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Chapter I

General introduction
Oilseed rape (Brassica napus L. var. oleifera Metzg.) (Brassicaceae) is the third most
commonly grown crop in Europe (FAO, 2007). In Germany, oilseed rape is cultivated on 1.46
Mill ha in 2009/2010 (UFOP, 2009). It is grown for oil, for human consumption, as well as
for renewable energy resources and animal food. With the extention of the planted area in the
last twenty years, damage by pests and diseases of oilseed rape became more severe (Alford
et al., 2003; Lamb, 1989). One of the most important limiting factors is the large variety of
pest insects attacking the oilseed rape crop (Alford et al., 2003). As a result broad-spectrum,
non-selective insecticide compounds are applied in autumn, spring and summer for control
these economically-important pests (Menzler-Hokkanen et al., 2006). They are often applied
prophylactically without regard to pest control thresholds. Frequent applications of
insecticides have caused widespread resistance of pollen beetle populations against pyrethroid
compounts in many European countries, including Germany (Heimbach et al., 2006), Poland
(Wegorek & Zamojska, 2006) and Denmark (Hansen, 2003). Therefore, the integration of
natural regulatory mechanisms on pest populations, such as natural enemies, becomes more
important. Minimizing the harmful side-effects of insecticide application on natural enemies
is one of the main objectives in IPM stategies. Therefore, optimization of insecticide use, e.g.
product selection and timing of application, while minimizing negative effects on beneficial
arthropods (Flint & Bosch, 1981). There is little information on side-effects of chemical
insecticides on parasitoids of pests insects on oilseed rape.

The main objectives of this study are:
1. to investigate the role of volatile production by uninfested oilseed rape plants and by
plants infested by larvae of C. pallidactylus in behavioural and electrophysiological
bioassays and the effect of insecticide treatments
2. to study the impact of insecticide treatments on parasitism and migration of parasitoids
attacking stem weevil and pollen beetle larvae in field experiments
3. to analyse lethal and sublethal effects of insecticides on parasitoids in laboratory
experiments
4. to determine whether the side-effects of insecticides on hymenopteran parasitoids on
winter oilseed rape can be minimized by optimization of insecticide uses, such as
product selection, timing of application and reduction of field dose rates
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Studied insects pests and their parasitoids on oilseed rape
Stem-boring weevils
Two stem-mining pests of oilseed rape were investigated in this study, the cabbage stem
weevil Ceutorhynchus pallidactylus (Marsham) and the rape stem weevil Ceutorhynchus napi
Gyllenhal (Coleoptera: Curculionidae). Both species are univoltine. Adults of rape stem
weevil migrate to crops of oilseed rape in early spring (February/March). Females lay their
eggs singly into the stems and the larvae hatch after one or two weeks. The larvae mine within
the stem for 3-5 weeks before they leave the plant to pupate in the soil. Adults overwinter in
an earthen chamber in the soil and emerge the following spring (Schmutterer, 1956; Debouzie
& Ballanger, 1993; Paul, 2003).
Cabbage stem weevils migrate from their overwintering habitats (in leaf litter at the edges of
wood or shrubs) to oilseed rape in spring (March/April) (Alford et al., 2003). Females lay
their eggs in batches of 4-6 eggs (Winfield, 1992) into leaf petioles (Barari et al., 2005;
Ferguson et al., 2003). First and second instar larvae feed within the pith of petioles, third
instar larvae migrate to the main stems (Barari et al., 2005). Mature larvae drop to the soil for
pupation (Broschewitz & Daebler, 1987). Depending on weather conditions, pupation takes
about 20-30 days (Broschewitz, 1985). New-generation adults emerge from soil at the end of
June or beginning of July. After feeding on various species of Brassicaceae they migrate to
their overwintering sites (Broschewitz & Daebler, 1987).
The key larval endoparasitoids of rape stem weevil and cabbage stem weevil are Tersilochus
fulvipes (Gravenhorst) and Tersilochus obscurator Aubert (Hymenoptera: Ichneumonidae),
respectivelly (Ulber, 2003). They are univoltine and koinobiont. Adult parasitoids migrate to
oilseed rape crops in spring (March/May) from fields where oilseed rape crop has been grown
the previous year. Females lay their eggs singly into the host larva. The parasitoid larva
remains in its first instar until the host larva is mature and has left the plant to pupate in the
soil; then it develops rapidly and kills the host prepupa. The adult parasitoid diapauses in its
pupal cocoon in soil and emerges the following spring (Lehmann, 1969; Nissen, 1997; Ulber,
2003).

Pollen beetle
The pollen beetle, Meligethes aeneus (Fabricius) (Coleoptera: Nitidulidae), is an univoltine
pest on oilseed rape. The over-wintered adult beetles migrate into oilseed rape fields in spring
and oviposit into buds of 2-3 mm size. The adults and the two larval instars feed on buds and
flowers. The development from the egg to the adult stage takes about 40 – 50 days (Nilsson,
2
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1988). Mature larvae drop to the ground and pupate in soil. New-generation beetles emerge in
summer and feed on flowers before hibernation starts in August (Hokkanen, 1993). Adults
overwinter in field margins, woodland and hedgerows. The oilseed rape crop is most
susceptible to pollen beetle damage at the early bud stage and becomes less sensitive as the
crop develops (Alford et al., 2003).
The key parasitoids of pollen beetle in Central Europe are Phradis interstitialis (Thomson),
Phradis morionellus (Holmgren), and Tersilochus heterocerus Thomson (Hymenoptera:
Ichneumonidae) (Nilsson, 2003). These univoltine, koinobiont endoparasitoids are specialised
on Meligethes spp.. The parasitised host larva continues its development until maturation.
Larval development and pupation of the parasitoid takes place inside the host prepupa. Adults
overwinter in cocoons in soil and emerge during the following spring (Osborn, 1960). There
is a niche segregation between the parasitoid species: P. interstitialis oviposits primarily into
beetle eggs within green buds, P. morionellus lay their eggs into larvae within buds and open
flowers and T. heterocerus oviposits into second instar larvae within flowers (Osborn, 1960;
Winfield, 1963; Nilsson, 2003).

Reports in the literature provide evidence that mortality due to parasitism may be a sufficient
factor to avoid gradation of pest population on oilseed rape (Büchi & Roos-Humbel, 1991;
Sedivy, 1983; Alford et al., 2003). Parasitization rates of rape stem weevil larvae by T.
fulvipes between 1% and 21 % were evaluated in Germany (Ulber, 2003), while higher
parasitization rates were reported in studies from France and Czechoslovakia (Jourdheuil,
1960; Sedivy, 1983). Levels of parasitism of C. pallidactylus by T. obscurator between 19.6%
and 52.5% were found at Goettingen (Klingenberg, 1991; Nitzsche, 1998; Ulber, 2003) and in
France (Jourdheuil, 1960).
Parasitization rates of M. aeneus ranged from 16% to 83% in Sweden (Nilsson & Andreasson,
1987), Germany (Nissen, 1999) and Switzerland (Büchi & Roos-Humbel, 1991).
Parasitization rates of up to 50% are likely to have an influence on pest abundance in the long
run (Klingenberg & Ulber, 1994). Hokkanenen et al. (1988) reported that in some areas of
Finland where the parasitization rates of pollen beetle were as high as 60% to 80%, the need
for chemical control was by far less important than in areas with low parasitization rates.

Host location by parasitoids
Plants defend themselves against herbivores by using chemical and physical traits that directly
affect herbivore performence or indirectly through traits that attract natural enemies
3
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(Takabayashi & Dicke, 1996; Paré & Tumlinson, 1999). Volatile organic compounds (VOCs),
specifically those released following herbivory, are known to attract natural enemies.
Key hymenopteran parasitoids of major pests on oilseed rape are highly specific. Their search
for hosts is described as, (i) location of the habitat of the host (the crop) (ii) location of the
host within the habitat and (iii) acceptance of the host (Vinson, 1998). Parasitoids of oilseed
rape use upwind anemotaxis to locate the oilseed rape crop with their hosts (Williams et al.,
2007). Generally, parasitoid species are also attracted to odours of undamaged plants (Kaiser
& Cardé, 1992) and/or artificially damaged plants (Mattiacci et al, 1994; Potting et al., 1999),
but these cues are relatively unreliable in indicating host presence.
Various natural enemies are known to discriminate between volatiles emitted by uninfested
and herbivore-infested plants. When plants are attacked by herbivores, they may emit specific
compounds that are not produced after artificial damage (Turlings et al., 1990; Dicke et al.,
1990b; Paré & Tumlinson, 1997). Chemical stimuli emenating from the host-plant complex
can originate from the herbivore, the plant, or from a combination between herbivore and the
plant. Although odours emitted from hosts or host products are very reliable indicators for
host presence their long-range detectability is very low (Turlings et al., 1991; Vet et al.,
1991). Plant volatiles produced in response to herbivore damage may contain information on
the identity of the host. Therefore, herbivore-induced plant volatiles may be detectable and
reliable indicators of herbivore presence and identity. Plant odours that attract natural enemies
are called herbivore-induced synomones (Vet & Dicke, 1992). Damage by herbivores can
greatly increase the emission of plant volatiles (Mattiacci et al. 1994; Mumm et al., 2003;
Bukovinszky et al., 2005) and these plant volatiles may be specific indicators of herbivore
identity (Dicke et al., 1990b).
Herbivory can also induce de novo production of compounds in many plant species, resulting
in qualitative changes in composition of the emitted blend (Turlings et al., 1990; Moraes et
al., 1998; Dicke, 1999). The release of herbivore-induced plant volatiles has been shown to
constitute an active response of the plant, as is apparent from de novo production of volatile
compounds that are not released by intact or mechanically damaged plants (Dicke et al.,
1990a; Dicke et al., 1990b; Turlings et al., 1990).

