiopshin the Italian thrips faunfcta

115



Phytopathologica et Entomologica Hungari&$(1), 243-254.

Marullo, R. and De Grazia, A., 2013. Territorial swibution, classification and
relationships amongst Italian Thysanopt@&aualletin of Insectologg6(1), 127-134.

Macfadyen, S., & Muller, W. (2013). Edges in Agilicual Landscapes: Species
Interactions and Movement of Natural EnemiB$0S one8(3), e59659.

Macintyre-Allen, J. K., Scott-Dupree, C. D., Tolmah H., & Harris, C. R. (2005).
Evaluation of sampling methodology for determinthg population dynamics of onion
thrips (Thysanoptera: Thripidae) in Ontario oniorelds. Journal of economic
entomology98(6), 2272-2281.

Mautino, G. C., Bosco, L., & Tavella, L. (2014). pact of control strategies on Thrips
tabaci and its predator Aeolothrips intermediusooion crops?hytoparasitica 42(1),
41-52.

Messelink, G., van Steenpaal, S., & van Wensveen(20805). Typhlodromips swirskii
(Athias-Henriot)(Acari: Phytoseiidae): a new prextdor thrips control in greenhouse
cucumberlOBC/wprs Bulletin28(1), 183-186.

Messelink, G., J., van Steenpaal, S., E., F. anddRars, P., M., J., 2006. Evaluation of
phytoseiid predators for control of western flowtarips on greenhouse cucumber.
BioControl. 51: 753-768.

Moritz G, Mound LA, Morris DC, Goldarazena A. 20(Hest thrips of the world — visual
and molecular identification of pest thrips. CD-R@Mblished by CBIT, Brisbane.

Mound, L. A. & Kibby, G. (1998). Thysanoptera. Adehtification Guide. 2nd Edition: i-
vi, 1-70. CAB. International, Wallingford, OxfortK.

Murai, T., 2000. Effect of temperature on developtrand reproduction of the onion thrips
Thrips tabaciLindeman (Thysanoptera: Thripidae) on pollen aoddy solution Appl.
Entomol. Zool35(4): 499-504.

Nagata, T., Almeida, A., C., L., Resende, R., Ond ae Avila, A., C., 1999. The
identification of the vector species of Iris yell@pot tospovirus occurring on onion in
Brazil. Plant Diseasg83, 399.

Nammour, D., Pizzol, J., Poncet, C., Ziegler, JM@isin, S., Reynaud, P., ... & Maignet,
P. (2008). Integrated pest management in rose lgoeses using Franklinothrips
vespiformis against thripgcta horticulturae (797), 291.

116



Navarro-Campos, C., Aguilar, A. and Garcia-Marj,Z7011. Aggregation pattern, sampling
plan, and intervention threshold for Pezothripdyleglus in citrus grove€ntomol. Exp.
Appl. 142(2): 130-139.

Nault, B., A., Shelton, A., M., Gangloff-Kaufmana,, L., Clark, M., E., Werren, J., L.,
Cabrera-La Rosa, J., C. and Kennedy, G., G., ZR6productive modes in onion thrips
(Thysanoptera : Thripidae) populations from New kronion fields.Environ. Entomol.
35:1264-1271.

Nault, B. A., & Shelton, A. M. (2010). Impact ofsecticide efficacy on developing action
thresholds for pest management: a case study ohdhrips (Thysanoptera: Thripidae)
on onion.Journal of economic entomolagh034), 1315-1326.

Northfield, T., D., Paini, D., R., Fundenburk, H.,and Reitz, S., R., 2008rankliniella
spp. (Thysanoptera: Thripidae) thrips abundance Nwrth Florida Uncultivated
Reproductive Hosts: Predicting Possible Sourceest PutbreacksAnn. Entomol. Soc.
Am.101(4): 769-778.

Pappu, H., R., Jones, R., A, C., and Jain, R.,209. Global status of tospovirus
epidemics in diverse cropping systems: successesvad and challenges ahead. Virus
Research, 141, 219-236.

Park, J.-J., Lee, D.-H., Shin, K., Lee, J.-H. arttbCK.-J., 2009. Analysis of spatial and
temporal associations of adult and immatleankliniella occidentalis Pergande
(Thysanoptera: Thripidae) in cucumber greenhousppl. Entomol. Zool44(4): 569-
577.

Parrella, M., P. and Murphy, B., 1996. Western Eowhrips: Identification, biology and
research on the development of control strategiBsllettin of IOBC/WPRS
(OILB/SROP)19: 115-118.

Patt J.M, Hamilton G.C, Lashomb J.H., 1997. Forgginccess of parasitoid wasps on
flowers: interplay of insect morphology, floral hrecture and searching behavior.
Entomol. Exp. Appl83:21-30

Pearsal, I., A. and Myers, J., H., 2001. Spatial demporal Patterns of Dispersal of
Western Flower Thrips (Thysanoptera: Thripidae)Nactarine Orchards in British
Columbia. J. Econ. Entomob4(4). 831-843.

Perdikis, D., Kapaxidi, E., & Papadoulis, G. (200Bjological control of insect and mite

117



pests in greenhouse Solanaceous ciiepsJ Plant Sci Biotechnp?, 125-144.

Péricart J. 1972. Hemipterés. Anthocoridae, Cinaieidet Microshisidae de I'ouest-
paléarctique Faune de I'Europe et du Bassin Méditéen, vol. 7 Masson Et Cie, Paris.

Perry, J.N., Winder, L., Holland, J.M., Alston, R,[1999. Red-blue plots for detecting
clusters in count data. Ecol. Lett. 2, 106-113.

Perry, J.N., Dixon, P., 2002. A new method to measpatial association for ecological
count data. Ecoscience 9, 133-141.

Pizzol, J., Nammour, D., Hervouet, P., Bout, A.,sbeux, N., & Malilleret, L. (2010).
Comparison of two methods of monitoring thrips pagons in a greenhouse rose crop.
Journal of Pest Scienc83(2), 191-196.

Pizzol, J., Nammour, D., Voaisin, S., Ziegler, M.edheux, N., Poncet, C., Reynaud, P.
2012. Survey of thrips species in horticultural egreouses in Southern France Acta
Horticulturae. 952, pp. 801-808.

Poncet, C., Lemesle, V., Malilleret, L., Bout, AQIBR., Vaglio, J., 2010: Spatio-temporal
analysis of plant pests in a greenhouse using adtay approach. Agr. Forest. Entomol.
12, 325-332.

Ramachandran, S., Funderburk, J., Stavisky, J.]Js0r© S. (2001). Population abundance
and movement of Frankliniella species and Oriugliosus in field peppeAgricultural
and Forest Entomolog(2), 129-137.

Reay-Jones, F. P., 2012. Spatial Analysis of thee&eleaf Beetle (Coleoptera:
Chrysomelidae) in WheaEnviron. entomo}.41(6), 1516-1526.

Reisig, D., D., Godfrey, L., D. and Marcum, 201pa8al Dependence, Dispersion, and
Sequential Sampling ohnaphothrips obscuruéThysanoptera: Thripidae) in Timothy.
Environ. Entomol40(3):689-696.

Reitz, S. R., Yearby, E. L., Funderburk, J. E.vBty, J., Momol, M. T., & Olson, S. M.
(2003). Integrated management tactics for Frardlaithrips (Thysanoptera: Thripidae)
in field-grown pepperJournal of economic entomolod6(4), 1201-1214.

Rhainds, M. and Shipp, L., 2003. Dispersal of addstern flower thrips (Thysanoptera:
Thripidae) on chrysanthemum plants: impact of fegdnduced senescence of
inflorescencesEnviron. Entomol32(5), 1056-1065.

Rhainds, M. and Shipp, L., 2004. Dispersal of aadstern flower thrips (Thysanoptera:

118



Thripidae) in greenhouse crofzanadian Entomologisii36(2): 241-254.

Rich, J., R., Webb, S., E., Paret, M., L. and Mgnm., T., 2013. Considerations for
Managing Greenhouse Pedtforida Greenhouse Vegetable Production Handbdok.

3.

Riudavets, J., & Castane, C. (1998). Identificateord evaluation of native predators of
Frankliniella occidentalis (Thysanoptera: Thripidae) in the
MediterraneanEnvironmental Entomology7(1), 86-93.

Robb, K. L., 1989. Analysis of Frankliniella occidelis (Pergande) as a pest of
floricultural crops in California greenhouses. Ph.@issertation. Univ. California,
Riverside.

Robb, K. L., & Parrella, M. P. (1991). Western flemthrips, a serious pest of floricultural
crops.Towards understanding the Thysanoptera. Generahfiieal Report NE-147. US
Department of Agriculture, Forest Service, Radiennsylvania, USA343-358.

Rosenheime, J. A., Welter, S. C., Johson, M. W.yM& F., and Gusukuma-Minutoi, L.
R., 1990. Direct feeding damage on cucumber by daspecies infestations of Thrips
palmi and Frankliniella occidentalis (Thysanoptefdaripidae).J, Econo. Entomal.
83(4), 1519-1525.

Salguero, V., E., Fundenburk, T., P., Mack, R.Bésherar, R., J., and Olson,S., M., 1994,
Aggregation indices and Sample size Curves for Biab Sampling of Flower-
Inhabiting Frankliniella Species (Thysanoptera: Thripidae)on Tomatdl. Econ.
Entomol.87(6): 1622-1626.

Schreuder, R.G. and Ramakers, P.M.J. (1989) Onwbteahulp bij geintegreerde
bestrijding,Groenten & Fruit45(5), 28-29

Schoenig, S., E. and Wilson, L., T ., 1992. Pateshspatial association between spider
mites (Acari: Tetranychidae) and their natural elesnon cottonEnviron. Entomol.
21(3):

Seal, D., R., Ciomperlik, M., A., Richards, M., &nd Klassen, W., 2006. Distribution of
chili thrips Scirtothrips dorsalis (Thysanopterdiripidae) in pepper fields and pepper
plants on ST. Vincen&lorida Entomologist89(3): 311-320.

Sedaratian, A., Fathipour, Y., Talebi, A., A. arat&hani, S., 2010. Population Density and
Spatial Distribution Pattern of Thrips tabaci (Tageptera: Thripidae) on Different

119



Soybean Varietiesl. Agr. Sci. Techl2: 275-288.

Shelton, A., M., Zhao, J., Z., Nault, B., A., Plale, Musser, F., R. and Larentzaki, E.,
2006. Patterns of insecticide resistance in onlmips (Thysanoptera: Thripidae) in
onion fields in New York. J. Econ. Entomol. 99(5y:98-1804.

Shipp, J., L. and Zariffa, N., 1991. Spatial pattend sampling methods for western flower
thrips (Thysanoptera: Thripidae) on greenhouse spegper.Canadian Entomologist.
123(5): 989-1000.

Shipp, J., L., Boland, G., J. and Shaw, L., A.,IL98tegrated pest-management od disease
and arthropod pests of greenhouse vegetable anopatario — current status and future
possibilities. Canad. J. Plant. Sci. 71(3): 887-:914

Tavella, L., Arzone, A. and Alma, A., 1991. Resé@s on Orius laevigatus (Fieb.), a
predator of Frankliniella occidentalis(Perg.) in greenhouses. A preliminary note.
IOBC/WPRS Bull. 14: 65-72.

Tavella, L., Alma, A., Conti, A. and Arizone. AL996. Evaluation of the effectiveness of
Orius spp. in controlling=rankliniella occidentalisActa Hortic. 431:499-506.

Tavella, L., Tedeschi, R., Arzone, A., Alma, A.,bales, R., & Sekeroglu, E. (2000).
Predatory activity of two Orius species on the wasflower thrips in protected pepper
crops (Ligurian Riviera, Italy). IOBC/WPRS Working Group" Integrated Control in
Protected Crops, Mediterranean Climate". Proceedinfjthe meeting, Antalya, Turkey,
24-28 April 2000(Vol. 23, No. 1, pp. 231-240). International Orgation for
Biological Control of Noxious Animals and Plants IBZ/OILB), West Palaearctic
Regional Section (WPRS/SROP).

Tommasini, M., G. and Maini, S., 199Brankliniella occidentalisand thrips harmful to
vegetable and ornamental crops in Europe. In: LoammAJM, van Lenteren, JC,
Tommasini MG, Maini S, Riudavets, J (EdBjological control of thrips pests
Wageningen, Wageningen Agricultural University Rapé-42.

Tommasini, M., G. and Nicoli, G., 1993. Adult adtyvof four species of Orius reared on
two preys. IOBC/WPRS. 17: 237-241.

Tommasini, M., G., Nicoli, G.,1994: Pre-imaginaltiaity of four Orius species reared on
two preys. IOBC/WPRS Bull. 17: 237-241.

