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Resumo

Ensaios de laboratério e de campo tém demonstradoog parasitéides do género
Trichogramma sdo0 muito suscetiveis a maioria dos inseticidasladgo espectro,
reduzindo a sua eficacia como agentes de contrologico. A integracao deste agente
de controlo biolégico com outros métodos requeowohecimento dos efeitos letais e
subletais que os insecticidas podem ter sobre @st®$égos naturais. De modo a
promover métodos ambientalmente seguros de conttelpragas nos Acores, este
trabalho teve como objetivo avaliar a segurancaldes essenciais deittosporumm
undulatum e Hedychium gardnerianum em diversos parametros biologicos do
parasitéide oo6fagoTrichogramma cordubensis, quando aplicado sobre ovos do
hospedeiro, antes e depois do parasitismo. Paravaiou-se os efeitos letais e sub-
letais destes Oleos as concentracdes de 0.5% e ds%ontacto direto e residual, na
longevidade e fecundidade de fém&asordubensis, e na percentagem de emergéncia e
tempo de desenvolvimento preimaginal da desceraé@xiéleo essencial que mais
afetou os parametros bioldgicos do parasitéideéptpar contato residual ou direto, foi
H. gardnerianum a concentracdo de 2.5%. O numero de ovos parasitad@
longevidade d€l. cordubensis foram os parametros mais negativamente afetaddlos.
gardnerianum a concentracdo de 2.5%, teve um efeito residuaheéte enquanto que
nos outros tratamentos verificou-se o enfraquedmeo efeito ao longo do tempo.
Quando aplicado sobre os ovos parasitados, asdas#gssenvolvimento embrionario e
larval foram as mais afectadas ptirgardnerianum a2.5%. Os Oleos essenciais e
undulatum, as concentragdes de 2.5% e 0.5%j]. gardnerianum a concentracdo de
0.5% s&o compativeis com libertacdes e cordubensis, visto que a estas
concentracdes tém um efeito residual reduzido &pdp aplicados apos a fase larvar do
parasitdide, os seus efeitos sdo negligiveisundulatum, a concentracdo de 0.5%,
apresentou resultados promissores, indicando qde per usado com seguranca em
qualquer altura de exposigéo e fase de desenvaluinueT. cordubensis. No entanto,
mais estudos devem ser realizados de modo a detarmefeito destes Oleos essenciais

no comportamento biolégico de cordubensis, em condicbes de campo.

Palavras-chave:Trichogramma, efeitos secundarios, contato direto e residuatams
de plantasPittosporum undulatum, Hedychium gardnerianum.



Abstract

Laboratory and field studies have shown tHaichogramma wasps are highly
susceptible to most broadspectrum insecticidesjcied their efficacy as biological
control agents. Thus, the integration of this biyotal control agent with other methods
requires knowledge of the lethal and sublethalctgféhey may have on these natural
enemies. To promote environmentally friendly pesitml methods in Azorean crops,
this research aimed at assessing the safety oftegdseils of Pittosporum undulatum
and Hedychium gardnerianum on several biological parameters of the wasp
Trichogramma cordubensis, when applied on host eggs before and after pamsiiVe
evaluated the lethal and sublethal effects of tlessential oils at the concentrations of
0.5% and 2.5%, by residual and direct contact, enlongevity and fecundity Of.
cordubensis and, on the offspring emergence rate and preimahgievelopment time.
The essential oil that most affected the biologmalameters of. cordubensis, either

by residual or direct contact, wak gardnerianum at the concentration of 2.5%. The
number of parasitized eggs and the longevityl o€ordubensis were the parameters
most negatively affected. At the concentration &%, H. gardnerianum showed to
have a high residual effect while, for the otheatments we observed a reduction of
this effect over time. When applied on parasitibedt eggs, the embryo and larval
developmental stages daf. cordubensis were the most negatively affected by the
treatment withH. gardnerianum at 2.5%. Our results suggest that the essentsfroin

H. gardnerianum at the concentration of 0.5% and, from undulatum at the
concentrations of 0.5% and 2.5%, are compatiblea Witcordubensis releases, since at
such concentrations these extracts have a lowualsaffect and, when applied after
completion of the larval developmental stage, thgine effects are negligible.
Furthermore,P. undulatum at the concentration of 0.5% showed promising tssul
indicating that it can be safely used at any tinfeemposure and preimaginal
developmental stage of tAe cordubensis. However, more attention should be devoted
to field experiments to more clearly determine itifuence of these essential oilsTo

cordubensis under agricultural conditions.