The main components of the volatile blend released from Brassica plants are terpenoids and
green leaf volatiles (Mattiacci et al., 1994; Shiojiri et al., 2001). Terpenoids are a major class
among volatiles that attract natural enemies (Takabayashi et al., 1994; Pichersky &
Gershenzon, 2002). They are relased in analogous amounts in herbivore-damaged and
4
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mechanically-damaged cabbage plants, as well as in undamaged plants (Mattiacci et al., 1994;
Shiojiri et al., 2001). The volatile fraction of terpenoids predominantly consists of the
hemiterpene soprene (C5), monoterpenes (C10) and the sesquiterpenes (C15) and their derivates
such as homoterpenes (C11 and C16). Monoterpenes and sesquiterpenes are synthezised by the
condensation of two or three isoprene units, respectively (Cheng et al., 2007). Because of
their physiochemical properties, such as volatility, reactivity and toxicity many protective
functions against abiotic and biotic factors have been documented for terpenoids (Holopainen,
2004). Terpenoids are involved in plant-pollinator interactions and have important functions
in plant defense against herbivores (Paré & Tumlinson, 1999; Pichersky & Gershenzon, 2002;
Keeling & Bohlmann, 2006; Schie et al., 2006).

The plant-released C6 aldehydes, alcohols and esters are called “green leaf volatiles”, because
they embody the typical odour of undamaged and damages leaves. They are breakdown
products formed by oxidation of plant lipids (Hatanaka, 1993). Plants emit green leaf volatiles
during aging or when injury occurs (Visser & Avé, 1978; Hatanaka, 1993). There is a
dramatic increase of green leaf volatiles in the headspace of damaged cabbage plants
compared to undamaged plants, which may impact host searching of parasitoids (Mattiacci et
al., 1994; Smid et al., 2002).

Isothiocyanates are volatile breakdown products of glucosinolates which are found in
Brassicaceae (Rask et al., 2000; Hopkins et al., 2009;). Glucosinolates are metabolized to the
toxic isothiocyanates and other compounds by the enzym myrosinase which is stored in
spezialised plant cells. When the plant tissue is damaged, e.g. by herbivores, the
glucosinolates stored in the vacuole come into contact with the enzyme myrosinase. Specialist
herbivores on Brassicaceae, are able to detoxify, excrete or reduce the toxicity by behavioural
adaptation (Hopkins et al., 2009). More than 120 different glucosinolates have been identified
so far (Fahey et al., 2001). Natural enemies use glucosinolates and their breakdown products
as synomones to find their hosts within their host plant. Butenyl-isothiocyanate, which was
found to attract Phradis morionellus is released in higher amounts from plants infested by
pollen beetle larvae than from uninfested plants (Jönsson & Anderson, 2008). The parasitoids
T. obscurator and T. fulvipes and Platygaster subuliformis were strongly attracted to yellow
water traps baited with 2-phenylethyl isothiocyanate, a component of the odour of the
vegetative parts of oilseed rape (Murchie et al., 1997; Ulber & Wedemeyer, 2006)
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Possible effects of insecticides on parasitoids
Current pest control practices are based on broad spectrum chemical insecticides which also
have neurotoxic side-effects to beneficial insects. Two or three insecticide treatments were
performed to control the major pests attacking oilseed rape, the rape stem weevil and cabbage
stem weevil at stem elongation, the pollen beetle at bud stage and the cabbage seed weevil
and the brassica pod midge at flowering (Alford et al., 2003; Menzler-Hokkanen et al., 2006;
Bürger & Gerowitt, 2009; Freier et al., 2009). Frequent applications of pyrethroid insecticides
have recently caused a widespread resistance of pollen beetles in many European countries
(Hansen, 2003; Heimbach et al., 2006; Wegorek & Zamojska, 2006). Further, insecticides
may harm natural enemies of pests. The main period of activity of tersilochine parasitoids
(except Tersilochus microgaster) occurs in the late bud stage up to the end of flowering of
oilseed rape (Johnen et al., 2006; Ulber et al., 2006). Adult parasitoids can be affected by
insecticides in different ways: they can be exposed to insecticide spray droplets (Jepson,
1989) or to the residues on the plant foliage when foraging for hosts (Brown, 1989; Longley
& Jepson, 1996) or feeding on contaminated water droplets and nectar (Langley & Stark,
1996). Parasitoids may be affected by increased direct mortality or by sublethal effects on
their physiology and behaviour.
Sublethal effects of insecticides are defined as effects (pyhsiological or behavioural) on
individuals that survive exposure to pesticides (Desneux et al., 2007). Sublethal effects of
insecticides may affect fecunditiy, longevity and behaviour through neurotoxic activity.
Behavioural effects of insecticides on parasitoids may be knock-down, uncoordinated
movements (Desneux et al., 2004), more frequent cleaning of their abdomen and legs and a
repellent or irritant effect of the pesticide (Wiles & Jepson, 1994; Longley & Jepson, 1996;
Desneux et al., 2007). Further, the oviposition behaviour of parasitoids may be disrupted by
masking of the attractive host plant odours, thereby preventing parasitoid females from
recognising the host plant and the host (Thiery & Visser, 1986; Nottingham et al., 1991), or
the insecticide odour could have a direct repellent effect on the insects (Jiu & Waage, 1990;
Longley & Jepson, 1996; Tran et al., 2004). The aphid parasitoid D. rapae spend less time
foraging on Brussels sprout plants treated with the insecticides pirimicarb, permethrin and
malathion compared to untreated plants (Jiu & Waage, 1990; Umoru et al., 1996).
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Strategies for conservation of parasitoid populations in integrated pest management
systems
According to threshold values of the pest populations, IPM management systems on winter
oilseed rape will require chemical pesticides. The effect of insecticides on parasitoid
populations may be affected by the mode of action, dosage, persistency and temporal and
spatial application (Jepson, 1989; Poehling, 1989; Alford et al., 1992). One way to protect
natural enemies is to optimize the timing of insecticide application. At early treatments for
control of stem weevils and pollen beetles it is necessary to observe only the cabbage stem
flea beetle parasitoid T. microgaster. Most parasitoid species are active on oilseed during the
late bud stage or flowering. The use of phenological models to find spray windows that allow
insecticide treatments consistent with good pest control and minimized effects on parasitoids
could be utilized in IPM systems. Targeting of insecticide application to the crop with regard
to pest incidence and parasitoid phenology on the crop has potential to minimize mortality of
parasitoids (Johnen et al., 2006).

Selective insecticides might have potential to avoid harmful effects of insecticides on
parasitoids in winter oilseed rape (Iwata et al., 1985; Brunner et al., 2001). Differential
toxicity of various pyrethroids and a relatively low toxicity of tau-fluvalinate to parasitoids in
oilseed rape (Klukowski et al., 2006; Jackowski et al., 2009) and other crops have been
reported (Moreby et al., 2001). While pyrethroids are known to have a broad-spectrum
activity (Casida et al., 1983), systemic insecticides, e.g. neonicotinoids, and their metabolites
are claimed to be fairly safe for beneficial insects, because direct contamination only occurs
when the insects feed on the plant tissue (Stapel et al., 2000). Knowledge of the relative
toxicities of different insecticides to parasitoids would aid selection of appropiate products
which could help to conserve natural enemies and could be used in IPM systems.

Another way for increasing the selectivity of insecticides may be using reduced application
rates of insecticides. Applying insecticides at lower rates of active ingredients per unit area
may protect natural enemies, whereas pest mortality remains at a high level (Ripper, 1956;
Poehling, 1989; Longley et al., 1997; Booth et al., 2007). Most studies on the effect of
reduced field dose rate on pests and their natural enemies have been conducted with aphids. It
has been proved in various studies that reduced rates of insecticides can provide sufficient
control of aphids (Ripper 1956; Poehling, 1989; Acheampong & Stark, 2004; Booth et al.,
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2007), wheras natural enemies were protected (Longley et al., 1997; Niehoff & Poehling,
1995).