Trdan, S., Andjus, L., RaspudiE., & Ka, M., 2005. Distribution ofAeolothrips

120



intermediusBagnall (Thysanoptera: Aeolothripidae) and itseptial prey Thysanoptera
species on different cultivated host plants. Jdushpest science, 78(4), 217-226.

Trichilo, P. J. and Leight, T. F., 1988. Influenokresource quality on the reproductive
fithess of flower thrips (Thysanoptera: Thripidag&hnals of the Entomological Society
of America81(1), 64-70.

Trottin-Caudal, Y., Graseelly, D., Trapateau, Mgh@lin, H. and Millot, P., 1991: Lutte
biologique contreFrankliniella occidentalisavec Orius majusculus sur concombre.
IOBC/WPRS Bull. 14: 50-55.

Ugine, T. A., Wraight, S. P., and Sanderson, 2005a. Development of a novel bioassay
for estimation of median lethal concentrations {§)Cand doses (LE) of the
entomopathogenic fungusBeauveria bassiana against western flower thrips,
Frankliniella occidentalisJ. Invertebr. Pathol89, 210-218.

Ugine, T. A., Wraight, S. P., and Sanderson, 22005b. Acquisition of lethal doses of
Beauveria bassianaconidia by western flower thripsirankliniella occidentalis
exposed to foliar spray residues of formulated anfbrmulated conidial. Invertebr.
Pathol.90, 10-23.

Ullman, D., E., Cho, J., J., Mau, R., F., L., Westd., M. and Custer, D., M., 1992.
Midgut epithelial cells act as a barrier to tomapmtted wilt virus acquisition by adult
western flower thrips?hytopathology82, 1333-1342.

Ullman, D. E., J. L. Sherwood, and T. L. Germar@97 Thrips as vectors of plant
pathogens. T. Lewis Thrips as crop pests. 539-68% International New York.

Vacante, V. and Nucifora, A., 1987. Possibilitiesd gpersectivies of the biological and
integrated control of two spotted spider mite he Mediterranean greenhouse crops.
Bull IOBC/WPRS. 10(2): 170-173.

Vacante, V., & Tropea Garzia, G. (1994). Invesima on the role of Nesidiocoris tenuis
(Reuter)(Hemiptera: Miridae) on tomato in unheaggedenhouses in the Ragusa area
[Sicily]. Informatore Fitopatologicp44.

Villevieille, M., Millot, P., 1991: Lutte biologige contreFrankliniella occidentalisavec
Orius laevigatussur fraisier. IOBC/WPRS Bull. 14: 57-64.

van Dijken, F., R., Dik, M., T., A., Gebala, B., deng, J. and Mollema, C., 1994. Western
Flower thrips (Thysanoptera: Thripidae) effects Ghrysanthemum cultivars: plant

121



growth and leaf scarring in non flowering plartsEcon. Entomol87: 1312-1317.

van de Veire, M., Degheele, D., 1992: Biologicalnttol of the Western Flower
ThripsFrankliniella occidentals(Pergande) (Thysanoptera, Thripidae), in greerghous
sweet peppers wi@riusspp. (Hemiptera, Anthocoridae). A comparative study
betwee®. niger(Wolff) O. insidiosugSay). Biocontrol. Sci. Technol. 2: 281-283.

van de Wetering, F., Goldbach, R. and Peters1896. Tomato spotted wilt tospovirus
ingestion by first instar larvae dFrankliniella occidentalisis a prerequisite for
transmissionPhytopathology86, 900-905.

van de Wetering, F., van der Hoek, M., Goldbach,Mullema, C. and Peters, D., 1999a.
Variation in tospovirus transmission between pogpoie of Frankliniella occidentalis
(Thysanoptera: ThripidaeBull. Entomol. Res39(6): 579-588.

van de Wetering, F., van der Hoek, M., Goldbachail Peters, D., 1999b. Differences in
tomato spotted wilt virus vector competency betweates and females Bfankliniella
occidentalis Entomol. Exp. AppB3, 105-112.

van Houten, Y., M., van Rijn, P., C., J., Tanigeghj K., van Stratum, P. and Bruin, J.,
1995.Entomol. Exp. Applr4: 225-234.

van Lenteren, J.C. (1997), Benefits and risks wbducing exotic macro-biological control
agents into Europ&ulletin OEPP/EPPQ27, 15-27.

van Lenteren, J., C. and Woets, J., 1988. Bioldganad integrated pest control in
greenhouse#\nn. Rev. Entomo83: 239-269.

van Lenteren, J. C. 2000. Measures of successalodital control of arthropods by
augmentation of natural enemies. In S. Wratten@nGurr (eds). Measures of Success
in Biological Control. Kluwer Academic Publisheii®e Netherlands. pp. 77-103

Wijkamp, 1., Almarza, N., Goldbach, R. and Pet&s,1995. Distinct levels of specificity
in thrips-transmission of tospovirus&hytopathologyd5, 1069-1074.

Wimmer, D., Hoffmann, D. and Schausberger, P., 2608y suitability of western flower
thrips, Frankliniella occidentalisand onion thripsThrips tabacj for the predatory mite
Amblyseius swirskiBiocontrol Sci. Technol. 18(6): 533-542.

Winder, L., Alexander, C. J., Holland, J. M., Wengl] C., & Perry, J. N., 2001. Modelling
the dynamic spatiotemporal response of predatotetsient prey patches in the field.
Ecology Letters4(6), 568-576.

122



Yudin, L. S., Tabashnik, B. E., Cho, J. J., & MethW. C. (1988). Colonization of weeds
and lettuce by thrips (Thysanoptera: Thripidaayironmental entomology7(3), 522-
526.

123



124



Chapter 111

Opening greenhouses can affect the occurrence of herbivorethripsand

their natural enemies on ornamental crops?

Manuscript in preparation as:

Alberto Pozzebon, Andrea Boaria, Carlo Duso - Opgngreenhouses can affect the

occurrence of herbivore thrips and their naturaneies on ornamental crops?

In this work, | collected most of the data and thdfthe manuscript

125



126



Abstract

In modern greenhouses interactions with externair@mment are strongly limited and
the occurrence of pests is expected to be redutedever, this is not true for herbivore
thrips. This study was planned to show that opengmgenhouse structures is not
automatically related to an increase in thrips [@wis on ornamental crops. were .
Observations were performed in four greenhouse tomap devoted to the cultivation of
ornamentals. The occurrence of thrips pdatankliniella occidentalis(Pergande) and
Thrips tabaciLindelman and their natural enemigseflothripsspp. andOrius spp.) was
compared in semi-closed greenhouses (only roohioge) and open greenhouses (roof
and lateral openings). The effect of greenhousdiponginner or outer) inside plots was
also studied.F. occidentalisseemed to penetrate from the interior of the dreese
complex and was advantaged by -cultivation practieesl the connections among
greenhousedl. tabacidid not appear to be influenced by lateral opesingr the position
in the greenhousd.. tabacicaptures on traps placed at the roof suggestentiaitrole of
the greenhouses' surroundings in the colonizatigmaiected crops by this species. Lateral
openings promoted the colonization ®yius spp. but not byAeolothripsspp. Implications
of these results for the promotion of environmdpabund ornamental productions are

discussed.

I ntroduction

The cultivation of plants under greenhouses waaghbto get protection from adverse
environmental conditions, pests and diseases ahathe cultivation period (Gullino et
al., 1999). Therefore, the use of greenhouses Hewea the cultivation of several
ornamental plants outside of their original hakitdiroughout the World. Greenhouses are
designed to provide an ideal environment for plgrdwth, but on the other hand, can
provide optimal conditions for the development oany diseases and arthropods pests
(Hussey et al., 1967; Jarvis 1992). A major aimgreenhouses’ design is to limit the
continuum between external and internal conditiand the development of greenhouse
technologies is strongly affected by this purpdgentilation, screening, shading, cooling,
and heating are developed to manipulate the irterac between internal and external

greenhouse environments (Berlinger, 1999). How#werconjugation of different needs in
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plant growing is a challenge in greenhouse manageniBe exclusion of arthropods pests,
optimal ventilation and lighting inside greenhouses conflicting aspects that research in
screening technologies is attempting to conjugatg.,( Teitel, 2007; Ben-Yakir et al.,
2008; Shipp et al., 2011), but the consequencethafuse of insect-proof screens on
greenhouse internal climate are still matter otussion (Fatnassi et al., 2006; Tanny,
2013). Highly equipped, climate-controlled closedsemi-closed greenhouses represent
the cutting edge technology in this field (Heuvklet al., 2008, Vadiee and Martin, 2014).
In these greenhouses the interactions with extemaronment are strongly limited and the
occurrence of pests is expected to be reduced @omt al., 2008), although a precise
evaluation of implications in pest management ackihg.

Spatial component of pests occurrence in greenBousean issue with clear
consequences on the effects of above mentionedniypsase technologies on pest
management. Among arthropods of economic importdocerotected crops, herbivore
thrips Frankliniella occidentalis (Pergade) andThrips tabaci Lindelman are major
worldwide pests (Tommasini and Maini, 1995). The tirips species can infest cultivated
plants in field and greenhouse conditions, andfead and reproduce on a large number of
wild plants (e.g., Tavella et al., 1991; Pearsal 8yers, 2001; Pizzol et al., 2012). Along
with direct damage caused by feeding, they areovedf several viruses (e.g., Wijcamp et
al., 1995; Mound, 1996). Therefore, they are cargid with major concern on ornamental
crops (e.g., Parella and Jones, 1987; Jacobson; Cd8yd, 2009).

Due to their small size, it is generally assumeat tthispersal by wind can play an
important role in their colonization patterns, witidividuals having minimal control on
flight paths and destination (Lewis, 1997). Howeueke-off and settling phases of the
dispersal, as well as local flight can be contulby thrips and responses to colour, UV
reflectance, scent and host plant quality have betedied (e.g., Lewis, 1973, 1997;
Rhainds and Shipp, 2003, Rhainds et al., 2005;eBhitis and Shipp, 2006; Kigathi and
Poehling 2012). Within greenhouses, the presenteript can be observed in an aggregate
dispersion pattern (e.g., Steiner, 1990; Shipp Zamiffa, 1991; Nava et al., 1994; Cho et
al., 1998; Wang and Shipp, 2001; Park et al., 2088)v studies considered the spatial
component of thrips distribution in greenhousesgesting a role of greenhouse margins
and entries for the invasion and development gbshpopulations inside greenhouses (e.g.,
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Rhainds and Shipp, 2004; Poncet et al., 2010).

The promotion of biological control is a key factorthe framework of Integrated Pest
Management (IPM) in greenhouses (van Lenteren, 201 importance of augmentative
biocontrol against thrips is widely recognized, aimd warm winter climates natural
occurring biocontrol agents can be of particulapamance (Riudavets, 1995; Sabelis and
Van Rijn, 1997; van Lenteren, 2000). Thrips’ nak@a@emies can occur also in landscapes
surrounding greenhouses (Shipp et al., 1992; Tonmmn&O04; Trdan, 2005, Carvalho et
al., 2006; Bosco and Tavella, 2008, 2013; Cont)®0Atakan 2010; Veres et al., 2011).
Successful control of thrips by naturally occurrprgdatory bugs (i.eQrius spp.) has been
observed on sweet peppers under plastic tunnetsc(Bet al., 2008). Naturally occurring
Orius spp. can aggregate within greenhouses (Shipp.etl992), but information on
greenhouses openings on their distributions isanailable.

Knowledge on the colonisation patterns of greenbsusy pests and their natural
enemies requires ad hoc studies (Gabarra et @4)20his aspect can be of particular
importance since innovation in greenhouse indumteymoving toward the reduction of the
interactions of internal compartments with exteraavironment. Modern greenhouses are
often structured in big complexes where the conoestwith internal areas, such other
greenhouses or logistic areas, are likely to beatgrethan those with the outdoor
environment. The aim of the study was to understaadmplication of these factors in the

management of thrips pests in ornamental crops.

M aterials and Methods

Study system

The occurrence of thrips pests and their naturahees was compared in greenhouse
complexes characterized by semi-closed greenho(mdy roof openings) and open
greenhouses (roof and lateral openings). A firsbgarison involved greenhouse plots with
or without lateral openings. In each plot we alsalgated the effect of the position in the
greenhouse with respect of the connection with rimtecompartments, and lateral
openings/sidewalls on the abundance of thrips bhait hatural enemies. In particular, we

compared inner areas, located in proximity of tbanection with interior compartments
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with outer areas, close to lateral openings awgadls of the complex.