Keywords: Trichogramma, side-effects, residual and direct contact, plextracts,

Pittosporum undulatum, Hedychium gardnerianum
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Chapter 1.

General Overview



The search for biologically active compounds fromtumal resources has always
been of great interest to scientists looking fovs®urces and models for development
of ecologically and environmentally friendly insecbntrol agents (Isman, 2000;
Lahlou, 2004; Ismaset al., 2007; Rosat al., 2009). The extensive use of pesticides is
known to cause several problems in the environnsertt) as target pest resurgence and
secondary pest outbreaks throughout the world'eeagrsystems (Luckt al., 1977,
Metcalf, 1986). Moreover, the reduction of the @éncy of biological control agents
(BCA), such as parasitoids, in pesticide treateap @ystems has been highlighted by
several authors (Brunnet al., 2001; Hewa-Kapuget al., 2003). Since insecticides
may cause the death of the BCA (lethal effectsgh@nge several other traits of their
biology (either physiological or behavioural) withdkilling the individuals (sublethal
effects), the success of Integrated Pest Manage(ifei) programs depends, in part,
on the optimal use of selective insecticides thrat lass harmful to natural enemies.
Thus, in addition to direct mortality induced bysatticides, we should also have
knowledge of the effects on physiological and betaal traits of the natural enemies
for a complete analysis of their impacts. (Desnetal., 2007; Starket al., 2007;
Garcia, 2011).

An important way of avoiding this problem is theeusf pesticides whose action
spares natural enemies through either physiologicacological selectivity (Sabet
al., 2005) Essential oils, found in a variety of plants, haween suggested as an
alternative source for insect control. These aratite, natural, complex compounds
characterized by a string odour, formed by aromplémts belonging to a number of
botanical families. Plants, as long-lived statigharganisms, must resist attackers over
their lifetime, so they produce and exude constitsi®f the secondary metabolism, that
play an important role in their defence mechanighi®lli et al., 2011). Therefore,
these chemical volatiles have functions in chemubaflence, acting as insecticides
(Bakkali et al., 2008), acaricides (Flamini, 2003), avoiding bkael or fungi
phytopathogen colonization (Karamanoli, 2002; Kaaapoii et al., 2005), and/or
attracting natural enemies of herbivores (Ntatllal., 2011). Usually they are obtained
by hydro-distillation and they comprise monotergensequiterpene lactones and
triterpenes, which are examples of volatile plasthpounds that may have commercial
applications (Barneyet al., 2005; Al-mazra’awiet al., 2009). Many of them are
selective, biodegrade do nontoxic products and Feweeffects on the environment and

non-target organisms (Isman, 2000). They can aisaige an alternative for resistance
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management because some plant extracts can be afibttive against insecticide-
resistant insect pests (Isman, 2006; Ntllal., 2011). Thus, these plant compounds
usually can be safely used in IPM (Schmutterer21@®net al., 1997; Yiet al., 2007).

The use of egg parasitoids for the control of peatslong been an essential part
of pest management strategies in crop protectionmétous egg parasitoids are
effective natural enemies of important agricultunad forestry pests, killing the host
before it causes any damage to the crops (Basts 2006). Among these, the genus
Trichogramma Westwood has been considered for the control dsgdes over than 100
years (Li-Ying, 1994). The genu3richogramma is worldwide distributed and
comprises about 145 described species. These mivagps (0.2-1.5 mm) are solitary
or gregarious endoparasitoids that can be easilyyged in large scale using factitious
hosts (Garcia, 1995). Moreover, the exploitation tb&ir developmental pauses
(diapause or quiescence) allows their storage \attemperatures for long periods,
reducing the costs of mass rearing these inseeti@st al., 2002; Garciat al., 2009).
These egg parasitoids have a preference for Lefgdmpbut there are also records of
parasitism on eggs of Coleoptera, Diptera, Hemaptddomoptera, Hymenoptera
(Symphyta) and Neuroptera (Pirdioal., 1994).

Trichogramma  cordubensis Vargas and Cabello (Hymenoptera:
Trichogrammatidae) (Figure 1), a native thelytok@pecies of Sdo Miguel Island
(Azores, Portugal) is one of the most importantcggseof egg parasitoids found on the
island (Garciaet al., 2006). According to Garcia (2000), this speciewaedl adapted to
the mild temperatures and high relative humiditgttbharacterize the climate of the

Azores, as well as to its natural hosts, that lgeloostly to the family Noctuidae.