Spatial targeting of insecticides to areas of high pest density could be a scope for reducing
insecticide side-effects and conserving parasitoid populations. Pests are often distributed
irregularly within the crop. Major pests are edge-distributed during their immigration into the
crop. This has been observed with cabbage stem weevil (Free & Williams, 1979; Klukowski
et al., 2006), pollen beetle (Free & Williams, 1979), cabbage stem weevil (Free & Williams,
1979; Murchie et al., 1999) and brassica pod midge (Free & Williams, 1979; Ferguson et al.,
2004). Application of insecticides only to crop edges during the immigration period of the
pests could kill the pests while protecting the parasitoids in the central unsprayed area of the
crop (Barari et al. 2005; Cook et al., 2006). This could be amplified by using traps crops: this
so called “push-pull” strategy is focused on the manipulation of the distribution of the pests
on the crop. In oilseed rape, turnip rape (Brassica rapa L.) can be used as the trap crop to
“pull” the pests away from the main oilseed rape crop (Cook et al., 2006; Cook et al., 2007).
Field experiments demonstrated that turnip rape crop borders reduce the abundance of
cabbage stem flea beetle (Barari et al., 2005) and pollen beetle (Cook et al., 2006) in the
oilseed rape main crop and reduce the need for insecticides.
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Role of volatiles emitted from the host-plant complex in host location by the
cabbage stem borer parasitoid Tersilochus obscurator on winter oilseed
rape
Abstract
The cabbage stem weevil, Ceutorhynchus pallidactylus, is an important pest on crops of
winter oilseed rape. Damage to plants is caused by larval feeding within petioles and stems.
Weevil populations are under partial natural control by the key larval parasitoid Tersilochus
obscurator. In this study chemical stimuli which are used by female T. obscurator for finding
their endophagous host larvae were investigated. In laboratory experiments, the role of
volatiles emitted from uninfested plants and from plants infested by larvae of C. pallidactylus
was studied in behavioural and electrophysiological (EAG-GC/MS) bioassays, using female
T. obscurator as test insects. Naive and experienced females were used in dual-choice tests
and Y-olfactometer bioassays. Prior experience with host-plant cues significantly increased
the probability of host finding. In olfactometer tests, parasitoids responded to volatile cues
elicited by plants damaged by stem weevils. Odour of host larvae did not attract the wasps.
Six of the 19 identified volatiles were released in significantly higher amounts from infested
plants than from uninfested plants. Further, eight compounds were only released from infested
plants and one compound only from uninfested plants. In EAG bioassays, female T.
obscurator strongly responded to volatile compounds released from infested plants, especially
Nonanal and α-farnesene, and to 1-Hexanol, 2-ethyl, and Terpinen-4-ol released from
uninfested plants.

Introduction
The cabbage stem weevil, Ceutorhynchus pallidactylus (Mrsh.) (Col., Curculionidae), is one
of the most damaging stem-boring pests in winter oilseed rape (Brassica napus L. var.
oleifera Metzg.) in Europe (Alford et al., 2003). Females deposit their egg batches into
petioles of oilseed rape plants in April/May. Damage is caused by larval feeding within
petioles and later in the main stem. In Germany yield losses of 20-30% have been reported
(Broschewitz et al., 1993). The larvae of C. pallidactylus are parasitized by the univoltine
endoparasitoid Tersilochus obscurator Aubert (Hymenoptera: Ichneumonidae) (Ulber 2003;
Ulber & Nitzsche, 2006). Female parasitoids lay their eggs singly into the host larvae while
these are mining within petioles. Parasitoid larvae hatch within hosts, but develop to second
and third instar larvae not before the full-grown host larvae has migrated to soil for pupation
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(koinobiont). The adult wasps diapause inside their pupal coocon in the soil until emerge in
the following spring (Ulber, 2003).
Foraging insect parasitoids are known to respond to a variety of stimuli, including chemical,
visual, vibrational, and tactile cues (Allen et al., 1999; Meyhöfer & Casas, 1999; Wäckers &
Lewis, 1999; Jönsson et al. 2005). Olfaction is often considered to provide the most important
evidence for the presence of endophagous host larvae (Vet & Dicke, 1992; Potting et al. 1995;
Dicke 1999). Parasitoids have been found to respond to plant odours more easily than to host
derived stimuli (Vet et al. 1991a). Various plant volatiles are released specifically after
herbivory. These compounds can be reliable indicators for host presence and attract
parasitoids (Turlings et al. 1990). As these chemicals are favourable to the plant, they are
called herbivore-induced synomones (Vet & Dicke, 1992).
Little is known about the behavioural ecology of T. obscurator and in particular about factors
affecting host location. The aim of this study was to investigate, in laboratory bioassays, the
olfactoric stimuli which are used by T. obscurator for encounter of host larvae. A coupled
electrophysiology-gaschromatography approach was used to sub-divide the complex plant
volatile blends into individual components, and to identify which individual volatile elicits
olfactory activity in parasitoid females.

Material and Methods
Laboratory experiments
Test insects
To obtain a large number of female T. obscurator of standardized age and of similar
physiological condition for the bioassays, larvae of C. pallidactylus were collected from main
stems of unsprayed oilseed rape plants in the field. Third instar larvae were released on slices
of kohlrabi in plastic boxes and reared until maturation. For pupation, the full-grown larvae
were transferred to plastic boxes (500 ml) containing a moistened soil substrate (clay-loamy
soil mixed with sand). The boxes were stored under laboratory conditions (16hL : 8hD,
22°C). Adult cabbage stem weevils emerging from the soil after 12 – 15 days were transferred
to plastic boxes and supplied with leaves of oilseed rape. To enable an obligate prereproductive diapause, the weevils were stored under simulated winter conditions in a cooling
room at a changing temperature and light regime (Table 1). By using this method, a total of
33 to 44% of larvae was successfully reared up to the adult stage.
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Table 1: Temperature and light regime applied to diapausing adults of C. pallidactylus
Period
days
14
14
70 - 100
21
21
21 - 50

temperature
°C
14
10
6
10
14
laboratory

light regime
(h L : h D)
18 : 6
16 : 8
12 : 12
16 : 8
18 : 6
18 : 6

For rearing adult T. obscurator in the laboratory, parasitoids cocoons were collected from the
soil used for pupation of weevils by sieving (mesh size 2 mm) and stored in petri dishes lined
with moisture filter paper. As the parasitoid requires an obligate pre-productive diapause, the
cocoons were also kept in a cooling room under simulated winter conditions at changing
temperature and light regime (Tabel 2). In total, 28 - 40% of field collected C. pallidactylus
larvae were parasitized.

Table 2: Temperature and light conditions applied to diapausing T. obscurator
Period
days
21
21
50 - 90
14
14

temperature
°C
14
10
6
10
14

light regime
(h L : h D)
18 : 6
16 : 8
12 :12
16 : 8
18 : 6

Emergence of adult parasitoids was initiated by transferring the cocoons to laboratory
conditions. Before transferring to the experiments, females and males were stored for 5 – 8
days in a cage under laboratory conditions. They were supplied with oilseed rape flowers and
water. In the two-choice tests females with oviposition experience and unexperienced females
were used. The effect of oviposition experience on the response of parasitoids to volatile cues
emitted from the host-plant complex was investigated by using the following methodology.
One group consisted of naive females which had no prior contact with infested plant material
before used in the bioassay. The other group consisted of experienced females which were
released for 1h on leaves infested by C. pallidactylus larvae and allowed to oviposit 2h prior
to the bioassay.
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Collection of adult parasitoids in the field
For the GC/MS-EAG analyses, field collected parasitoids were used. They were captured in
malaise traps which were exposed in insecticide-untreated fields of oilseed rape crop near
Göttingen. The traps were emptied twice a day. Female parasitoids were stored for 48 hours
in the laboratory and supplied with oilseed rape flowers and water before the experiment
started.
Artificial infestation of plants by C. pallidactylus
Plants infested by larvae of C. pallidactylus were needed in the behavioural and
electrophysiological bioassays with T. obscurator. Oilseed rape plants (Brassica napus,
cultivar Westar) were grown under greenhouse conditions. For artificial infestation by
C. pallidactylus two plants in the “6-true-leaf stage” were exposed to three females and one
male of C. pallidactylus within an insect cage (BugDorm-2, Mega View Science and
Education Services Co., Taichung, TW) measuring 60cm x 60cm x 60cm. Following an
oviposition time of 24h, plants were removed and transferred to a climate chamber (20 °C, 16
L : 8 D, 4.000lux). Infested plants were used in the experiments 7 – 21 days after oviposition,
when larvae were in the second to third instar.
Dual-choice test
A dual-choice experiment was designed to study the behaviour of naive and experienced
T. obscurator females, when given a choice between an uninfested leaf and a leaf infested by
C. pallidactylus larvae. In previous experiments in a windtunnel, females of T. obscurator did
not respond when exposed to different wind intensities and different light sources. Better
results could be obtained by offering infested leaves in a small experimental arena to
parasitoid females. In this experiment leaves of oilseed rape (Brassica napus, cultivar
Westar), which had been infested with larvae of C. pallidactylus as describes above were
used. An infested and an uninfested leaf were exposed 10 cm apart in a perspex cage (30 cm x
20 cm), with two walls covered with gauze for air exchange. The base of the petioles was
sealed with wet cotton wool. The experiment was performed in a room without daylight. As
parasitoids are highly attracted by the light, the light source was set up below the
experimental cage. Five to eight days old females of T. obscurator were released individually
in the center of the experimental cage. The total residence time on the leaves was recorded
within 5 min observation time. In addition, the first choice and the ovipositor probes were
assessed.
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Y- Olfactometer tests
The response of female T. obscurator to olfactory stimuli involved in host microhabitat
location was studied by using a Y-olfactometer. Five different sources of odour were tested:
(1) infested leaf with host larvae vs. uninfested leaf; (2) infested leaf with host larvae vs.
infested leaf without host larvae; (3) infested leaf without host larvae vs. uninfested leaf; (4)
host larvae vs. clean air; (5) uninfested leaf vs. clean air. In the Y- olfactometer, the insects
could select between two airstreams carrying odours of the different treatments. It consisted
of a Y-shaped perspex tube of 27 mm inner diameter, with arms of 120 mm length connected
at a 40° angle to the central tube. As T. obscurator is strongly attracted by light, the light
source was positioned at the back of the two arms of the olfactometer, thereby stimulating
insect movement to this direction. The air was pumped into a gas-wash bottle filled with
active charcoal and thereafter divided into two lines of Teflon tubing. The air flow was
adjusted via two flow meters to 70 cm³/ sec. The air was piped into bottles with distilled
water. The tubes were connected to two bottles containing the odour sources. Groups of five
females of T. obscurator were released into the central tube of 15 cm length and allowed to
choose one of the arms. Females that did not make a choice within 10 minutes were not
included in the analyses. The first choice for one of the two odour sources was recorded when
females moved into the respective arm of the olfactometer. To avoid any asymmetrical bias in
the setup, the odour sources were changed after testing 10 parasitoids. For each combination,
30 females were tested.