This study was performed from 2011 to 2013 in fgreenhouse complexes devoted to
the cultivation of ornamentals. All greenhouse ctaxgs were located in the Veneto region
(North-eastern Italy) and shared similar outdoamate parameters (Mediterranean North
environmental zone according to Metzgerakt 2005). In all greenhouses, computer
controlled roof openings and ventilators were pnes@reenhouses considered in this work
were rectangular shaped and with glass used asricgvenaterials at the roof and
polycarbonate sidewalls. Within each complex a nembf independent plots were
identified and classified as “with lateral openihidateral openings were present on more
than 25% of their perimeter, or “without lateralemings” if no openings on their perimeter
occurred. Five “with lateral openings” plots angefi “without lateral openings” plots were
identified. At the end of June 2012, one plot withéateral opening was opened on one
side and thus it changed its category. Openinge wegulated using computer controlled
systems, from late spring until autumn in ordem@intain an indoor temperature of 25°C.
In all greenhouses common cultivation practices ewadopted and fungicides and
insecticides were applied when needed to contrgbmpeests and diseases.

Observations were performed from June to Septemt2d11, from April to August in
2012, and from April to July in 2013. During obsa&tien periods the same ornamental
plants (e.g.Pelargoniumspp., Cyclamenspp.,Rosaspp., Impatiensspp., Primula spp.)
were cultivated in the different plots. Data oneicisabundance were obtained using 15 x 15
cm light yellow and blue glue sticky traps fastemedmall plastic stakes. Within each plot
a group of 3-4 traps were placed every 5-10 m énitlher and outer areas distant 25-50 m.
Traps were placed every 15 days initially in thanplcanopy and raised up during plants
growth; they were collected after a week, coverdti wlastic wrap and transferred to the
laboratory where insects were identified and cadinb@der a dissecting microscope.
Frankliniella occidentalisandT. tabaciwere identified following the descriptions repakte
in Moritz etal. (2004) and Marullo (1993). Among natural enemmgdatory thrips and
Anthocoridae were the most abundant and their iiileation was performed at genus level
following Péricart (1972) and Mound and Kibby (1998
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Data analysis

Data on herbivore thrips and predatory insectsuredton traps during the three years
were separately analysed using a Restricted Maxinwkelihood (REML) repeated
measures model with the Proc MIXED of SAS (SASitast Inc., 1999). In this analysis
lateral openings, position in the greenhouse, yeag of sampling nested within year and
their interactions were considered as source aatran for F. occidentalis T. tabaciand
predatory insects captures. F test was used taaeatheir effectsa(= 0.05). Groups of
traps positioned in the same plots and position igteenhouses were considered as
replicates in the analysis. In the model, “greersigocomplex” and “plots” were considered
as random effect terms. Degrees of freedom welen@&d using the Kenward—Roger
method (Littell et al., 1996). According to Aikaikelnformation Criterion, first-order
autoregressive proved to be the best fitting cewae structure for correlating different
sampling dates made on the same plot (Littell.etL@96). Differences among treatments
were evaluated with a t-test £ 0.05) to least square means. The SLICE optiothef
LSMEANS statement was used to partition effectsati@mn during observation periods
(SAS Institute Inc., 1999). All data were checked mormality assumption and thus the
numbers of insects per traps were square rootftnaned.

Results

Herbivorethrips

Frankliniella occidentalisadults were continuously captured during the olaem
period and this species was dominant among hesivoips in the greenhouses (Figures 1,
2). F. occidentaliscaptures were influenced by the position in theeghouse resulting
higher in the inner part (Table 1, Figure 1). Thersdance of. occidentalisadults varied
among time within year with differences betweeregtreuses with lateral openings (2011:
F7 310= 1.78;P = 0.091; 2012: & 304 = 4.62;P < 0.001; 2013: F 31+ 4.46;P < 0.001;
Figure 1), and greenhouses without lateral openj2@%1: F 310= 2.04;P = 0.051; 2012:
Fo, 167= 1.85;P = 0.058; 2013: ;155 10.04,P < 0.001; Figure 1).

Thrips tabaciwas also captured in the greenhouses during tke tears (Figure 2), but

no effects of position in the greenhouse nor adritopenings were found (Table 1). The
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number ofT. tabacivaried among years, with higher captures in 20k 2011 ¢, =
2.86;P = 0.005; Figure 2) and 201343= 5.18;P < 0.001; Figure 2), and in 2011 compare
to 2013 (to1 = 2.33;P = 0.0217; Figure 2). The number of captures vametime within
years (Table 1). A variation in time of populatidensities was observed in the three years
where lateral openings were present (20%1335= 2.47;P = 0.017; 2012: § 33,= 5.55;P

< 0.001; 2013: F 33~ 3.53; P = 0.001; Figure 2), while only in 2012 where tate
openings were absent (201%; 7= 1.09;P = 0.367; 2012: §-336= 4.37;P < 0.001; 2013:

F7 335 0.79;P = 0.598; Figure 2).
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Table 1- Results of Restricted Maximum Likelihood repeateshsures analysis with
number of herbivore thrips captured on traps asi@gnt variables. Degrees of

freedom in all models were calculated using thew@d-Roger method.

Sour ces of variation F d.f. I P

Frankliniella occidentalis

Lateral openings 089 1 ; 32.0 0.352

Position in the greenhouse 16.25 1 ; 121.0 <0.001

Year 031 2 ; 59.5 0.734

Time (Year) 5.86 23 ; 334.0 <0.001

Lateral openings * Position intr 0.41 1 ; 123.0 0.524
greenhouse

Year * Lateral openings 199 2 ; 126.0 0.142

Time (Year) * Lateral openings 3.26 23 ; 350.0 <0.001

Year * Position in the greenhous 1.42 2 ; 127.0 0.247

Time (Year) * Position in th¢ 0.41 23 ; 349.0 0.994
greenhouse

Year * Lateral openings = 0.72 2 ; 129.0 0.491
Position in the greenhouse

Time (Year) * Lateral openings 0.73 23 ; 349.0 0.812
Position in the greenhouse

Thrips tabaci

Lateral openings 194 1 ; 47.5 0.170

Position in the greenhouse 043 1 ; 82.8 0.512

Year 13.77 2 98.9 <0.001

Time (Year) 424 23 ; 347.0 <0.001

Lateral openings * Position intr  0.23 1 ; 86.8 0.629
greenhouse

Year * Lateral openings 1.77 2 ; 102.0 0.175

Time (Year) * Lateral openings 1.77 23 ; 346.0 0.017

Year * Position in the greenhous 0.13 2 ; 97.1 0.875

Time (Year) * Position in the 1.12 23 ; 347.0 0.324
greenhouse

Year * Lateral openings =~ 0.27 2 ; 102.0 0.765
Position in the greenhouse

Time (Year) * Lateral openings 0.45 23 ; 346.0 0.988

Position in the greenhouse
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Predatory insects

Among predatory insects, those belonging to theegekeolothripsspp. andOrius spp.
were frequently recorded (Figures 3, 4). The nunatbéeolothripsspp. was not influenced
by the presence of lateral openings and the pasitidhe greenhouse (Table 2, Figure 4).
Captures varied among years (Table 2, Figure 3)igher number of predatory thrips was
captured in 2011 than 2012,(#= 5.31;P < 0.001; Figure 3) and 20134(t= 3.39;P =
0.002; Figure 3), while no differences emerged ketwcaptures in 2012 and 20134t
1.43; P = 0.156; Figure 3). A variation in captures vedsserved in time within years
(Table 2, Figure 3), but this was observed in twb af three years in greenhouses with
lateral openings (2011:;k27= 12.79;P < 0.001; 2012: §3,7= 2.39;P = 0.012; 2013:
313= 2.65;P = 0.011; Figure 3), while only in the first year greenhouses without lateral
openings (2011: 325 = 9.06;P < 0.001; 2012: § 320 = 0.63;P = 0.769; 2013: F 326
1.51;P = 0.163; Figure 3).

Orius spp. densities were higher where the greenhouses laterally opened (Table 2;
Figure 4). Their numbers varied among years ane tivithin year (Table 2). A higher
number ofOrius spp. was captured in 2011 than 203§ 3.84;P < 0.001; Figure 4) and
2013 (&s2= 5.10;P < 0.001; Figure 4), while no differences emergetiveen captures in
2012 and 2013 §;= 1.70;P = 0.089; Figure 4). A significant interaction “lea&l openings
* time (year)” was observed: the variation in timéthin year was significant in the
greenhouses with lateral openings,s(kso = 6.17;P < 0.001; Figure 4), while was not

significant in greenhouses without lateral openiftgs 365 0.77;P = 0.783; Figure 4).
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Table 2 -Results of Restricted Maximum Likelihood repeatedasures analysis
with number of predatory insects captured on trapsthe dependent variables.

Degrees of freedom in all models were calculatedguhe Kenward-Roger method.

Sourceof variations F d.f. P
Aeolothrips spp.
Lateral openings 001 1 ; 22.5 0.968
Position in the greenhouse 149 1 ; 92.6 0.226
Year 1406 2 ; 50.2 <0.001
Time (Year) 6.63 23 ; 337.0 <0.001
Lateral openings * Position in tt 291 1 ; 94.7 0.091
greenhouse
Year * Lateral openings 021 2 ; 99.9 0.810
Time (Year) * Lateral openings 249 23 ; 344.0 <0.001
Year * Position in the greenhouse 0.33 2 ; 106.0 0.722
Time (Year) * Position in the 0.72 23 ; 344.0 0.823
greenhouse
Year * Lateral openings * Positic 0.32 2 ; 109.0 0.728
in the greenhouse
Time (Year) * Lateral openings 0.47 23 ; 343.0 0.982
Position in the greenhouse
Orius spp.
Lateral openings 9.07 1 ; 5.8 0.025
Position in the greenhouse 0.03 1 ; 174.0 0.864
Year 1438 2 ; 184.0 <0.001
Time (Year) 3.03 23 ; 357.0 <0.001
Lateral openings * Position in tt 043 1 ; 174.0 0.512
greenhouse
Year * Lateral openings 266 2 ; 185.0 0.073
Time (Year) * Lateral openings 213 23 ; 357.0 0.002
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Year * Position in the greenhouse 0.49 2 ; 180.0 0.615

Time (Year) * Position in the 0.45 23 ; 356.0 0.988
greenhouse

Year * Lateral openings * Positic 0.68 2 ; 180.0 0.510
in the greenhouse

Time (Year) * Lateral openings 0.52 23 ; 356.0 0.971

Position in the greenhouse
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Discussion

Factors here considered caused different effectshentwo herbivore thrips species.
Results showed an important role of greenhouseezioms with interior compartments on
the occurrence df. occidentalisresulting higher in inner plot areas; in contrast effects
of lateral openings were found on the abundandtisfspecies. The inner and outer parts
of plots were similar in terms of climate parametét. occidentalisis characterized by a
low dispersal ability within the greenhouse (Rhaiaehd Shipp, 2004). The higher number
of individuals captured in the inner areas suggtss major inflows in greenhouses are
originated from the doors connecting greenhousesthter cultivated plots or logistic and
service areas. The latter are used for internaktes and short —term storage for both in-
and outgoing plants and cultivation materials. Mwer doors are used by workers. This
confirms previous observations made on protectsdsan France (Poncet et al., 201R).
occidentaliscan colonize greenhouses from plants moved outdidlee plots close to the
doors, and for some extent also transportation bykers can also contribute. It is well
known that artificial dispersal linked to humanities is the major driver in long distance

spread and invasion patterns of this pest (Levé971Morse and Hoddle, 2006).
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Regardingr. tabacino clear patterns emerged in our study. This shdig not appear to
be influenced by lateral openings nor the positiothe greenhouse. It has been found that
T. tabacipopulation can first aggregate at the greenhouargims and then inside (see
chapter 1 of this thesis). Some traps were plateskdo the roof openings to investigate
possible thrips flows from outsidd@. tabaciwas frequently captured on these traps (data
not shown), while few captures Bf occidentalisvere detected.

Results suggest a different greenhouse colonizgt@dtern between the two species.
occidentalisseems to penetrate from the interior of the greesd@omplex advantaged by
cultivation practicesT. tabacican come from outdoors and enter the greenhousagh
roof opening even if previous factors acting Foroccidentaliscould be also involved.