Figure 1. Female adult of Trichogramma cordubensis Vargas & Cabello (Hymenoptera:

Trichogrammatidae), (30x).



Many studies have compared the relative toxicity pesticides, including
insecticides, fungicides and herbicidesTtachogramma in screening trials. Laboratory
and field studies have shown that these wasps ighdyhsusceptible to most broad-
spectrum insecticides, reducing their efficacy a€AB by adversely affecting
emergence rates (Hohmann, 1991, 1993;&ah, 2000; Takadat al., 2001; Vieiraet
al., 2001), adult mortality (Jacoles al., 1984; Sulet al., 2000; Brunnekgt al., 2001,
Vieira et al., 2001; Hewa-Kapuget al., 2003) and parasitism of host eggs (Jaabbs
al., 1984; Haglet al., 1989; Hohmann, 1993; Hewa-Kapugel., 2003; Garciat al .,
2006). Thus, the integration ofrichogramma with chemical methods for pest
management requires knowledge of the lethal antetha# effects that the chemicals
may have on the natural enemies, taking into pdacconsideration the developmental
stages of the organism which will have the highestdence of exposure (Yat al.,
2007).

To promote environmentally friendly pest control thegls in Azorean crops,
this research aimed at assessing the safety ofefisential oils ofPittosporum
undulatum Vent. (Pittosporaceae) aridedychium gardnerianum Sheppard ex Ker-
Gawler (Zingiberaceagjwo invasive plant species of the Azores,Ttocordubensis.
Hedychium is commonly known as ginger lilies and is a gentishvarbs with thick,
fleshy and branched rhizomes. Native to South Akia,genuddedychium has over 80
species, widely cultivated for ornamental purpossgecially for their sweet scented
flowers (Sabulakt al., 2007).Heychium gardnerianum was introduced in the Azores in
the middle of the 19th century, spreading rapidierothe island of S&o Miguel,
wherever the native forest becomes degraded, dsawdieing scattered in the dense
laurel forest (Medeiro®t al., 2003). The genuPittosporum comprises about 150
species of tropical and subtropical Africa, Asiajsfralia, New Zealand, and some
Pacific Islands (Wagnest al., 1999).Pittosporum undulatum is an evergreen, 4-13m
tree, with a fast growing leaf canopy, that is oftssed as an ornamental plant, due to its
attractive fragrant flowers (Medeir@sal., 2003). It is native to south eastern Australia
but has now spread to a great number of islandsdimg the Azores. Its spontaneous
spreading, has significantly transformed the istAnthndscape, invading moist
disturbed forests from low to middle elevations d@hdeatening the survival of the
native forest (Binggeli, 1998).

According to Rosa&t al. (2009),the essential oils of these two plants are toxic

and have ovicidal, growth inhibition and antifeedactivity againstPseudaletia
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unipuncta (Lepidoptera: Noctuidae). This species, known @ armyworm, is a
polyphagous insect and one of the most importastspef graminaceous crops,
including pasture, in the Azores islands (Viegtal., 2003). Other studies demonstrated
that limolene andi-pinene, the main components present in the estails of these
two plants, have been tested successfully agaiottofteran (Bekelet al., 2001;
Ngamo et al., 2007) and other Lepidopteran pests (Miyazaetaal., 1998;
Hummelbrunneret al., 2001) Furthermore, other recent studies have shown tet t
essential oils oH. gardnerianum display good molluscicidal (Teixeiret al., 2011;
2012) and antimicrobial activity against sevestaphyl ococcus strains (Medeirost al.,
2003). Jadhaet al. (2007), reportedn vitro insecticidal activity against human head
lice by the essential oil dfledychium spicatum, which is a species closely relatedHo
gardnerianum.

Therefore, and as suggested by Resal. (2009), the essential oils ®i.
gardnerianum and P. undulatum can be exploited for the development of bioactive
compounds as a new source of agrochemicals. Thuthe present study we will
evaluate the effects of these essential oils, bidval and direct contact, tested at two
different concentrations, on the longevity and fetity of the wasy. cordubensis and,
on the offspring emergence rates and preimaginatldpment times, to assess their
possible integration in insect pest managementrprosg.
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