Collection of volatiles emitted from plants
Potted oilseed rape plants (cultivar Westar), as described above, were used to collect the
odour blend emitted from uninfested and infested plants. A total of 25 uninfested and 68
infested individual oilseed rape plants were tested. Plants infested by C. pallidactylus larvae
were enclosed within an ethylen-tetraflorethylen (ETFE) bag (70 cm x 40 cm x 40 cm) in the
greenhouse under daylight conditions, from 10 am to 1 pm. The bags were mounted on a
laboratory pedesta. The opening of the bag was closed around the stem base by mounting its
opposite edges between aluminium splints, and fixing with clips. Volatile trapping was started
after 1 h to ensure air homogeneity within the bags. Volatiles were collected for 2 hours. An
ETFE stopper containing two openings (0.67 mm diameter) was inserted into the bags. Air
containing volatiles was sucked off from the interior air volume of the bag through one of the
openings by using a miniature vacuum pump (DC12/16 NK Fa. Fürgut, Germany). A volatile
trapping device (Prec. Charcoal filter (1.5 mg) Fa. Brechbuehler AG, Switzerland) was
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mounted in the tubing between the bag and the pump at the inlet part of the pump. The outlet
of the pump was connected with the bag by tubing to maintain a constant air circulation. The
circulation of the air was kept at a constant air flow by adjusting the pump to a power supply
(PS-302 A, Fa. Conrad Electronic, Germany) at 9 volt. Plant volatiles were eluted from the
absorbent characoal filter by using 75 µl dichlormethan and methanol (2:1; v/v).

GC-MS/EAG system
Samples were analyzed by coupled GC-MS/EAD (Weissbecker et al. 2004), using a 6890N
gas chromatograph (Agilent, Palo Alto, CA, USA) and a 5973N mass spectrometer (Agilent).
The GC was equipped with a split/splitless (S/SL) injector and a HP-5MS column (Agilent;
30 m, 0.25 mm I.D, film thickness 0.25 µm). A GRAPHPACK 3D/2 flow splitter (Gerstel,
Mülheim, Germany) was used to split the effluent from the column into capillaries leading to
the MS (1 m long, 0.1 mm ID) and to the EAD (1 m long, 0.15 mm ID). The restriction
capillaries resulted in an equal split of the gas flow into the two setups. A modified “olfactory
detector port” (ODP-2; Gerstel) guided the capillary out of the GC oven within a flexible
heating sleeve (Weissbecker et al., 2004). Volatiles were eluted from the column into a flow
of helium make-up gas, and then mixed with humidified air (23°C, 80% RH). The airflow
(flow rate, 400 ml/min) was directed through the flow tube (15 cm long, 6 mm ID, PTFE) to
the insect antenna preparation that was housed in a PTFE detector cell. Excised antennae of T.
obscurator were placed into an antenna holder milled from a perspex disc (Färbert et al.,
1997). Within the holder, the ends of the antennal contacted an electrolyte solution that
provided electrical contact to a pair of Ag/AgCl electrodes. EAD potentials were amplified by
a factor of 100 with a high-impedance amplifier (input impedance 100 MΩ; Prof. Koch,
Kaiserslautern, Germany) which contained a built-in low-pass filter set to a cutoff frequency
of 1 Hz to suppress the ubiquitous electrical supply frequency of 50 Hz. An additional high
pass filter set at a cutoff frequency of 0.01 Hz was used to suppress drift of the EAD signal.
The amplified and filtered signal was digitized by using a 35900E A/D converter (Agilent)
and recorded by the GC ChemStation software (Agilent).

Analytical Conditions
One-µl aliquots of the samples were injected into the S/SL injector (temperature, 250°C). The
GC oven was programmed from 50°C for 1.5 min, ascending at 6°C/min to 200°C; hold for 5
min. Helium was used as carrier gas (1 ml/min, 24 cm/sec). The GC-MS interface was held at
280°C. The heating sleeve of the ODP was set to 230°C. The MS used electron impact
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ionization (EI) at 70 eV, in scan mode (35–300 mass units, 2.78 scans/sec). For preliminary
peak identification, the NIST mass spectral library (National Institute of Standards and
Technology, Gaithersburg, MD USA) was used. Subsequently the retention time of compounds
were compared with those of synthetic standards and the Retention Time Internal Database.

Electroantennogram dose–response series
Dose response series were measured by manual injection of odour standards into the air
stream passed over the antennae of female T. obscurator mounted in an electroantennogram
(EAG) setup. Odor standards were produced from dilution series of the respective compounds
in paraffin oil (Uvasol quality, Merck/VWR). Small pieces of filter paper (2 cm2; Schleicher
& Schuell, Dassel, Germany) were soaked with 100 µL of the standard dilution. The filter
paper was inserted into a 10-ml glass syringe (Poulten & Graf GmbH, Wertheim, Germany).
Within the air volume of the syringe, the odorant accumulated at a concentration proportional
to the concentration of the substance in the solution and its vapor pressure according to
Henry’s law. A reproducible stimulus could be supplied by puffing 5 ml of air over the
antenna (Schütz et al., 1999). The resulting signals were amplified (100×).
The following standard substances were measured: Terpinen-4ol 97% (Acros Organics),
Octanal 99% (Acros Organics), Nonanal 98% (Merck Schuchardt) , cis-3-Hexen- 1ol 98%
(Arcos Organics).

Field experiments
Baited water traps
For testing the attractiveness of selected volatiles to female T. obscurator under field
conditions, yellow water traps were set out 10 m apart from the edges in oilseed rape and
winter wheat fields, the latter being used by parasitoids overwintering. The chemicals tested
were obtained from commercial sources (Undecane: cas 1120-21-4, Acros Organics 99%;
Terpinen-4-ol: CAS 562-74-3, Acros Organics 97%). The undiluted liquids (300 µl) were
applied to pieces of cellulose sponge (10 mm thick) that were heat-sealed into polyethylene
bags. Compounds were released individually by diffusion from bags. The rate of daily
diffusion was 5.766 mg/day Terpinen-4-ol and 19.42 mg/day Undecane. The odour sources
were replaced every three weeks. The response of field populations of adult T. obscurator to
traps baited with volatiles was compared with the response to unbaited control traps. Captured
insects were removed at intervals, identified by keys of Horstmann (1971; 1981) and counted
in the laboratory.
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Statistical Analyses
Significant differences between treatments in dual-choice bioassays were calculated by χ2-test
(p < 0.05). Data of peak area of GC analyses were log-transformed before testing for
significant differences by Mann-Whitney-U-Test. Differences in frequency and proportion of
volatiles detected in GC/MS were analysed by χ2 –test. RM-ANOVA was applied to evaluate
significant differences between the cumulative numbers of parasitoids in baited and unbaited
yellow water traps.

Results
Dual choice tests
The first choice of naive females of T. obscurator was not significantly different between
infested leaves and uninfested leaves. A total of 57.3% of naive females moved towards the
infested leaves. They did not show a significant preference for the host-infested leaf compared
to the uninfested leaf. Similarly, the residence time and the number of ovipositor probes by
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naïve females did not differ significantly (Fig. 1).

0
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Fig 1: Mean residence time (Xm + SE) of naive female T. obscurator and % of penetrating
females on oilseed rape leaves infested by larvae of C. pallidactylus and uninfested leaves.
Observation period 5 min. Columns with the same upper case/lower case letters are not
significantly different (χ2-Test, p < 0.05, n = 25).
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In contrast, 71 % of the experienced females made their first choice to the herbivore-infested
leaf. The oviposition experience prior to the bioassay significantly increased the residence
time on the infested leaf compared to the uninfested leaf. Infested leaves elicited ovipositor
probes by 55% of females while only 7.5 % of females penetrated the the uninfested leaf (Fig
2).
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Fig 2: Mean residence time (Xm + SE) of experienced female T. obscurator and percentage of
penetrating females on oilseed rape leaves infested by larvae of C. pallidactylus and
uninfested leaves. Observation period 5 min. Means with different upper case/lower case
letters are significantly different (χ2-Test, p < 0.05, n = 21).