Observations carried out in two experimental greesk complexes showed that
tabaciis frequent outside greenhouses, whileoccidentaliss much more frequent inside
(see chapter 1). The two species differ in theiigios. T. tabaci, native of the
Mediterranean area, is established in temperats @iace long time, and is well adapted to
outdoor conditions (Mound, 2005; Morse and Hoda@)6).F. occidentalisis considered
endemic to Western North America, from Mexico t@#a (Bryan and Smith, 1956), its
establishment and spread in Europe and elsewhetensidered to be associated to an
“insecticide resistant glasshouse” strain that gmefprotected environments to outdoor
conditions of temperate climates (Tommasini andai995; Mound, 1995; Morse and
Hoddle, 2006; Kirk and Terry, 2003). Recent redearsing molecular techniques support
the existence of these different cryptic speciediges (so-called “glasshouse” and
“lupin”) in F. occidentalistRugman-Jones et al., 2010; Yang et al., 20E2hccidentalis
shows extraordinary ecological niche adaptatiow, s has been suggested a key-factor
determining the invasion by western flower thriBsunner and Frey, 2010). These authors
hypothesized that the spread Fof occidentaliswas determined by the adaptation of an
ecotype originating from a restricted source aned/a pre-adapted genotypes having an
advantage in greenhouse conditions. The adaptatioR. occidentalisto greenhouse
conditions could also explain the different thrgaspulation levels (average of three years:
18.67 F. occidentalitrap vs. 2.73T. tabacitrap) found in greenhouses. Pesticide
resistance can be another important factor invoivethese differences since both thrips
species can develop resistance (e.g., Bradsga29d; $Shelton et al., 2003). Moreover, the
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glasshouse strain df. occidentalisis characterized by a high resistance to pesscide
(Brgdsgaard, 1994; Martin and Workman, 1994). Adocay to the Arthropod Pesticide

Resistance Database__ (http://www.pesticideresisteoc, 157 cases (23 active

ingredients) of resistance have been reportedHooccidentaliswhile 76 cases (14 active
ingredients) forT. tabaci Pesticide use in the greenhouse is likely to peslection
pressure on the two thrips and theoccidentalis‘glasshouse insecticide resistant” strain
could be advantaged ovér tabaci

Regarding natural biocontrol agents, an effectatérbl openings was found @rius
spp. rather than o@elothrips spp. However, in traps placed close to roof opgin
predatory thrips were frequently captured with &eization patterns similar td. tabaci
(see also chapter 1). The presence of both predatas not high during the observation
period, and their establishment was probably lichibg pesticide use. Results suggest that
the colonization of greenhouses by naturally odgogrpredators is enhanced by openings.
Outdoor a range oDrius spp. species can effectively control thrips (van\teire and
Degheele, 1992; Riudavets, 1995; Tavellalet1994, 2000; Bosco etl., 2013). Natural
occurring anthocorids can perform better Bn occidentalispopulations than released
species (Bosco atl., 2008). The potential of predatory thrips asdmatal control agents is
less known (Riuvadets and Castafié, 1998; Trdah,20D5), but promising results k.
occidentalis control on ornamentals has been recently obtaibgdFranklinothrips
vespiformis Crawford augmentative releases (Pizzolakét 2007; Poncet eal., 2008;
Nammour egal., 2008).

Results obtained here have implication for pestagament of thrips pest in modern
greenhouses. The use of insect-proof screeningeghl@n ventilation openings of the
greenhouse is expected to have minimal impactEoonccidentalis,the pest of primary
importance for greenhouse ornamentals (Cloyd, 20@9) colonization of greenhouse
comes mainly from indoor. Major importance for ttantrol of this thrips is the control of
door openings and insects carried passively by &rerkOur results indicate that areas
around doors are at higher risk Bf occidentalisestablishment and outbreaks and this
should be considered in pest scouting and contedsures. Rhainds and Shipp (2004)
considering the limited dispersal & occidentalis concluded that outbreaks may be
effectively suppressed by applying insecticidesadeasing natural enemies in relatively
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small concentric areas surrounding the edges einfpauses. We can add to this conclusion
that major attention in control measures applicatghould be place to area around
connection area with interior compartments.

The use of thrips-proof screening (Teitel, 2007 aitdtion therein) is likely to have
major implication forT. tabaci On the other hand, the use of screens will exclink
occurrence of natural enemies. These aspects sheutdrefully considered in the context
of IPM in ornamental crop systems. In these systeims zero tolerance for aesthetic
injuries has limited the use of biological contirofavour of chemical control. However the
use of biological control is increasing, mostly &ese of the occurrence of resistance (van
Lenteren and Woets, 1988; van Lenteren, 2000). Modest management in ornamentals
is now targeted to minimal aesthetic injury usitglistic’ approach (Cloyd, 2009). In this
scenario the promotion of natural biological cohisban important point that should be
conjugated with the others cultivation needs iregh®use design. An interesting approach
in this direction is the selective use of insedgbrscreens when and where is necessary to
prevent immigration of insect pests and promoteilaion, as proposed by Ben-Yakir et
al. (2008). The promotion of the greenhouse coltion by natural enemies should be also
included in future research on greenhouse designhf® promotion of environmentally-

sound ornamental productions.
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Abstract

Frankliniella occidentalisis a major pest in agriculture. Problems in itsitodl are
mainly due to cryptic behaviour and insecticidastasice exhibited by this pest. The use of
Biological Control Agents (BCAs) and biopesticidagainst thrips pests can represent an
alternative to insecticide use. We evaluated tliecg¥eness of a number of BCAs in the
control of F. occidentalispopulations on cyclamens under semi-field condgioThree
BCAs (Amblyseius swirskiiNeoseiulus californicuandOrius laevigatuy were applied at
canopy level and twoMacrocheles robustuluand Steinernema feltigeat soil level. We
compared the control level obtained by single amhlmined releases of BCAs at canopy
and soil levels in greenhouse conditions using ciofal design experiment. The most
effective BCAs at canopy level were the predatorgswhile both BCAs used at soil level
determined satisfactory control. The combined sdeaf BCAs on the canopy and the soil

resulted an effective strategy for biological cohtf F. occidentalison cyclamens.

I ntroduction

Frankliniella occidentalisPergande is one of the most economically imponest of
greenhouse ornamentals around the World (TommasohiMaini, 1995). It causes serious
direct damage by feeding to flowers and leaveslihggto a reduction in economic value of
various ornamental crops (Lewis, 1997; Cloyd, 2009 also of importance as vector of
plant viruses: TSWV (Tomato Spotted Wild Virus) lalso TSV (Tobacco Streak Virus)
and INSV (Impatients Necrotic Spot Virus) can b&eively transmitted to susceptible
crops (e.g., Allen and Matteoni, 1988; Reley et 2011).F. occidentalisacquires viral
particles from infected plants as larvae and trangimem as adults (e.g., Ullman et al.,
1997; Whitfield et al., 2005).

F. occidentalisis characterized by a cryptic behaviour: first a®tond instars, and
adults are canopy inhabiting stages while pupabiocur in soil or in hidden sites within
flowers (Tommasini and Maini, 1995; Broadbendakt 2003; Berndt eal., 2004). The
choice between soil or flowers for pupation depeonselative humidity (pupation occur
into soil with RH < 81%) or the availability of ldén sites (Buitenhuis and Shipp, 2008;
Steiner et al., 2011; Holmes al., 2012). This behaviour together with insecticide
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resistance makes this insect a difficult pest totmd (Brgdsgaard, 1994; Jensen, 2000;
Jacobson adl., 2001; Kiers eal., 2000). Pesticide resistance has promoted agstnb@rest
for biological control agents (BCAs) and this pheremon has involved ornamental crops
as well (van Lenteren, 2000; Cloyd, 2009). Mosthe proposed biocontrol strategies on
ornamentals considered the use of BCAs against pgadwelling stages (e.g.,
Glockemann, 1992; Van de Veire and Degheele, 1%82davets, 1995; de Courcy
Williams, 2001; Skirvin et al., 2006; Van Driesatieal., 2006). More recently attention has
been posed to the control of soil-dwelling stagegy.( Buitenhuis and Shipp, 2005;
Messelink and van Holsten-Saj, 2008; Arthur and&#e2006; Skinner, 2012).

In ornamental crops pest damage is often relatatidcaesthetic value of these crops
(Parella and Jones, 1987; Cloyd, 2009). In thimé&aork it is assumed that more control
tools should be applied to provide satisfactoryels\of pest control (van Lenteren, 2000).
Some studies on the biological controlFofoccidentalison ornamentals were performed
combining the predatory mitééeoseiulucucumeris(Oudemans) antHlypoaspis aculeifer
(Canestrini) (e.g., Linnaméaki et al., 1998; Wiethadt al., 2004; Thoeming and Poehling,
2006). More recently, the combined use of wide eanff BCAs at the canopy and soll
levels has been planned, in particular in Aussialée.g., Manners et al., 2013).

In this paper we focused on the combined use of 8&gainst canopy and soil dwelling
life-stages ofF. occidentalis We used two predatory mitgsmblyseius swirskiAthias-
Henriot andN. cucumeris(Acari: Phytoseiidae) and the predatory bDgus laevigatus
(Fieber) (Heteroptera: Anthocoridae) at canopyllevhile the predatory mit®lacrocheles
robustulus (Berlese) (Acari: Macrochelidae) and the entomagéic nematode
Steinernema feltiagilipjev) (Rhabditida: Steinernematidae) at se¥lel. Predators used at
canopy level are well know. occidentalisantagonists used in augmentative or inundative
biocontrol strategies on various crops includingamnentals (e.g., Jacobson et al., 1997;
Skirvin et al., 2006; Messelink et al., 2008; Bahais et al., 2014). The entomoparasitic
nematodeS. feltiaecan be employed against occidentalisin ornamental crops through
foliar or soil applications, but soil applicatiomse considered most cost/effective (e.g.,
Ebbsa et al., 2001; Buitenhuis et al., 2005; Aghand Heiz, 2006; Trdan et al., 2007).
Less studies are available dh robustulusthat is a soil inhabiting mite, used agaifst

occidentalison chrysanthemum (Messelink and van Holsten-S&8p
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This study was performed on potted cyclamens,atetonsidered optimal crops for the
application of biological control due to their lopgoduction cycle (de Courcy Williams,
1993). F. occidentaliscan cause both direct and indirect damage (vexjovirus) to
cyclamens (Allen and Matteoni, 1988). We compatkd control level obtained by single
and combined release of BCAs, at canopy and saldan greenhouse conditions using a
factorial design experiment.

M aterials and Methods

Insectsrearing

Thrips rearing was performed according to the nuktbescribed by DeGraff et al.
(2009) withminor changes. Thrips were reared on cucumber $ehe&l into rectangular
boxes (30cm x 15cm x 20cm), supplied weekly withllgpo (Typha latifolig and
replenished by water for assuring optimal humidityditions. Rearing units were kept at
25+1 °C, 70% = 10% of relative humidity, and a mperiod of 16:8 (L:D). Thrips were
transferred from the cultures to the experimemialst using plastic tubes.

Experimental design

The experiment was carried out in a greenhousenguf012 to evaluate the
effectiveness of various BCAs agaiistoccidentalisat canopy and soil level. Cyclamen
potted plants (cv. Halios) were used in these exystt. Four potted cyclamen plants with
well-developed flowers (pot diameter 20 cm) weré ipto cages (1t 1m x 1m). Cages
were built with metal layer at the bottom side amel other sides enclosed with mite-proof
net, to allow plants illumination and avoid thripgnd BCAs escaping. Each plant was
infested with about 10 adults and 50 juveniles tweeks prior to the first BCAs
application. Plants were placed on greenhouse #odrmaintained regularly watered and
fertilized during experiment. Climatic conditions the greenhouse were kept at 18 + 8°C
and 63 % + 15% R.H.

The experiment was performed applying a factoresigh where canopy application of
BCAs and soil application of BCAs constituted tke texperimental factors. BCAs were

introduced on the canopy or the soil following th&idelines provided by producers and
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referring to high infestation levels. The factordipy” had four levels: 1) release®fius
laevigatus(Thripor-L; Koppert; release rate: 10 individuai$); 2) release oNeoseiulus
cucumeris (Thripex-V®; Koppert; release rate: 100 individual§m 3) release of
Amblyseius swirskiiSwirski-Mite®; Koppert; release rate: 100 individualé)m4) Control,
with no BCAs released on the canopy. The factonl*Swd three levels: 1) release of
Steinernema feltia@Nemasys®; Becker Underwood; release rate: 250@di0iduals/nf);

2) release oMacrocheles robustuluBerlese (Macro-Mite®; Koppert; release rate: 250
individuals/nf) 4) Control with no BCAs released on soil. A totdl 12 treatments each
with 4 replicates were compared (Table 1). All BOAere released within 24 h of their
arrival in the laboratory. Predators were reledsgdlispersing the material on the plant
canopy or the soil. Nematode release was perfotsgeddrench application of 2 litrefrof
nematode suspension.

Prior to BCAs release the populationfFofoccidentalisvas estimated by shacking plants
canopy onto a white sheet of paper and countingrfahdividuals. After BCAs release, the
abundance of. occidentalispopulation and predatory mites was assessed b¥lyee
samples of eight leaves and four flowers per pladditionally, visual inspection of plants
was used to evaluate the abundance of predatory. [fmmples were analysed under a
dissecting microscope for thrips counting and Ife&ages identification. In order to
determine the presence and the persisten& @dltiaesandM. robustulusabout 15 ml of
soil were collected from each pot every week aratqd inside two 50 ml sterilized vials
for a total of 30 ml of soil. One sample from eaelplicate was used to evaluate the
presence of entomoparasitic nematodes using @adléria bait method” (Zimmerman,
1986), i.e. 3-4Galleria mellonellalarvae per soil sample. To evaluate the persistens.
feltiae in the soil we evaluated the infection rate, as tlamber ofG. mellonellalarvae
showing symptoms d8. feltiaeinfection on the total number of larvae introdudedsoil
samples. The other samples were analysed undesctiilgg microscope to evaluate the
presence ofM. robustulus The samples were performed weekly until 35 days1\fBCAs

release
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Table 1 - Experimental design with treatments idiet by combinations of experimental

factors.

Treatment  soil application canopy application

1 Control A. swirskii
2 Control N. cucumeris
3 Control 0. laevigatus
4 Control Control

5 S. feltiae A. swirsKii
6 S. feltiae N. cucumeris
7 S. feltiae O. laevigatus
8 S. feltiae Control

9 M. robustulus A. swirskii
10 M. robustulus N. cucumeris
11 M. robustulus O. laevigatus
12 M. robustulus Control

Statistical analysis

Data onF. occidentalis population observed on plants prior to BCAs re¢ewere
analysed with a a Restricted Maximum Likelihood fRE ANOVA model with the
MIXED procedure of SAS (SAS Institute, 1999) antfatences among treatments were
evaluated with an F test &= 0.05). Data orf. occidentalispopulation and predators
observed on flowers and leaves after BCAs release analysed with a Restricted
Maximum Likelihood (REML) repeated measures ANOVAderl with the MIXED
procedure of SAS (SAS Institute, 1999). DensitiésFo occidentalisand predators
observed on flowers and leaves were analysed sefyaend considered as response
variables with repeated measures made at difféiraes, i.e. sampling dates. Using a F
test @ = 0.05) we evaluated the effect of experimentaltdiss, time and their
interactions. Differences among treatments werduated using a t-test to the least-
square meanso (= 0.05). Slice option was used to partition F tebtsignificant
interactions between experimental factors. The KadviRoger method was used for
degrees of freedom estimation. According to Aikakaformation Criterion, first-order
autoregressive proved to be the best fitting cewveme structure for correlating different

sampling dates. Data were checked for analysisngstsons and data recorded on
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flowers were used as untransformed, while data friemves were square root

transformed.

Results

Phytophagous thrips

Prior to BCAs releases no differences in term& .obccidentalisdensities were found
among treatments (Table 2; Figure 1). On flowers mamber of thrips peaked in the
control 15 days from the beginning of the experimand then declined (Figure 2). After
BCAs releaseF. occidentalispopulation were influenced by BCA applicationscamopy
and soil and by time (Table 3). Considering tresita applied at the canopy levEl,
occidentalis infestation level was higher in the control congohrto BCAs release
treatments (vsN. cucumens: t sgs= 5.69; P < 0.001; v. laevigatustsgs= 3.11; P =
0.01;vs. A. swirskii tsg5= 6.57; P < 0.001; Figure 2). Lower thrips popuas were found
in A. swirskiicompared td®. laevigatugelease (§95= 3.11; P = 0.02; Figure 2) and bh
cucumeriscompared toO. laevigatusrelease (95 = 2.58; P = 0.01; Figure 2). No
differences emerged betwegn swirskiiandN. cucumerigeleases @ys= 0.88; P = 0.38;
Figure 2). Among the treatments applied at soikele¥. occidentalispopulation was
reduced by both treatments (Table 3; Figure 3) @wegpto the control (v84. robustulust
s505= 3.77; P < 0.001; vsS. feltiae t 595 = 2.31; P = 0.024; Figure 3). No differences
emerged between the two BCAs released on soibs@ 1.47; P = 0.148; Figure 3). A
significant interaction “soil * time” was observgd@able 2). The effect of time was
significant inS. feltiaetreatment (E s95= 4.26; P = 0.001) where a dramatic decrease was
observed from 21 days after release onwards (Figurbo effect of time was observed in
the other two soil treatments (Controk Eps= 1.71; P = 0.153M. robustulus F,, s95=
1.16; P = 0.331,; Figure 3).

F. occidentalispopulations occurred at lower levels on leaves tha flowers (Figure
4). A significant effect of BCAs released on canogyd soil were observed oOf.
occidentalison leaves (Table 3; Figure 4) but a significarteniaction between the two
experimental factors was observed (Table 4). THiecewas also affected by time (Table

3; Figure 4). The effect of BCAs release on soiswmnificant only where no BCAs were
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applied to the canopy (Controls F43= 16.09; P < 0.00IN. cucumerid, 743= 1.39; P =
0.256;0. laevigatusF, 743= 0.28; P = 0.754A. swirskii F, 743= 0.7; P = 0.498; Figure)
andviceversa(Control: F, 743= 13.69; P < 0.001S. feltiaeF,, 743= 2.93; P = 0.091M.
robustulus F,, 743= 0.49; P = 0.692; Figure 4). The application of A&ACto canopy
determined a reduction df. occidentalis(N. cucumeris:t 743 = 5.03; P < 0.0010.
laevigatus t 743= 5.29; P < 0.001A. swirskii t 743= 5.35; P < 0.001; Figure 4) and no
differences were observed among these treatmBntsuCcumeris/s. O. laevigatust 743=
0.27; P = 0.791N. cucumeriys. A. swirskii t 743= 0.33; P = 0.7430. laevigatusvs. A.
swirskii: t 743= 0.06; P = 0.955; Figure 4). A reductionkn occidentalispopulation was
also induced by the application of BCAs on the §8il feltiaet;43= 4.42; P = 0.002M.
robustulus t 743= 5.29; P < 0.001; Figure 4). No differences eméretween the two
BCAs applied on the soil {4 3= 0.88; P = 0.3834; Figure 4).

Table 2 - Results of ANOVA performed én occidentalisabundance observed on plants

prior to BCAs release.

Effect Num DF Den DF F value Pr>F
CANOPY 3 36 0.41 0.7437
SOIL 2 36 0.26 0.7639
CANOPY*SOIL 6 36 0.3 0.9329
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Figure 1 F. occidentalipopulation abundance observed on plants prioiGa®release.
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Table 3 - Results of factorial repeated measure©¥A performed onF. occidentalis
abundance observed on flowers and leaves after B€léase.

Effects F d.f. P
Frankliniella occidentalis on flowers
Canopy 17.45 3,595 <0.001
Soil 724 2; 595 0.002
Canopy * Soil 156 6; 59.5 0.174
Time 6.11 4;139.0 <0.001
Canopy * Time 0.64 12 ; 148.0 0.802
Soil * Time 471 8; 146.0 <0.001
Soil * Canopy * Time 1.11 24 ; 147.0 0.342
Frankliniella occidentalis on leaves
Canopy 9.15 3;743 <0.001
Soil 758 2,743 0.001
Canopy * Soil 363 6;743 0.003
Time 0.68 4;133.0 0.609
Canopy * Time 1.28 12 ; 145.0 0.234
Soil * Time 082 8; 1420 0.589
Soil * Canopy * Time 1.68 24 ; 145.0 0.034
8 _
" / \o
_ 61 O
25
e
2 S
=37
= 5 |
1 -
0
do7 di5 d21 d28 d32
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Figure 2 - F. occidentalis population abundance observed on cyclamen flowers
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Table 4 - Results of factorial repeated measure©¥A performed on predatory mites

abundance observed on flowers and leaves after B&€léase.

Effects F d.f. P
Predatory mites on flowers
Canopy 42.14 3,617 <0.001
Soil 0.98 2,; 617 0.381
Canopy * Soil 1.38 6; 61.7 0.238
Time 0.89 4 133.0 0.471
Canopy *Time 1.14 12 ; 144.0 0.330
Soil * Time 1.05 8, 141.0 0.404
Soil * Canopy * Time 0.83 24 ; 144.0 0.693
Predatory mites eggs on flower
Canopy 2.02 3, 63.6 0.120
Soil 0.25 2 ; 63.6 0.778
Canopy * Soil 0.25 6 ; 63.6 0.957
Time 0.87 4 ; 130.0 0.485
Canopy * Time 1.36 12 ; 142.0 0.192
Soil * Time 0.87 8; 139.0 0.540
Soil * Canopy * Time 0.87 24 ; 143.0 0.646
Predatory mites on leaves
Canopy 6.31 3,644 0.001
Soil 2.43 2; 644 0.096
Canopy * Soil 1.17 6; 64.4 0.334
Time 1.22 4 ; 140.0 0.304
Canopy * Time 0.72 12 ; 149.0 0.730
Soil * Time 1.20 8; 147.0 0.303
Soil * Canopy * Time 143 24 ; 148.0 0.104

Biological control agents

The presence oN. cucumerisand A. swirskiiwas observed on flowers and leaves
(Figure 5), whereas the occurrence @f laevigatuswas never observed. A sing(@.
laevigatus nymph was found in a replication of release tremti® 7 days from the
beginning of experiment. The presence of predatoitgs on flowers was higher on the
respective release treatments compared to othatmteamts (Table 4N. cucumerisvs.
Control: tg;.7= 2.57; P = 0.007N. cucumerigss. O. laevigatustes; 7= 2.42; P = 0.001A.
swirskii vs. Control: t5;.7= 9.87; P < 0.001A. swirskiivs. O. laevigatust g, 7= 9.54; P <
0.001).A. swirskiireached higher population levels comparel.tcucumerigtes; 7= 7.13;
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P < 0.001). No predatory mites were observed irctrgrol andO. laevigatudreatment(t
61.7= 0.00; P = 1.000). The presence of predatory eggs was found on flowers in their
release treatments but at a very low levels andhowit differences (Table 4; data not
reported).

On leaves onlyN. cucumerisand A. swirskiiwere observed among predators, but at
lower level compare to flowers (Figure 6). Theieggnce was higher on their release
treatments compared to other treatments (Tabl 8ucumeriys. Control: §44= 3.02; P
= 0.021;N. cucumeriys. O. laevigatustes 4= 3.02; P = 0.021A. swirskiivs. Control: 4.4
= 3.13; P = 0.015A. swirskiivs. O. laevigatust g;4= 3.13; P = 0.015; Figure 6). No
differences were observed between the densityeofvilo predatory mites {t 4= 0.11; P =
0.914; Figure 6). No predators were observederctintrol andD. laevigatugreatmentgt
64.4= 0.00; P = 1.000 ; Figure 6).

In soil samples the presence BF robustuluswas observed until the end of the
experiment in the respective release treatment avarage density of 3 mites per 15 ml of
soil. Regardings. feltiag its presence was detected in soil using thalleria bait method”
for the entire experiment (data not reported) \aithaverage infection rate of 85 — 100% in

G. mellonellalarvae.
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Discussion

The presence df. occidentaliswas higher on flowers than on leaves probably beza
thrips found food resources (i.e., pollen) and osipon sites in the former (de Jagerkt
1993; Gerin etl., 1999, Chau dl., 2005; Cloyd, 2009). It should be stressed tloatdrs
are of primary importance for cyclamen commercalan. Feeding activiti#. occidentalis
on flowers can determine discoloration and defolwnatwith a great reduction in
commercial value of this crop. The use of BCAs mmdli. occidentalispopulations on
flowers and predatory mite released on the canepippned better. BCAs released on the
canopy reduced thrips abundance on leaves at sid@leels among predators. Both
phytoseiids were found inside flowers, bt swirskii was more abundant thaX.
cucumeris However, no differences were reported between daherall control level
obtained by the two predatory mites.

The two predatory mites can feed on the same tistggges (Bakker and Sabelis, 1989;
Wimmer etal. 2008; Arthurs et al., 2009; Cuthbertsonakt 2012); our results contrast
with a previous comparative study performed on ouwmer whereA. swirskii showed
higher performance compared Kb cucumerigMesselink etal., 2006). In this paper the
number ofA. swirskii found at the end of experiment were about 9-faghér thanN.
cucumerisand the infestatiotevel found afterA. swirskiirelease was about 5-fold lower
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than that found afteN. cucumerisrelease. On the other hand, Buitenhuislet(2010)
found that predation rate and oviposition ratef cucumerideeding onF. occidentalis
first instars were higher than those exhibitedAyswirskiifeeding on the same prey. No
differences were observed between the predatienofathe two predatory mites drnrips
palmi Karny andThrips nigropilosusUzel on cucumber leaf discs (Cuthbertsoraket
2012). Equal performance in laboratory and betefopmance ofA. swirskij at plant level,
were found by Arthurs et al. (2009) comparing tffeat of N. cucumerisandA. swirskiiin
the control of chilli thripsScirtothrips dorsalifHood on pepper. They found no differences
in consumption rate and fecundity of the two predateeding thrips in laboratory, but on
plants in greenhouse and landscape condiforssvirskiiperformed better.