Y- olfactometer tests
In Y-olfactometer tests, experienced parasitoid females were significantly more attracted
towards the odour of the infested leaf, whereas naive female parasitoids showed no clear
preference for the infested or uninfested leaves (Fig 3).
Additional Y-olfactometer tests showed that a significantly higher percentage of experienced
females of T. obscurator responded to infested leaves without larvae than to uninfested leaves.
The odour from isolated host larvae alone did not attract female parasitoids. Uninfested leaves
were significantly more attractive than clean air (Fig 4).
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Fig 3: Percentage of naive and experienced females of T. obscurator attracted to volatiles
emitted by oilseed rape leaves infested by C. pallidactylus larvae and uninfested leaves in Yolfactometer tests. Different upper case or lower case letters indicate significant differences
(χ2-Test, p < 0.05, n = 24).
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Fig 4: Percentage of experienced females of T. obscurator attracted to different odour sources
in Y-olfactometer tests. * indicates significant differences (χ2-Test, p < 0.05, n = 24-31).
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Volatiles emitted from infested and uninfested oilseed rape plants
The volatile compounds 3-Hexen-ol, 2 Octanol, Unidentified II, Benzaldehyd, Octanal,
Dodecane, α-Farnesene and Acetophenone were only released from plants infested by
C. pallidactylus larvae, but not from uninfested plants (Fig 5). In contrast, β-myrcene was
only detected in infested plants. Infested as well as uninfested plants commonly elicited 1Hexenyl 2 –ethyl and Undecane, while Terpinen-4-ol was found more frequently in
uninfested plants and 3-Hexen-1ol acetate and Naphtalene more frequently in infested plants.
The records of individual volatiles differed between the replicated plants within each
treatment.
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Fig 5: Proportion of plants infested by C. pallidactylus larvae and of uninfested plants
(Brassica napus, cultivar Westar) that released plants volatiles Uninfested n = 25, infested n =
68, * indicates significant differences (χ2 - Test, p < 0.05).
The infestation of plants by larvae of C. pallidactylus significantly increased the amount of
volatiles released from plants (except Terpinen-4-ol). Plant infestation increased the total
release of volatiles by 55.7%. The infested plants produced several alcohols, aldehyde,
terpenoids and acetophenone which were not found in uninfested plants (Fig 6).
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Fig 6: Amount of volatiles (mean peak area + SE) released from plants infested by C.
pallidactylus larvae and from uninfested plants (B. napus, cultivar Westar). Uninfested n =
25, infested n = 68. Internal standards: Eucalyptol: peak area of 7655387 is equivalent to 92,5 ng
Eucalyptol, Decanal: peak area of 932745 is equivalent to 82,8 ng Decanal. * indicates significant
differences (Mann-Whitney-U-test, p < 0.05).
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Fig 7: Relative amounts (%) of individual compounds in the volatile blends of uninfested
oilseed rape plants (B. napus, cultivar Westar) and plants infested by larvae of C.
pallidactylus. * indicates significant differences ( χ2 - Test, p < 0.05).

When the volatiles released from infested plants were tested in GC/MS-EAG analyses, 12 out
of 19 volatile compounds elicited antennal responses by female T. obscurator in more than
three of the 75 GC/MS-EAG experiments. Uninfested plants elicited responses to only six out
of eleven compounds. Females of T. obscurator responded particularly to terpenoid, aldehyde
and alcohol compounds (Table 3). The volatiles 1-Hexenol, 2-ethyl and Terpinen-4-ol elicited
the strongest response of T. obscurator to uninfested plants, while Nonanal and α-farnesene
provoked the strongest response to infested plants (Table 3).
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Tab 3: EAG-responses of female T. obscurator to volatiles emitted from uninfested oilseed
rape plants (B. napus, cultivar Westar) and plants infested by larvae of C. pallidactylus,
Infested: n = 75, Uninfested n = 27.

1-Hexanol, 2-ethyl
3-Hexen-1-ol
2-Octanol
Unidentified I
3-hexen-1-ol, acetate
Unidentified II
Benzaldehyd
Octanal
Nonanal
Decanal
Undecane
Dodecane
α –Farnesene
β- Mycrene
Limonene
Eucalyptol
Terpine-4-ol
Napthalene
Acetophenone

EAG-Response of T.
obscurator to volatiles of
uninfested plants
*****

EAG-Response of T. obscurator
on volatiles of infested plants
**
*

**
*
*
****
*
**

*

***
*
*
*
*****

*
*
*

* = 0-100 mV, ** = 100 –200 mV, ***= 200 – 300 mV, **** = 300 – 400 mV,
***** = 400 – 500 mV

The absolute sensitivity of the antennae of female T. obscurator towards four of the identified
compounds was determined by using commercially available standards. The EAG dose
responses obtained by antennal stimulation with reference standards in dilution series are
depicted in Fig. 8. The highest EAG response was observed in response to Octanal, Terpinen4-ol and Nonanal, with amplitudes of 75 µV to 110 µV for the tested 10-2 dilution. At the 10-3
and 10-2 dilution level, the antenna responded to 3-Hexen-1-ol with amplitudes of 30 µV. The
EAG-response to all tested compounds increased strongly from the 10-4 dilution to the 10-2
dilution.

28

Chapter II

180
160

Antennal response mV

140

Nonanal
Octanal
3-Hexen-1-ol
Terpinen-4-ol

120
100
80
60
40
20
0
10-5

10-4

10-3

10-2

Dilution

Fig 8: Electroantennogram dose- response curves of volatiles emitted from uninfested and
infested plants, obtained from antennal stimulation of female T. obscurator. Puffs of 5 ml of
air were loaded with reference standards of plant odours. Each point represents the mean + SE
antennal response.