It should be noted that in studies performed ahtplavel, the effect of predators was
assessed ofr. occidentalis infestation on leaves. In another study diffee=ndn F.
occidentaliscontrol by the two predators were lower on leahes on flowers (van Houten
et al.,, 2005). In a previous stud¥,. occidentaliswas categorized as suboptimal (e.qg.,
compared to pollen and whiteflies) food sourceXoswirskii(Wimmeret al, 2008). In the
same study, authors suggest that the populatiomtiyroapacity ofA. swirskiifeeding orF.
occidentalisis not higher than that &f. cucumeri®n the same prey (by a comparison with
data reported by Castagnoli and Simoni, 1990). iBlesexplanations of differences
observed between the two predatory mites may laecklto alternative food availability.
These predatory mites are classified as type-Ihlegaist predators (McMurtry and Croft,
1997; McMurtry etal., 2013), thus they can feed on various food sourtgaded pollen
that is an abundant alternative food in flowersoAt knowledge no direct comparisons on
the effect of cyclamen pollen ( and other pollexajaon the life history parameters of the
two predators have been published. Recently twensapave been published by the same
laboratory on the effect of various pollen taxatba life history parameters of the two
phytoseiids (Goleva and Zebitz 2013; Ranabhal.e2013). In these papeks cucumeris
and A. swirskiiwere reared with different kinds of pollen undiee tsame conditions\.
swirskii showed a higher performance th&h cucumeris(in term of mortality and
demographic parameters) by feeding on pollResults suggest that pollen is a more
suitable food source fok. swirskiithan forN. cucumerisAmong generalist phytoseiids it
has been observed that predation can be reducpcesence of alternative food sources
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(Wei and Walde, 1997; Zemek, 2005). A predator khptefer to exploit a more profitable
food and switch to a less profitable when the formescarce (Murdoch 1969; van Baalen
etal., 2001).

Hence the outcome of biological control can beuficed by the relative quality and
guantity of different food sources (Srinivasu at, 2007). We have no data on the
preference of the two predatory mites for thripgpolien, but life history parameters can
provide an estimation of the relative quality/shilidy of different food sources for
predatory mites (Sabelis, 1985; Dicke at, 1990). According to laboratory data
occidentalisshould be equally suitable for the two predatorergas pollen is a more
suitable food source fak. swirskii At higher pollen availability, this predator shayrefer
to feed in this food source resulting distract fronedation. On leaves, with lower pollen
availability, a higherA. swirskii performance in preying. occidentalisis expected. The
higher performances if. occidentaliscontrol exhibited byA. swirskii compared toN.
cucumerisseems not related to differences in populationvgracapacity observed between
the two predators, but probably to differenceshieirt behavioral and physiological traits
(e.g., Wimmer eal., 2008; Zilahi-Balogh edl., 2007; Arthurs et al., 2009).

We observed a relatively low performance ©f laevigatuswhen compared with
predatory mites. However we were not able to dgteetlatory bugs after the first week
post-release. By looking at the dynamicsFofoccidentalison flowers, the reduction of
thrips population compared to the control seentsetoelated to the first week of predatory
bug activity; in fact, no further reduction emergafter. This may suggest th&.
laevigatuswas not active for the entire experimeft.occidentalisinfestation on leaves
was reduced at the same level of predatory mitagh® other hand). laevigatuscontrols
better thanA. swirskii thrips infestation on sweet pepper flowers (Weil, 2011).
Differences in these results could be determinedhyarchitecture of cyclamen flowers
that provided a refuge fét. occidentalisrom O. laevigatusindeed, host plant features are
known to influence predation by anthocorids (e(@p)l and Ridgway, 1995, Coll «l.,
1997; Coll and Izraylevich, 1997). The predatory lwias able to feed on thrips outside
flowers maybe on those found in senescent flowbtd, was unable to reach thrips
protected inside fresh flowers during the experimbBlio previous data are available on the
use of this species in augmentative strategiesnsig&i. occidentalison cyclamens.
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Limitation in predation ofF. occidentaliswithin flowers has been reported fQ@rius
majusculusWolff on chrysanthemum (Brgdsgaard and Enkega2085). The combined
release ofOrius insidiosusSay andA. swirskii did not provide additional control df.
occidentalison flowers compared tA. swirskiialone (Chow eal., 2010). In other studies
carried out on the same crop, anthocorids attaaneétter control oF. occidentaliswithin
flowers, but these results are not comparable Isecatithe use of different cultivars and
predatory bug species (e.g., Chovalket2008; Madadi, 2009; Manners, 2013).

BCAs released on the soil provided satisfactorytrobnof F. occidentalis The
entomoparasitic nematode in particular determimedetxtinction ofF. occidentalisat the
end of experiments. These results confirm previdaslings using M. robustulus
(Messelink and van Holsten-Saj, 2008) & deltiae(Ebbsa et al., 2001; Premachandra et
al., 2003; Buitenhuis and Shipp, 2005). The effectenbed here was determined by a
significant pupation of. occidentalis in the soil that exposed thrips to soil-dwelling
antagonists.

Using a factorial experiment we were able to deteiditive effect of soil and canopy
applications. The lack of significant interaction B. occidentalispopulation density on
flowers indicates that release of BCAs on soil andcanopy act independently (Sih et al.
1998). Therefore the addition of the two releasatagies will improve the control level of
F. occidentalis This is not obvious since in previous resultsdbmbined use of predatory
mites on canopy and soil did not improve the cdrifd-. occidentaligWiethoff, 2004) F.
occidentalisis considered a pest difficult to manage with civaiand biological control
measures on ornamental crops. Our findings show ttiea combined use of BCAs at
canopy and soil level against occidentalison cyclamens can be a useful strategy for the

improvement on biological control.
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Chapter V

Effects of Beauveria bassiana on Frankliniella occidentalis (Thysanopter a:

Thripidae) trough different routes of exposure

The Manuscript in preparation as:

Andrea Boaria, Alberto Pozzebon, Letizia Rossign@arlo Duso - Effects dBeauveria
bassianaon Frankliniella occidentalig Thysanoptera: Thripidae) trough different routés
exposure

In this work, | collected most of the data, conitéxd to the statistical analysis and drafted

the manuscript.
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Abstract

The potential oBeauveria bassianhas been tested on several agricultural pest epeci
included the Western Flower ThripBrankliniella occidentalis Pergande. However,
knowledge orB. bassianghrips interactions is limited. In laboratory bgsays, different
developmental stages &t occidentalis(first and second instars, adults) were exposed to
residual or topical applications ofBa bassianacommercial strain (JW-1, ATCC 74040).
Mortality varied according to life stage and typeesposure, reaching maximum levels
when the two routes of exposure were combined. By leand, topical exposure induced
the highest mortality of first instars. On the athand, residual exposure showed a higher
impact on second instars and adults. Combined expssletermined the highest mortality
rates. Results stress on the importance to favmeircontact of thrips witiB. bassiana
conidia to obtain a satisfactory control. In aduiti exposure t@. bassianadetermined
some effects on thrips development from immatuagest to prepupae. Treated first and
second instars showed a reduced development rade e#posed t®. bassianaesidues;
whereas topical exposure did not cause any effactdevelopment. The significant
reduction in thrips survival aftd8. bassianaapplications suggests that entomopathogenic
fungi can be considered an alternative to synthatticides. Implications for Integrated

Pest Management (IPM) are discussed.

I ntroduction

The Western Flower Thripsrankliniella occidentalis Pergande (Thysanoptera:
Thripidae) is a major pest of ornamentals and \ages, in particular in protected systems,
over the world. It can damage flowers, fruits, kemand shoots by feeding and egg-laying;
moreover, it can transmit tospoviruses (e.g., TSaWd INSV), causing serious crop losses
(Arzoneet al.,1989; Pappu edl., 2009). Growers usually apply various control swgas
against this pest based mainly on synthetic insides. HoweverF. occidentalishas
developed strains resistant to various pesticidas thus chemical control proved to be
ineffective in various regions (Immaraju et al.. 929 Jensen, 2000; Bielza ak, 2007;
Bielza, 2008). Increasing costs for thrips con&motl toxicological problems promoted the

search for measures alternative to pesticides.
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The potential of various predators, parasites fgegiatodes), parasitoids and pathogens
has been matter of study and some effective biogbagents have been identified (Shipp
et al., 2003, Loomans and van Lenteren, 1995; Sabelisvam Rijn, 1997; Butt and
Brownbridge, 1997). For instanceBeauveria bassiana (Balsamo) Vuillemin
(Hyphomycetes: Moniliaceae) is a well-known pathog@é various insect and mite pests
(Rehner, 2005; Inglis etl., 2001).

Some laboratory studies have demonstrated the silsitigy of juvenile stages, as well
as adults of~. occidentalisto B. bassiana(Shipp etal., 2003; Abe and lkegami, 2005;
Ugine etal., 2005a,b, 2006; Ansari at., 2008; Gouli etl., 2007; Suhua el., 2009; Gao
et al., 2012). Several environmental factors can infleetice effects ofB. bassiana
infection (Doberski, 1981; Inglis @l., 1996; Luz and Fargues, 1999; Jacobsai.e2001;
Meyling and Eilenberg, 2007; Mukawa &, 2011). Pathogenicity is also influenced by
developmental thrips stage (Ugineagt 2005a), the sex of adult thrips (Abe and Ikegami
2005), the host plant (Ugine ak, 2007a) and the level of exposure (Uginalet2005a).
Laboratory studies have underlined how differengceptibility to B. bassianacan be
observed on the same host life stages followinderdiht conidia acquisition levels
(Fernandez etal.,, 2001; Behle, 2006; Ugine et al., 2005lBeauveria bassiana
formulations can be distributed over the whole ggnar directly into the soil; thrips stages
may come into direct or indirect contact with coaidlepending on the substrate they
colonize (e.g., leaves or soil). They can be ingdby primary (topical exposure) and/or
secondary (residual exposure) conidia acquisitiggir(e etal., 2005a).

The potential susceptibility of different WFT dewpinental stages t®. bassiana
infection as a function of different routes of egpce still requires to be investigated as few
studies have been conducted on this topic (e.gneJgtal., 2005a, b). In this work, the
susceptibility of different developmental staged-obccidentalis(first and second instars
and adults) to increasing levels of exposureBtdbassianawas evaluated. Thrips were
exposed both to foliar deposits or topical appioret of aB. bassianasuspension in the
laboratory and then confined in holding cells. Maer, routes of exposure were combined
for an overall evaluation. The effects Bf bassianaon F. occidentalisdevelopmental rate
were also studied. Preliminary data have been tegdry Boaria eal. (2011, 2013).
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M aterials and methods

Thripsrearing and their selection for experiments

Thrips rearing followed a method described by DéGatal. (2009) with minor changes
(Boaria et al., 2011). They were reared on cucunfigts, held into rectangular boxes
supplied weekly withilypha latifoliapollen and replenished by water for assuring ogitim
humidity conditions. Cucumbers supplied both foodrse and oviposition sites. Rearing
units were kept at room temperaty#sb+1 °C), 70%+10% relative humidity, 16:8 (L:D).
This method allowed to produce a high number oheage thrips to be used for bioassays.

Then, thrips were collected from rearing units gsinfine brush and assigned to each
treatment according to their developmental stagst (instars, early second instars, late
second instars, and adult females). Early from kdeond instars were discriminated
according to the size of the abdomen relative eéohbad and thorax and the behavioural
traits (early second instars fed on leaves whdedasecond instars did not feed but moved

quickly in the cage in search of suitable sitespigpation).

Bioassay procedure

B. bassianasolution was obtained by a commercial formulat{strain JW-1, ATCC
74040, Naturali®), where a concentrated fungal conidia solution waixed with
coadjutants. The product contained at least 2.®xctnidia/ml and was stored at 4°C.
Conidial suspension was prepared mixing 0,15 mfoofmulation in 100 ml of sterile
deionized water.

The effect oB. bassianavas evaluated on first instars, second instarsadntt females.
The age of individuals was homogenised by collgcthre insects from rearing units every
24h. In trials, 2-3 days old French bean leaveswesed as a substrate. Bean plants were
grown in 15-cm diameter pots under greenhouse tiondiat the Department DAFNAE,
University of Padua. Before starting with trialsaves were washed under flushing water
and then dipped in 1% NaClIO solution for 2 min;ntheaves were rinsed under sterilized
deionized water. Thrips were confined in holdindgjlsceaving bean leaves as a substrate
following the procedure described by Dennehyaket(1993) for spider mites (Acarina:

Tetranychidae) and modified by Duso &t (2008). Four different treatments were
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compared according to an increasing leveBobassianaxposure: 1) untreated control; 2)
residual exposure (thrips were rearedBinbassianareated leaves); 3) topical exposure
(thrips were dipped in B. bassianaolution); 4) residual exposure + topical exposure.

Regarding residual exposure, sterilized bean leave® dipped in théB. bassiana
solution for 30 s and left to dry under sterile dibions. Then, leaves were added to the
holding cells as substrate. Untreated thrips wakern from rearing boxes using a camel
brush and confined into holding cells.