Field experiment
Baited yellow water traps
At the overwintering site, in a winter wheat field, significantly higher numbers of female
T. obscurator were caught in traps baited with Undecane than in traps without Undecane (Fig
8). In the oilseed rape field the traps baited with Undecane were not preferred by female T.
obscurator (Fig 9).
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Fig 8: Cumulative number of female T. obscurator caught in yellow water traps (ywt) baited
with Undecane and in unbaited traps at the overwintering field of parasitoids. RM-ANOVA; p
≤ 0.05.
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Fig 9: Cumulative number of female T. obscurator caught in yellow water traps (ywt) baited
with Undecane and in unbaited traps in a crop of oilseed rape. RM-ANOVA; p ≤ 0.05.
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Yellow water traps baited with Terpinen-4-ol did not attract significantly more females of
T. obscurator at the overwintering field than unbaited traps (Fig 10). In the oilseed rape field,
however, significantly more female T. obscurator were caught in traps baited with Terpine-4ol than in traps without Terpinen-4-ol (Fig 11).
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Fig 10: Cumulative number of female T. obscurator caught in yellow water traps (ywt) baited
with Terpinen-4-ol and in unbaited traps at the overwintering field. RM-ANOVA; p ≤ 0.05
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Fig 11: Cumulative number of female T. obscurator caught in yellow water traps (ywt), baited
with Terpinen-4-ol and in unbaited traps in a crop of oilseed rape. RM-ANOVA; p ≤ 0.05
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Discussion
In laboratory bioassays, females of T. obscurator were able to discriminate between
uninfested leaves and leaves infested by larvae of their host C. pallidactylus. Oviposition
experience of females increased the probability of host finding significantly. Within five
minutes of observation, 71% of experienced females made their first choice to infested leaves.
Experienced females were clearly arrested on host-damaged leaves and significantly more
females made oviposition probes into infested leaves than into uninfested leaves. There are
various examples in the literature demonstrating that experienced females respond faster and
exhibit more direct flights to a host-plant complex than naive females (Drost et al., 1986;
McAuslane et al., 1991). These assoziations between stimuli and resources can be both innate
(Wäckers, 1994) and learnt (Lewis & Takasu, 1990; Vet & Groenewold, 1990). Associative
learning allows parasitoids to focus on the most reliable cues for host finding (Vet &
Groenewold, 1990; Jong & Kaiser, 1991; Geervliet et al., 1997b). Furthermore, learning to
respond to cues from one plant-host complex can facilitate host-finding when other hostinfested plants emit similar compounds or volatile blends (Geervliet et al., 1997b). Whether
this increased response to infested leaves is due to an increased sensitivity or to assoziative
learning remains to be elucidated.
Insect parasitoids respond to a variety of stimuli, including visual, vibrational, chemical, and
tactile cues, when foraging for potential hosts (Allen et al., 1999; Meyhöfer & Casas, 1999;
Wäckers & Lewis, 1999; Jönsson et al., 2005). Olfaction is often considered to provide the
most important evidence for the presence of host larvae, particularly for endophagous hosts
hidden within the leaves or stems (Vet et al, 1991a, Potting et al., 1995). Our Y-olfactometer
bioassays demonstrated that olfactory stimuli originating from the host-plant complex are
sufficient cues for discrimination of T. obscurator between infested and uninfested leaves.
The parasitoids were attracted to the odour of infested oilseed rape leaves, even when the host
larvae had been removed. Dissection of the host larvae from the petioles caused an artificial
damage. In pre-experiments, mechanically damaged leaves did not attract female parasitoids
compared to uninfested, undamaged leaves. Therefore we assume that females were attracted
to volatiles of the host-plant complex rather than to the host larvae. The exact origin of the
cues inducing host searching and oviposition of T. obscurator on herbivore-damaged leaves
were not completely elucidated by our present experiments. It was not possible to separate the
volatiles emitted from frass and faeces of host larvae from volatiles released by the infested
leaf. Volatiles of the host larva itself did not attract parasitoid females. Similarly, in other
studies herbivore-damaged plants were more attractive to parasitoids than the herbivore itself
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or its by-products (Turlings et al., 1991c; Geervliet et al., 1994). Potting et al. (1995)
observed that infested maize stems remained attractive to the parasitoid Cotesia flavipes even
when the stem-boring larvae of Chilo partellus were removed; the parasitoid did not make a
distinction between infested stems with or without larvae. The frass of the host larvae
attracted the parasitoid to the stem-borer infested stem: parasitoids were significantly attracted
to frass when tested against larvae (Potting et al., 1995).
Host-derived stimuli and host products such as faeces are most reliable cues indicating
presence, accessibility and suitability of hosts, but they are generally more difficult to detect
(Vet & Dicke, 1992). Jönsson & Anderson (2008) found that the total amount of volatiles
emitted by pollen beetle larvae was more than 400 times smaller than the average amount of
volatiles collected from the inflorescences of an infested plant. Stimuli produced by host
larvae might be used by parasitoids during a later phase in the host-location process, i.e., after
landing on a damaged plant, where they have an arrestant effect (Turlings et al., 1991a;
McCall et al., 1993; Mattiacci & Dicke, 1995). The braconids Cotesia marginiventris, Cotesia
glomerata and Cotesia rubeluca are highly attracted by odors emanating from herbivoredamaged plants, whereas odours of larval frass or host larvae were far less attractive to these
parasitoids (Turlings et al., 1991b; Steinberg et al., 1992; Steinberg et al., 1993; Geervliet et
al., 1994). Even if the odour emitted from the host or host products are reliable indicators for
host presence, their long-range detectability is very low (Turlings et al., 1991a; Vet et al.,
1991b).
In our olfactory studies the uninfested leaves were more attractive to female T. obscurator
than clean air. Parasitoids are known to use volatiles derived from the oilseed rape plants for
location of the host habitat. Females of C. rubecula were attracted to uninfested leaves
indicating that host plant cues are involved in host habitat location (Kaiser & Cardé, 1992). In
long-range search for oilseed rape plants the parasitoids Phradis interstitialis and T.
obscurator used odour-induced upwind anemotaxis (Williams et al., 2007). The plant odour is
carried downwind from the host plant and disperse due to turbulent diffusion (Murlis et al.,
2000). Following arrival at the host habitat, short-distance search is mainly based on contact
chemical cues of lower volatility, i.e. host salivary gland or mandibular gland secretions, host
frass, and cuticular secretions may be involved in locating the host larvae (Turlings et al.,
1991c; Vet & Dicke, 1992; Geervliet et al., 1994; Vinson, 1998; Meiners & Hilker, 2000). In
our dual choice experiment, the searching behaviour of female T. obscurator following host
location, was based on chemosensory cues of low volatility detected by sensilla on the
antennae and on tip of the ovipositor. After cleaning of antennae, head, thorax, legs, abdomen
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and wings, the searching behaviour of females consisted of walking along the leave,
drumming with their antennae and tapping with their ovipositor into the petiol.
We found substantial differences between the volatile blend of infested and uninfested oilseed
rape plants. However, there was a considerable variation between replicated plants within
treatments, with some compounds detected in only few plants per treatment or in very small
amounts. The high variation of volatiles between plants has also been observed by
Agelopoulos & Keller, (1994) and Mattiacci et al. (1994). The emission of herbivore-induced
volatiles is strongly affected by abiotic factors such as air humidity, temperature, light,
nutrients and soil substrate (Gouinguené & Turlings, 2002) as well as by biotic factors such as
plant cultivar, growth stage, and herbivore attack (Takabayashi et al.,1994). These factors are
known to influence the quantitative and qualitative composition of volatile emissions
(Jakobsen et al., 1994; Jakobson & Olsen, 1994; Takabayashi et al., 1994; Gouinguené &
Turlings, 2002).
The main components of the volatile blend released from Brassica plants are terpenoids and
green leaf volatiles (Mattiacci et al., 1994; Shiojiri et al., 2001). Further, characteristic
compounds of Brassicaceae (Rask et al., 2000), the glucosinolates and their breakdown
products isothiocyanates, have been reported to assist as synomones host location by
parasitoids within plants of oilseed rape (Jönsson & Anderson, 2008).
The terpenoids were released in analogous amounts from both herbivore-damaged and
mechanically-damaged cabbage plants, as well as from undamaged plants (Mattiacci et al.,
1994; Shiojiri et al., 2001). Terpenoids represent a major class among herbivore-induced
synomones that are known to attract various carnivores (Takabayashi et al., 1994; Pichersky
& Gershenzon, 2002). In this study the flower terpenoid ß-mycrene was solely detected in
uninfested plants, while α-farnesene was found only in infested plants. Mycrene was reported
to be commonly released from uninfested cabbage plants, while α-farnesene was emitted from
P. xylostella damaged cabbage plants (Geervliet et al., 1997a; Vuorinen et al., 2004).
Parasitoids use flower volatiles such as terpenoids and 2-ethyl-1-hexanol to locate nectar
sources (Wäckers, 1994). Rape flower odour mainly consists of terpene compounds, with the
sesquiterpene α-farnesene being the dominant volatile emitted from oilseed rape particularly
at flowering (Evans & Allen-Williams, 1992).
Among the fatty acid derivates, aliphatic alcohols, aldehydes and esters are found. The sixcarbon compounds in this group, together with some of their derivates, are often referred to as
“green leaf volatiles” (Hatanaka, 1993). They are found in many plant species (Hatanaka,
1993), and are typical plant volatiles which are induced by herbivory (Whitman & Eller,
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1990; Arimura et al., 2005). More than 90% of volatiles released from rape leaves are green
leaf volatiles (Evans & Allen-Williams, 1992). They are synthesised by oxidative degradation
of plant lipids and are continuously released by plants during aging or following injury
(Hatanaka, 1993). An increased emission of green leaf volatiles was observed in Brussels
sprouts and cabbage plants following larval feeding (Blaakmeer et al., 1994; Mattiacci et al.,
1994; Geervliet et al., 1997a; Mattiacci et al., 2001). For example, (Z)-3- Hexen-1-ol
comprised 31 % of the total volatiles in the headspace of Brussels sprouts plants infested by
Pieris brassicae, but only 4 - 9% of volatiles from undamaged, artificially damaged, or
caterpillar-regurgitate-treated leaves (Mattiacci et al., 1994). In this study, 3-Hexen-1-ol and
3-Hexen-1-ol acetat were found only in plants infested by C. pallidactylus, but not in
uninfested plants.
Our method applied for collecting volatiles was not appropriate for detecting isothiocyanates,
and it might be possible that these were released in sufficient amounts to affect parasitoid
behaviour. Isothiocyanates are characteristic for most cruciferous plants (Rask et al., 2000).
The parasitoids T. obscurator and T. fulvipes (Ulber & Wedemeyer, 2006) and Platygaster
subuliformis (Murchie et al., 1997) were strongly attracted to yellow water traps baited with
2-phenylethyl isothiocyanate in the field. The volatile 3-butenyl and 4-pentenyl
isothiocyanate accounted for < 0.5% of the natural rape leaf volatiles (Evans & AllenWilliams, 1992).
Most volatiles identified from oilseed rape in the current study are ubiquitous compounts
released by a wide range of other plant species (Knudsen et al., 1993). Our GC/MS-EAG
analyses showed that T. obscurator females responded to a range of 12 volatile compounds.
Hymenopteran parasitoids are known to respond to a broad spectrum of plant volatiles
(Baerecke, et al., 1989; Li et al., 1992; Smid et al., 2002). The braconids C. glomerata and C.
rubecula are able to perceive a range of at least 20 odour components from the blend
produced by Brussels sprouts plants following infestation by Pieris larvae (Smid et al., 2002).
Quantitative and qualitative differences between the volatile blends of plants, rather than
individual volatiles, could provide cues for host presence and might be used by parasitoids at
host searching. Crucifers damaged by herbivores were found to release volatiles at higher
rates than intact plants (Agelopoulos & Keller, 1994; Blaakmeer et al., 1994; Geervliet et al.,
1997a; Mattiacci et al., 2001). The quantitative differences between volatiles of Brussels
sprouts plants infested by P. rapae and by artificially damaged plants allowed the preference
of C. rubecula for infested leaves (Geervliet et al., 1994). Quantitative differences were also
observed with many components in the current study. The increased amounts of volatiles and
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the composition of the induced volatiles in relation to non-induced compounds might have
provided an important parameter supporting host location of T. obscurator.
The de novo production of several compounds might have been induced in response to
cabbage stem weevil damage. In several studies the release of herbivore-induced plant
volatiles has been shown to constitute an active response of the plant, apparent from the de
novo production of volatile compounds that are not released by intact or mechanically
damaged plants (Paré & Tumlinson, 1997). In the current study T. obscurator responded to
volatiles which were solely emitted by infested plants (exception 3-Hexen-1-ol, Dodecane).
Particularly the aldehydes, benzaldehyd, octanal, nonanal and decanal elicited antennal
responses on infested plants. Aldehydes were emitted also in response to wounding (Hu et al.,
2008). In this study nonanal elicited the strongest response. This compound was also shown to
be induced by whitefly-infested bean leaves and caterpillar-infested cabbages, respectively
(Dicke, 1999; Birkett et al., 2003). Terpenoids can be synthesized de novo by plants in
response to herbivore damage as well (Paré & Tumlinson, 1999). Terpinen-4-ol was released
in higher amounts by Brussels sprout plants infested with Plutella xylostella than in
uninfested plants (Bukovinszky et al., 2005). In the EAG-experiments Terpinen-4-ol elicited
strong response of T. obscurator to uninfested plants, wheras the EAG response to infested
plants was less. In the field experiments on oilseed rape, yellow water traps baited with
Terpinen-4-ol were more attractive to T. obscurator than unbaited traps. Terpinen-4-ol is
released from the flowering parts of oilseed rape and other plants (Knudsen et al., 2006).
Therefore it can be an important cue for location of flowers by T. obscurator. However,
yellow water traps baited with Terpinen-4-ol were not attractive at the overwintering side.
One explanation for this result may be that the background odours released from oilseed rape
plants play an important role in activating this terpenoid compound into the right context
(Pettersson, 2001), or the odour was masked by volatiles emitted from the surrounding rape
plants.
The alkanes Undecane and Dodecane are well known constituents of the plant cuticle on
stems and leaves. They have been recovered from herbivore faeces (Steidel et al., 2003;
Bugalho et al., 2005), which might be a cue to the host for host searching parasitoids. This
substance was also found in flowers and leaves of oilseed rape by Jakobsen et al. (1994).
Females of T. obscurator responded clearly to Undecane in the EAG experiment of infested
plants and to yellow water traps baited with Undecane at the overwintering fields.
The green leaf volatiles 3-Hexen-1-ol and 3-Hexen-1-ol acetat were only detected in infested
plants, but did not elicit EAG-reponses of T. obscurator, indicating that they are not involved
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in host location. Because of the widespread occurence of green leaf volatiles, it was
considered unlikely that the perception of these substances could be used to discriminate
between host and nonhost plants (Light et al., 1988). Green leaf volatiles which are released
after mechanical and herbivore damage were perceived by many hymenopteran parasitoids
(Whitman & Eller, 1990). However, their presence does not always elicit antennal response,
but this may depend on the total composition of the volatile blends.
This study provides first informations on the impact of volatile cues emitted from the hostplant complex in host location of T. obscurator. The GC/MS-EAG analyses elucidated the
identity of the volatiles released fro uninfested plants and plants infested by larvae of C.
pallidactylus which are perceived by female T. obscurator. Further studies are needed to
identify which compound or/and which mixture of volatiles are important in host location.
This knowledge has important implications for integrated management of pests on oilseed
rape, particularly those aiming to incorporate conservation biological control by parasitoids.
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Effect of insecticide residuals on host finding cues of Tersilochus obscurator,
the key parasitoid of cabbage stem weevil
Abstract
The cabbage stem weevil, Ceutorhynchus pallidactylus, is an economically important pest on
crops of oilseed rape. Insecticides applied for control of pests might have negative effects on
the key larval parasitoid, Tersilochus obscurator. In this study, the effect of the pyrethroid
lambda-cyhalothrin and the neonicotinoid thiacloprid, both applied at full recommended field
dose rates and reduced dose rates (50%), on parasitoid behaviour was investigated. In dual
choice experiments the first choice, residence time and oviposition activity of female
T. obscurator were measured on untreated and insecticide treated leaves of oilseed rape. In
olfactometer tests the response of T. obscurator to volatiles released from insecticide treated
and untreated leaves were investigated. The volatile blends emitted from insecticide treated
and untreated infested plants and the antennal response of T. obscurator to these volatiles
were studied by using coupled GC/MS-EAG analyses.
Females of T. obscurator responded differently to residuals of the tested insecticides. They
spent significantly less time foraging on leaves treated with fresh dried residuals of full and
reduced dose rates of thiacloprid than on untreated leaves, but did not avoid residuals of
lambda-cyhalothrin. The volatiles emitted from leaves with fresh dried residuals of thiacloprid
were avoided by female parasitoids in olfactometer tests. As the insecticide compound per se
caused no direct repellency to the parasitoids, an interaction between the plant and the
insecticide thiacloprid might have influenced the qualitative and quantitative composition of
the volatile blend released by the infested plants. Both insecticides reduced the number of
females probing with their ovipositor in the insecticide treated leaves. Insecticides may have
impaired host finding of T. obscurator by repellent effects, by interference with volatile
emission from the plant or by masking of the attractive plant odours.