Concerning topical exposure thrips were immerseith@B. bassianasolution using the
micro-immersion bioassay (Dennebial 1993; Castagnobt al 2005). Thrips were then
drawn into small pipette tip, and successively, Bhebassianasolution was drawn up,
immersing the thrips for 30 s. The thrips were t&édrom the pipette, dried on filter paper
in sterile conditions, and transferred singly irttolding cells using a fine brush. In
combined exposure experiments treated thrips wenéined into holding cells havinB.
bassianareated leaves.

Five thrips were introduced into each holding cé&le latter were maintained under
controlled climatic conditions (23°C, 90% R.H. atit9 L:D). Each treatment comprised
ten replicates of five thrips each. Holding cellsrev daily monitored under a dissecting
stereoscope to assess the number of alive and ohelduals, as well as their
developmental stage. Escaped or flattened indilsduare considered.

Dead individuals were transferred on sterilizedstesied filter paper into 5-cm diameter
Petri dishes for fungi identification. Petri dishesre sealed with parafilm and incubated in
darkness at 25°C and 90% to favour fungal spoanaénd identification. Cadavers either
without mycosis or characterized by problems init@ntification of pathogens even after
10 days from thrips transfer, were put in 8-cm ditan Petri dishes containing PDA
solution (39g/l). Conidia need at least 9-18 hdermination, at optimal temperature and
relative humidity levels (Luz and Farguez, 1998rnaadez etal., 2001). Death from
fungal infection was confirmed by observing chagastic fungal eruption from cadavers
and subsequent sporulation (Deseo and Rovesti,)1992 identity of pathogens was
performed at the compound microscope (400x) wherad@ characters were analyzed

following description reported by Barnett and Hur{te998).
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Statistical analysis

Data on mortality of. occidentalisexposed td. bassianahrough different routes of
exposure observed after three, six and nine days amealysed using a factorial logistic
regression models. Separated analyses were r@aébrdevelopmental stage. The analyses
were performed using the GENMOD procedure of SASY $hstitute, 1999). The effect of
each experimental factor was evaluated with a Lhkeld—ratio G testo(= 0.05). Then, the
interactions among the different routes of exposweee investigated.

The effect of a single route of exposure when comdbiwith the others performing a
Wald xz test within the LSMEAN statement (SAS Institute 989 was partitioned. Abbott
(1925) mortality was also calculated.

To evaluate the effect dB. bassianathrough different routes of exposure on the
development of survivingr. occidentalisjuveniles, a factorial ANOVA model using the
MIXED procedure of SAS (SAS Institute, 1999) wadisFor each development stage
considered in this study, the time (days) neededhi® development to the following stage
(i.e., from first to early second instars, fromlgaecond instars to prepupae and from late
second instars to prepupae) was considered as diEpevariable in this analysis. In this
analysis residual and topical exposure were coreidas experimental factors and their
interaction was also included in the models and #féects evaluated with an F test £
0.05). To evaluate the differences between treasrentestd = 0.05) was also applied to
the least square means. Data were checked for hemaitg of variance and were log x + 1

transformed.

Results

Experimental procedure

The experimental procedure applied in bioassaywetido be reliable and not very time
consuming. Exposure tB. bassianain holding cells was limited to treated leaf suda
simulating a realistic environmental scenario. Maxm mortality rates in untreated control
were 7.7% for first instars, 3.9% for early secamstars, 15% for late second instars and
7.4% in adults. Escaping in the control was indigant in trials with first instars and late

second instars, and 4% for early second instaradults.
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Effects of routes of exposure on thrips mortality

The survival of thrips first instars was reducedttyical exposure t&8. bassianahree
days after the application of the entomopathog&mgus (Table 1; Figure 1). Six days
after B. bassianaapplication, topical and residual exposures caassinificant effect on
first instars (Table 1; Figure 1). A significanttenaction “topical exposure * residual
exposure” and no differences in mortality betwesigle routes of exposure, as well as
between single routes of exposure and their cortibmawere found (Table 1; Figure 1).
The effect of topical and residual exposure or firstars was confirmed nine days after the
application ofB. bassiangTable 1; Figure 1).

A reduction in early second instars survival wase thuresidual exposure B bassiana
after six and nine days from application; topicgb@sure was not associated to significant
results in terms of survival (Table 1; Figure 2@ significant interaction was found for this
thrips stageB. bassiananduced a significant mortality of late secondanms in both routes
of exposure and this effect was significant thragsdfrom application onwards (Table 1;
Figure 3). No significant interactions were fouficlfle 1)

A reduction in survivalwas also observed fdf. occidentalisadults exposed t@.
bassianathrough both routes of exposure. This effect waslemced six days from
application and was confirmed later on (Table 1gnBicant interactions between residual
and topical exposure were observed six and nines @dier B. bassianaapplications:
residual exposure determined higher mortality camgbao topical exposure and this effect
was not different from the combination of topicadaresidual exposures (Table 1; Figure
4).
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Table 1 - Results of factorial logistic regressadmmortality observed oR. occidentalis
exposed td. bassiana.

Time from

S Source of variation G P
application
first instar larvae
3 days Topical exposure 10.03 0.0015
Residual exposure 3.04 0.0813

Topical exp. * Residual exp. 2.88 0.0895

6 days Topical exposure 6.59 0.0102
Residual exposure 5.26 0.0218
Topical exp. * Residual exp. 5.13 0.0236

9 days Topical exposure 41.16 <0.001
Residual exposure 7.60 0.0058
Topical exp. * Residual exp. 2.80 0.0940

early second instar larvae

3 days Topical exposure 1.28 0.2576
Residual exposure 3.03 0.0817
Topical exp. * Residual exp. 2.37 0.1240
6 days Topical exposure 0.00 0.9752
Residual exposure 30.38 <0.001
Topical exp. * Residual exp. 0.11 0.7434
9 days Topical exposure 1.17 0.2787
Residual exposure 31.35 <0.001

Topical exp. * Residual exp. 0.93 0.3352

late second instar larvae
3 days Topical exposure 5.66 0.0173
Residual exposure 4.22 0.0400
Topical exp. * Residual exp. 1.54 0.2153

6 days Topical exposure 5.72 0.0167
Residual exposure 10.39 0.0013
Topical exp. * Residual exp. 2.38 0.1232
9 days Topical exposure 6.55 0.0105
Residual exposure 26.45 <0.001
Topical exp. * Residual exp. 0.38 0.5371
adults
3 days Topical exposure 0.32 0.5725
Residual exposure 0.32 0.5725
Topical exp. * Residual exp. 2.66 0.1027
6 days Topical exposure 9.85 0.0017
Residual exposure 39.66 <0.001
Topical exp. * Residual exp. 10.52 0.0012
9 days Topical exposure 14.28 0.0002

Residual exposure 44.09 <0.001
Topical exp. * Residual exp. 6.53 0.0106
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Figure 1 - Mortality ofF. occidentalisfirst instars exposed . bassianarough different
routes of exposure. Different letters indicate Higant differences at Walg? test to the

least-square means € 0.05).
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Figure 2 - Mortality off. occidentalisearly second instars exposedBobassianarough

different routes of exposure. Different lettersigade significant differences at Wajfl test

to the least-square means=0.05).
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Figure 3 - Mortality ofF. occidentalislate second instars exposedBobassianarough

different routes of exposure. Different lettersigade significant differences at Wajf test

to the least-square mearmns=0.05).
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Figure 4 - Mortality of F. occidentalisadult females exposed . bassianatrough
different routes of exposure. Different lettersigade significant differences at Waj test
to the least-square mearns=0.05).

Corrected mortality after exposure to Beauveria bassiana

Results expressed in terms of corrected mortatgysammarized in Figure 5. Mortality
increased over time regardless of the routes obsxe. First instars were more affected by
topical than residual exposure. The combinatiorexgosures produced higher mortality
than single treatments. An opposite situation aeclrfor early second instars where
residual exposure displayed a higher mortality ttegmical exposure. Combined exposures

slightly increased mortality. Regarding late secamstars, residual exposure induced a
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higher mortality than topical exposure and thembmation determined additional effects.
A similar trend was reported for adults wh&ebassianaffects reached the highest levels.

100 A 100 B

80 80 -

60 - 60

40 - 40

20 - ‘ . 20 - '

0 | | ol
100 C 100 D

80 80

60 - 60

40 40 -

20 - - l 20 -

0 | o | ol

3 days 6 days 9 days 3 days 6 days 9 days
topical exp. M residual exp. M residual exp. + topical exp.

Figure 5 - Corrected mortality (Abbott, 1925) olsel on differentF. occidentalis
developmental stages (A: first instars; B: earlgosel instars; C: late second instars; D:

adult females) exposed Beauveria bassiana.

Effects of Beauveria bassiana on thrips developmental times

Exposure taB. bassianadid not affect developmental times from first cend instar
thrips (Table 3; Figure 5). However, residual expesto B. bassianainduced a faster
development of early and late second instars imépypae (Table 3; Figures 6-7). The
effect of topical exposure on development of sedasthrs was never significant (Table 3;
Figures 6-7).

192



Table 2 - Effect ofB. bassianaexposure on developmental times fef occidentalis

immatures.
Treated stage Effect NumDF DenDF FValue Pr>F
First instars Residual exposu 1 16.8 0.18 0.68
Topical exposut 1 22.8 1.32 0.263
Topical exp. * Residual ex 1 18.5 0.73 0.404
Early second instars Residual exposu 1 26 4.89 0.036
Topical exposut 1 26 3.77 0.063
Topical exp. * Residual ex 1 26 0.38 0.545
Late second instars Residual exposu 1 14.4 6.01 0.028
Topical exposut 1 16.5 0.07 0.793
Topical exp. * Residual ex 1 14.5 2.45 0.139

First instars

o [ N
(2] ] (0] N (0]
1 1 1 1 |

—

developmental time (days)

o

No topical exp. Topical exp.

|

2.5

1

1.5

1

0.5

developmental time (days)

No residual exp. Residual exp.

Figure 6 - Developmental times & occidentalisfirst instars to early second instars.

Different letters indicate significant differencasst test to the least square means (.05).
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5 - Early second instars
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developmental time (days)
[@p]
1

No residual exp. Residual exp.

Figure 7 - Developmental times &f. occidentalisearly second instars to prepupae.

Different letters indicate significant differencasst test to the least square means (.05).
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Late second instars
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Figure 8 - Developmental times Bf occidentalidate second instars to prepupae. Different

letters indicate significant differences at t testhe least square meains=0.05).

Discussion

The efficacy ofB. bassiana]W-1, ATCC 74040 strain in controlling a numberrefect
and mite pests has been shown in laboratory and freddst(e.g., Akey and Henneberry,
1998; Duso etl., 2008; Ortu etl., 2009; Oreste al., 2012). In our studyB. bassiana
reduced significantly the survival & occidentalis These effects increased over the time
and varied depending on life stage and the rouexpbsure to the pathogen.

First instar thrips were significantly affected By bassianabut the route of exposure
was crucial in determining these effects. Firstars show a localized feeding behaviour
and a low motility that reduce the probability afgairing conidia dispersed onto the leaf
surface. This can explain the low mortality effeatsociated to residual exposure. The

direct contact ofB. bassianaas a result of topical application, increased effects of
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pathogen on first instars. The virulence of BBidassianastrain associated with features of
first instars’ cuticle might provide an explanatiohgreater susceptibility associated with
topical exposure. Differences In occidentalis cuticle among different thrips stages (e.qg.,
hardening) could contribute to explain differenobserved in pathogenicity; unfortunately
knowledge on this topic is only available for lasecond instars and adults only
(Golebiowski etal., 2007; Golebiowski, pers. comm.). The effect gfital exposure was
remarkable nine days after application when modirsff instars had moulted into second
instars and few of them into prepupae (data nairted). The delayed effect Bf bassiana
on these life stages was confirmed by data relatéide combination of topical and residual
exposures. Factors involved in this phenomenon teebd identified.

Moulting and associated changes in insect physyolaguld affect thripd. bassiana
relationships. Vey and Fargues (1977) studied logical and ultrastructural aspects of
Leptinotarsa decemlineata larvae contaminated with. bassianaefore moulting. After
moulting some larvae showed healing zones on igument and, for these larvae death
was postponed. In their body cavity the authorsenlel an encapsulation of fungal
elements into haemocytic granulomas. Neverthelbss,process was not fully effective:
the encapsulation was only partial, and some entaes fungal elements were able to
escape from granulomas in a late stage of infecAoithors were led to the conclusion that
the combination of the rejection of the contamidat@egument during ecdysis together
with cellular reactions represented a defence mmeshm that determined a delay in
pathogen development. Additional mechanisms hawn Heund inManduca sextal.
where protease inhibitors highly specific towakiistharizium anisoplia®rl protease have
been found in moulting fluid; this enzyme playsimaportant role in the pathogenic process
(St. Leger et al., 1988; Samuels and Reynolds, 2000

It is important to consider thd. bassianalate inoculum can be provided through
recycling from fungus-killed cadavers (e.g., Lualdmargues, 1998). Since in our case,
cadavers were removed from experimental unitsJateeinoculum seems to be of minor
importance. These findings may contribute to expthe delayed effect @. bassianaon
topically exposed first instars. We can suggedt ttiaB. bassiananoculum to first instars
of F. occidentaliswas partially reduced by the moult and this preagsmbined with the
immunological and biochemical defences, determitheddelay in the fungal lethal effects.
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It should be stressed that first instar thripsamesidered the most susceptible to pesticides
among juveniles and thus they represent a cruaaet for control measures. The
combined effects of 78% in the final assessmerg daggests a role f@. bassianan
controlling these pests especially when their pafoh structure is dominated by first
instars.