Introduction
The cabbage stem weevil, C. pallidactylus (Mrsh) (Col.: Curculionidae) is a major pests in
winter oilseed rape, Brassica napus L. var. oleifera Metzg. in Central and Northern Europe
(Alford et al., 2003; Dechert & Ulber, 2004). Adult weevils colonize the crop in early spring.
Females lay their eggs in small batches into leaf petioles. The larvae feed for 3-5 weeks, first
in petioles and later in stems. Mature larvae migrate to soil for pupation (Alford et al., 2003;
Dechert & Ulber, 2004). The key larval endoparasitoid of cabbage stem weevil, Tersilochus
obscurator Aubert (Hym.: Ichneumonidae), has been found in all European countries where
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the pest occurs (Ulber, 2003, Williams et al., 2005). Females lay their eggs singly into the
host larvae while these are feeding within the pith of petioles. The koinobiont parasitoid
remains in its first larval instar until the mature host larva has left the plant to pupate in soil;
then it develops rapidly and kills the host prepupa. Adults overwinter in the soil of fields
where oilseed rape has been grown the previous year and emerge in spring (Ulber, 2003).
Current pest control practices are based on broad spectrum chemical insecticides which also
have neurotoxic side-effects to beneficial insects. Two or three insecticide treatments are
commonly applied for control of major pests attacking oilseed rape, namely the rape stem
weevil and cabbage stem weevil at stem elongation, the pollen beetle in bud stage and the
cabbage seed weevil and brassica pod midge at flowering (Alford et al., 2003; MenzlerHokkanen et al., 2006; Bürger & Gerowitt, 2009). The main period of activity of tersilochine
parasitoids (except Tersilochus microgaster) in the crop occurs in the late bud stage up to the
end of flowering of oilseed rape (Johnen et al., 2006; Ulber et al., 2006). Adult parasitoids
might be affected by insecticides in different ways: they can be exposed directly to insecticide
sprays (Jepson, 1989) or to the residuals on the plant foliage when foraging for hosts (Brown,
1989; Longley & Jepson, 1996) or when feeding on contaminated water droplets and nectar
(Langley & Stark, 1996). Parasitoids may be affected by insecticides through direct mortality
or sublethal effects on their physiology and behaviour. Insecticide residuals may cause
repellency to parasitoids (Jiu & Waage, 1990; Longley & Jepson, 1996; Tran et al., 2004) or
indirectly interfere with host location by masking plant volatiles and/or changing the
production and emission of plant volatiles, which could prevent the parasitoid from
recognising the host plant and the host (Thiery & Visser, 1986; Nottingham et al., 1991).
Plant odours are often considered to provide the most important cues for the presence of
endophagous host larvae (Vet & Dicke 1992; Potting et al. 1995; Dicke 1999; Jönsson &
Anderson, 2008).
This study has focused on the behavioural effects of the pyrethroid lambda-cyhalothrin and
the neonicotinoid thiacloprid on female T. obscurator. The impact of chemical cues derived
from sprayed and unsprayed oilseed rape leaves on first choice, residence time and
oviposition behaviour of female wasps was investigated in dual-choice tests. The response of
T. obscurator to volatiles released from insecticide-treated plants was studied in Yolfactometer assays and in gas-chromatography-electroantennodetection (GC/MS-EAG)
analyses.
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Material and Methods
Laboratory experiments
Test insects
To obtain a large number of T. obscurator females of standardized age and similar
physiological condition for the bioassays, larvae of C. pallidactylus were collected from the
main stems of unsprayed oilseed rape fields. Pest larvae and parasitoids were reared to the
adult stage in the laboratory as described by Neumann & Ulber (pers. comm.).

Plants infested by C. pallidactylus
Oilseed rape plants (Brassica napus, cultivar Westar and Mozart) were grown under
greenhouse conditions. To obtain plants with standardized levels of infestation by C.
pallidactylus two oilseed rape plants (6-true-leaf stage) were exposed to three females and one
male within an insect cage (BugDorm-2, Mega View Science and Education Services Co.,
Taichung, TW) measuring 60cm x 60cm x 60cm. Following an oviposition time of 24h,
plants were removed and transferred to a climate chamber (20 °C, 16 L : 8 D, 4.000lux).
Commercial formulations of two insecticides, thiacloprid (Biscaya, 240 g a.i./l) and lambdacyhalothrin (Karate Zeon, 100 g a.i./l), were diluted with distilled water and 0.3% detergent
(Tween 20). The concentration of the insecticides was calculated based on recommended field
label rates. The insecticides were sprayed on the lower and upper side of infested oilseed rape
leaves by using a hand sprayer. Control plants were sprayed with distilled water. When spray
residuals had completely dried, the control and treated plants were used for the experiments.
Plants carrying dried residuals of various age (1h, 3 days and 6 days) were used for the
bioassays. Treated plants were stored in a climate chamber (14°C, 18 L: 6 D).
Dual-choice test
Observation experiments were designed to examine the response of T. obscurator females to
insecticide treated and untreated leaves of oilseed rape plants which had been infested with
larvae of C. pallidactylus as describes above. The first choice, residence time and ovipositor
probes of female T. obscurator on treated and untreated oilseed rape leaves were recorded
during 5 min observation time. An insecticide treated and an untreated leaf were exposed
10cm apart in a perspex cage (30 cm x 20 cm), with two walls covered by gauze for air
exchange. The base of the petioles was sealed with wet cotton wool. The experiments were
performed in a room without daylight. As the parasitoids are highly attracted to the light, the
light source was set up below the experimental cage. Five to eight days old laboratory-reared
females of T. obscurator were released individually in the centre of the experimental cage.
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Differences between the residence time on each leaf were analyzed by paired t-test (p < 0.05)
and differences between the numbers of probing females by χ2-test (p < 0.05).