Regarding early second instars, mortality was r&atde six and nine days following
residual exposure. However, an additive effect wasced when topical and residual
exposures were combined.

Ugine etal. (2005a) reported a high susceptibility of eadgand instar thrips to another
strain of B. bassiang GHA) (compared to adults) without significantfdiiences between
residual and topical exposures. Our results conflmat second instar thrips can readily
acquire lethal doses of conidia from the surfacdreated leaves. This phenomenon is
likely related to the higher mobility of these stagcompared to first instars and has clear
implications for thrips control. Ugine el. (2005a) showed that early second instars
exposed to conidia within 24 h of their molt werere susceptible t®. bassianahan
thrips exposed later. They mentioned higher maytaklues compared to those reported in
our study that are likely due to differel8. bassianastrains and/or the adopted
methodology. Mortality reached a plateau after twys and no differencegere observed
among the rates of mortalitgcorded five days post-treatment.

In contrast, we observed a continuous increase atatity especially with residual
exposure that reached the highest levels nine dfs treatment. This may be related to
the conidial concentration used. Indeed in anosedy, using the GHA strain, the lethal
time of F. occidentaliswas shortened by increasing the conidial conckotraof the
inoculum by a 10x factor from $@o 1G conidia/ml (Mukawa etl., 2011). Here we
treated the thrips with a solution of 3.45 X t@nidia/ml and this is likely to explain the
differences in the decay of survival. In bioasspgsited out by Ugine et al. (2005a), two
treated leaves were put in contact inducing a lpgybability of contact of thrips with
conidia. This approach probably overestimated ffexs of fungal application but created
a worst case scenario for thrips. A comparisorhefttvo methodologies should be done for

a correct interpretation of differences in straimence.
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For late second instars, corrected mortality vakigggest their higher susceptibility to
B. bassianacompared to early second instars. This seems tdanbeontrast with
observations made by Ugine et al. (2005a) wheral ageond instar thrips were less
susceptible than recently moulted second-instapghiLate second instars are the most
motile immature stages making them quite susceptiblbe contaminated with conidia
present on leaves. In natural conditions, late s@@ostars reach the soil where they moult
into prepupae and thus can escape to the effeatsoshpesticides applied to the canopy.

It is worth noting that in the present study weduee JW-1, ATCC 74040 strain Bf
bassiana whereas GHA strain has been used in other |latlryrahvestigations. At our
knowledge, no direct comparisons have been periramaong differentB. bassiana
strains againdE. occidentalisin the laboratory, while Jacobsonadt (2001) compared the
efficacy of the two strains oR. occidentalison greenhouse cucumbers. The GHA strain
was associated to a higher control Fof occidentaliscompared to JW-1, ATCC 74040
strain, but the latter strain was used at lowefdiahconcentrationsB. bassianastrains are
characterized by a wide variation in their viruleragainst insects and they can differ in
various traits as mycotoxins’ production, host ®ngsponse to environmental conditions
(e.g., Leland eal., 2005; Leland and McGuire, 2006, Castrilloaét 2008; Boomsma et
al., 2014). Only a direct comparison with the sammedaton and methodologies can clarify
the implications of the differences amadBgbassianastrains inF. occidentaliscontrol.

Adults were very susceptible . bassianaapplication. Thrips exposed to conidial
deposits were more vulnerable to fungal infectibant those topically treated witB.
bassiana These effects emerged six and nine days aftdicappn confirming a relatively
slow effect. A significant interaction between ttvéo rates of exposure was detected in
these assessment dates as residual exposure galaa snortality rates than combined
exposures. The major effect of residual exposuligesy due to the mobility of adult stages
and these results are consistent with those rapdrte Ugine etal. (2005b). Also,
Vestergaard etl. (1995) reported a higher susceptibility of adufts occidentalisto
Lecanicillium (= Verticillum) lecanii than second instars. Similarly, adults of
Megalurothrips sjostedt{Thysanoptera: Thripidae) resulted to be more idde to
infection by topically appliedMetarhizium anisoplia€ompared to immature stages (Ekesi
and Maniania, 2000).
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The greater infectivity oB. bassiangowards adult thrips compared to second instars is
also due to the fact that the former do not mondt are thus exposed for a longer period of
time to conidia (Ugine «dl., 2005b). Lower susceptibility following topicgb@lication can
be due to the capacity of adults to remove coradidescribed by Ellington (1980). Adults
exhibit a grooming behaviour, thereby wings areshad over the body removing conidia
or transferring them from ventral to dorsal surkaaadviceversa

Stage-dependent susceptibility ® bassianahas been reported in other studies.
Romaia and Fargues (1992) showed a different susceaptiamhong different life stages of
the hemipteranRhodnius prolixus exposed toB. bassiana direct spraying. The
susceptibility ofR. prolixusincreased with age and in particular the firstansyymphs
were about 700-fold less susceptible than the tidesb stages.

Also, differences in susceptibility to topically @@d B. bassianaon a phytophagous
coleopteran specid2aropis charybdisn New Zeeland were observed to be depending on
insect stages, in which a more rapid and succégstduction in insect individuals was
observed for ¥ and 2%instars when compared t& and 4" instars, whereas adults resulted
in relatively low vulnerability to such an entomoges fungus. bassiangHastuti etal.,
1999).

Cuticular lipids can reduce the penetration of cicafg, toxins and provide protection
from attack by microorganisms and other insectagonists (Vincent and Wegst, 2004,
Ortiz-Urquiza and Keyhani, 2013); comparative as@lyamong species and life stages
within a species can support experimental hyposhasitheir susceptibility towards control
agents (e.g., Golebiowski at, 2011).

In this framework, the cuticular lipid compositiaf F. occidentaliswas analyzed to
investigate on its response to fungal pathogenseflBawski etal. 2007). Cuticular lipids
of adult and second instars consisted of two graig®mpounds - hydrocarbons and free
fatty acids. Adults and second instar cuticle shebte same hydrocarbon pattern, with the
exception of n-hentriacontane, detected in adtltsvever, this difference was not taken
into account as regards as its potential role seatfungi relationships. A number of
saturated and unsaturated fatty acids were idedtifin the cuticle. Since no potential
inhibitors of entomopathogenic fungi were deteatethe cuticular lipids of thrips authors

stressed about the importance of fungal pathogengest control. Unfortunately first
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instars, the most susceptible stage in topicdktn@ere not considered in this study. Some
support to the hypothesis that cuticle featureshmimvolved in a different susceptibility
among different life stages emerged in studies gotedl on whiteflies. Jamesadt (2003),
reported that second and third instars nympH3ewhisia argentifoliwere more susceptible
to Paecilomyces fumosorosearsdBeauveria bassianahen exposed topically, than fourth
instars; cuticular lipids composition (primarilyng-chain fatty acids) was determined to
account for such a differences in observed moytalit

In our experimentB. bassianadetermined sub-lethal effects on thrips develogmen
inducing a faster development of second instaro®egh to conidia deposits on leaves.
Several publications have suggested the poterdial of moulting process in reducing
entomopathogenic fungi inoculum in various pestcsse (e.g., Chandler etl., 1993;
Vanderberg etl., 1998; Ugine etl., 2005b; Kim and Robert, 2012 and others cited
before). Moulting process can reduce the potewfidlingal infection: when insects lose
their cuticle many germinated and ungerminated diancan be lost with it (Vey and
Farguez, 1977; Fernandez akL, 2001; Ortiz-Urquiza and Keyhani, 2013) and this
phenomenon has been observed alsé.imccidentalislarvae infected byM. anisopliae
(Vestergaard edl., 1995, 1998). The earlier moulting observed heay be linked to the
activation of immune defence induced by a sub-letx@osure to pathogens. Roth and
Kurtz (2008) found an accelerated developmentTabolium castaneumexposed to
Bacillus thuringiensisCulex pipiendarvae pupated earlier in response to the infeabib
the microsporidiarVavraia culicis (Agnew etal., 1999). As mentioned before, moulting
has been associated with the production of a fupgdéinase inhibitor that has been found
together with other proteinase inhibitors probalotyolved in the regulation of the
endogenous cuticle-degrading proteinase MFP-1 (8Bnamd Reynolds, 2000). Bombix
mori L. the expression of a fungal proteinase inhibiexs induced by recombinant
baculovirus infection with an inhibition of larvdevelopment (Pham et al., 1996). Cuticle
represent the first line of defence in arthropoglairest pathogens and constitute a physical
and chemical barrier (Hayek & St. Leger, 1994). Agpather arthropods, in American
lobsterHomarus americanugMilne-Edwards) (Crustacea), Laufer at (2005) observed
as sub-lethal response to shell disease, an indaceshse of systemic levels of ecdysone
in the haemolymph. The authors argued that thipossibly to constitute a defensive
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measure that protect the animal from the effectshefshell disease inducing moulting.
From our experiments we were not able to fully usténd if moulting is more a collateral
consequences of induced defence mechanisms orsegpseitself a step in the defence
process against pathogens. The role of moultingngect-entomopathogen interactions
needs to be clarified and furthers studies areegt&mlunderstand the mechanisms behind.
This study has improved the understanding of redasusceptibility of each thrips
developmental stage . bassiana(strain ATCC74040) inoculum, stressing on route of
exposure, as key factor B bassiananfection. Differences in mortality amongst thrige
stages as a function of routes of exposure shaulbhsidered to improve the contribute of
this entomopathogen fungus in IPM strategies. efiees in susceptibility tB. bassiana
among thrips life stages related to exposure lewdlght also provide information on
infection dynamics that can occur in field condigso Additionally, we also found sub-

lethal effect induced by the exposureBtdbassiandhat had never found before.
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In this study we investigated: 1) the spatial-temapdlistribution patterns of herbivore
thrips Frankliniella occidentalisandThrips tabacj and their natural enemie8dolothrips
spp. andOrius spp.) in a number of greenhouses and their sudings; 2) the role of the
greenhouses' opening on the colonization by pegpstrand their naturally-occurring
antagonists; 3) the potential role of some bioadrdgents ofFrankliniella occidentalisn
controlled conditions; 4) the impact Beauveria bassianan F. occidentalisas a function
of the routes of exposure.

The analysis of spatial-temporal distribution ofyfgphagous thrips and their natural
enemies evidenced different patterns in arthropstiildution among different greenhouses
and their surrounding$.. occidentalispopulations tended to aggregate inside greenhouses
coming from contiguous cultivated or logistic aredade incidence of flowering plants
seems to be a major factor enhandmgccidentalispopulation increas@.he colonization
of ornamental plots b¥. occidentaliswas poorly affected by the uncultivated vegetation
growing at their margins. Patterns in the colomwmabf cultivated plots byl. tabaciwere
different from those reported fét. occidentalis The former species was frequently found
in the hedgerows and the orchard located at thgingof greenhouses, even in spring. The
dynamics of hotspots outside and inside cultivaptots and evidence from traps near the
roof strongly suggest a role of the natural orieated vegetation iff. tabacicolonization
of contiguous greenhouses.

Vegetation surrounding greenhouses can affect dhenization of protected crops by
predaceous thripsAgéolothripsspp.). Populations of the latter were found tabgregated
inside and outside greenhouses. In contf@sts spp. populations were detected especially
in greenhouse surroundings or in the open fieldenyr

The management of areas that are at higher rifk ofcidentalisestablishment, and the
use of thrips-proof screening for preventihgtabaciinflows should be considered in IPM
tactics. On the other hand relatively closed cotmpants were related to a low incidence of
associations between herbivore thrips and theiagamists. Reducing barriers around
cultivated plots enhanced the colonization by pi@da(especially byDrius spp.), even if
pesticides could alter this dynamics. At the saime tthese associations established more
frequently outside cultivated plots with the desee@n greenhouse opening. Therefore, the
influence of greenhouse lateral openings on thppst management requires further
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investigations.

Studies on biological control of. occidentalisshowed the possibility to combine
different BCAs acting at canopy or soil level inigls control on cyclamen. At the same
time, we showed thaB. bassianacan exert a significant impact on thrips survival
depending on routes of exposure. These resultsigiglihe possibility to use alternatives

to pesticides in thrips control on ornamental crapsecommended by current EU rules.
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