Y- Olfactometer test
The response of female T. obscurator to volatiles emitted from insecticide-treated and
untreated plants, both infested by larvae of C. pallidactylus, was investigated in a Yolfactometer bioassay. The Y-olfactometer allowed the insects to choose between two air
streams carrying odours of different sources. The olfactometer consisted of a Y-shaped
perspex tube, with arms of 120 mm length and 27 mm inner diameter connected at a 40° angle
to the central tube. As T. obscurator is strongly attracted by the light, the light source was
positioned at the back of the two arms of the olfactometer, thereby stimulating insect
movement to this direction. Air was pumped (70 cm³/ sec) into a gas-wash bottle filled with
active charcoal and thereafter divided into two lines of Teflon tubing. The air flow was
adjusted via two flow meters. The air was piped into bottles with distilled water. The tubes
were connected to two bottles containing the odour sources. The position of the odour source
was changed between sessions. Groups of five female T. obscurator were released into the
central perspex tube of 15 cm length and allowed to move to one of odours in the two arms.
Females that did not make a choice within 10 minutes were not included in the analyses. The
first choice for one of the two odour sources was recorded when females moved into the
respective arm of the olfactometer. To avoid any asymmetrical bias in the setup, the odour
sources were changed after testing 10 parasitoids. For each combination, 30 naive females
were tested. Significant differences between the choices of females were analysed by χ2 -Test
(p < 0.05).

Collection of plant volatiles
Potted oilseed rape plants (cultivar Westar), eigher infested by larvae of C. pallidactylus as
described above or uninfested, were used for collection of volatiles emitted from insecticide
treated and untreated plants. A total of 68 infested untreated plants, 19 infested plants treated
with lambda-cyhalothrin and 18 infested plants treated with thiacloprid were tested. Plants
infested by C. pallidactylus larvae were enclosed within an ethylen-tetraflorethylen (ETFE)
bag (70 cm x 40 cm x 40 cm) in the greenhouse under daylight conditions, from 10 am to1
pm. The bags were mounted on a laboratory pedesta. The opening of the bag was closed
around the stem base by mounting its opposite edges between aluminium splints and fixing
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with clips. Volatile trapping was started after 1 h to ensure air homogeneity within the bags.
Volatiles were collected for 2 hours. An ETFE stopper containing two openings (0.67 mm
diameter) was inserted into the bags. Air containing volatiles was sucked off from the interior
air volume of the bag through one of the openings by using a miniature vacuum pump
(DC12/16 NK Fa. Fürgut, Germany). A volatile trapping device (Prec. Charcoal filter (1.5
mg), Fa. Brechbuehler AG, Switzerland) was mounted between the bag and the pump at the
inlet part of the pump. The outlet of the pump was connected with the bag by tubing to
maintain a constant air circulation. The circulation of the pump was kept at a constant air flow
by adjusting it to a power supply (PS-302 A, Fa. Conrad Electronic, Germany) at 9 volt. Plant
volatiles were eluted from the absorbent characoal filter by using 75 µl dichlormethan and
methanol (2:1; v/v).

GC-MS/EAG analyses
Samples were analyzed by coupled GC-MS/EAD,using a 6890N gas chromatograph (Agilent,
Palo Alto, CA, USA) and a 5973N mass spectrometer (Agilent) (Weissbecker et al., 2004).
The GC was equipped with a split/splitless (S/SL) injector and an HP-5MS column (Agilent;
30 m, 0.25 mm I.D, film thickness 0.25 µm). A GRAPHPACK 3D/2 flow splitter (Gerstel,
Mülheim, Germany) was used to split the effluent from the column into two capillaries
leading to the MS (1 m long, 0.1 mm ID) and to the EAD (1 m long, 0.15 mm ID). The
restriction capillaries resulted in an equal split of the gas flow into the two setups. A modified
“olfactory detector port” (ODP-2; Gerstel; (Weissbecker et al., 2004)) guided the capillary out
of the GC oven within a flexible heating sleeve. Volatiles were eluted from the column into a
flow of helium make-up gas, and then mixed with humidified air (23°C, 80% RH). The
airflow (flow rate, 400 ml/min) was directed through the flow tube (15 cm long, 6 mm ID,
PTFE) to the insect antenna preparation that was housed in a PTFE detector cell. Excised
antennae of T. obscurator were placed into an antenna holder milled from a perspex disc
(Färbert et al., 1997). Within the holder, the ends of the antenna contacted an electrolyte
solution that provided electrical contact to a pair of Ag/AgCl electrodes. EAD potentials were
amplified by a factor of 100 with a high-impedance amplifier (input impedance 100 MΩ;
Prof. Koch, Kaiserslautern, Germany) containing a built-in low-pass filter set to a cutoff
frequency of 1 Hz to suppress the ubiquitous electrical supply frequency of 50 Hz. An
additional high pass filter set at a cutoff frequency of 0.01 Hz was used to suppress drift of the
EAD signal. The amplified and filtered signal was digitized by using a 35900E A/D converter
(Agilent) and recorded by the GC ChemStation software (Agilent).
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Analytical Conditions
One-µl aliquots of the samples were injected into the S/SL injector (temperature, 250°C). The
GC oven was programmed from 50°C for 1.5 min, then 6°C/min to 200°C; hold for 5 min.
Helium was used as carrier gas (1 ml/min, 24 cm/sec). The GC-MS interface was held at
280°C. The heating sleeve of the ODP was set to 230°C. The MS used electron impact
ionization (EI) at 70 eV, in scan mode (35–300 mass units, 2.78 scans/sec). For preliminary
peak identification, the NIST mass spectral library (National Institute of Standards and
Technology, Gaithersburg, MD USA) was used. Subsequently, the retention time of
compounds were compared with those of synthetic standards and the Retention Time Internal
Database.
Results
Response of female T. obscurator to insecticide residues in dual-choice tests
The residence time of female T. obscurator on untreated leaves and leaves treated with the
full recommended field dose rate of lambda-cyhalothrin was not significantly different. The
age of the insecticide residuals had no significant effect on the time spent on the leaf (Fig 1).
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Fig 1: Residence time (sec + SE) of female T. obscurator on leaves infested by larvae of C.
pallidactylus, treated with full dose rate of lambda-cyhalothrin and untreated leaves. Leaves
with different residual age and untreated leaves were compared in dual choice test. Paired ttest, p > 0.05, n = 32.
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Significantly more parasitoids conducted ovipositor probes into untreated leaves than into
leaves with 3 days old residuals of 100% lambda-cyhalothrin. Fresh dried residuals and six
days old residuals had no significant effect on the percentage of females penetrating the
infested leaves (Fig 2).
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Fig 2: Percentage of female T. obscurator probing with their ovipositor into leaves infested by
larvae of C. pallidactylus. Parasitoids had a choice between untreated leaves and leaves with
residuals of various age of the full dose rate of lambda-cyhalothrin, χ2-Test, p< 0,0013, n =
32.

The age of residuals had no significant effect on residence time of female T. obscurator on
untreated leaves and leaves treated with 50% reduced dose rate of lambda-cyhalothrin (Fig 3).
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Fig 3: Residence time (sec + SE) of female T. obscurator on leaves infested by larvae of C.
pallidactylus following treatment with reduced dose rate (50%) of lambda-cyhalothrin.
Leaves with different residual age and untreated leaves were compared in dual-choice tests.
Paired t-test, p > 0.05, n = 30.
There was no significant difference between the percentage of females penetrating into
untreated leaves and leaves with residuals of various age of 50% reduced field dose rate of
lambda-cyhalothrin (Fig 4).
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Fig 4: Percentage of female T. obscurator probing with their ovipositor into leaves infested by
larvae of C. pallidactylus. Parasitoids had a choice between untreated leaves and leaves with
residuals of various age of reduced rates (50%) of lambda-cyhalothrin, χ2-Test, p< 0,0013, n
= 30.
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Females of T. obscurator spent significantly more time on untreated leaves than on leaves
with fresh dried residues of the 100% dose rate of thiacloprid. Three and six days old residues
of thiacloprid had no significant influence on the residence time on treated and untreated
leaves (Fig 5).
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Fig 5: Residence time (sec + SE) of female T. obscurator on leaves infested by larvae of C.
pallidactylus, following treatment with the full dose rates of thiacloprid. Leaves with different
residual age and untreated leaves were compared in dual-choice tests. Paired t-test, p =
0,0036, n = 34

Significantly more ovipositor probes were conducted by females into untreated leaves than
into leaves carrying fresh dried residues of 100% thiacloprid. Three and six days old residues
of thiacloprid had no significant influence on ovipositor probings (Fig 6).
Fresh dried residues of 50% thiacloprid reduced the residence time of parasitoids significantly
(Fig 7). Three and six days old residues had no effect on residence time on treated or
untreated leaves.
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Fig 6: Percentage of female T. obscurator probing with their ovipositor into leaves infested by
larvae of C. pallidactylus. Parasitoids had a choice between untreated leaves and leaves with
residuals of various age of full dose rates of thiacloprid, χ2-Test, p< 0,001, n = 34.
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Fig 7: Residence time (sec + SE) of female T. obscurator on leaves infested by larvae of C.
pallidactylus, following treatment with reduced dose rate (50%) of thiacloprid. Leaves with
different residual age and untreated leaves were compared in dual-choice tests. Paired t-test, p
< 0.05, n = 28
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Fresh dried residues of 50% thiacloprid significantly reduced the percentage of females
penetrating in treated leaves, while three and six days old residues had no significant effect
(Fig 8).
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Fig 8: Percentage of female T. obscurator probing with their ovipositor into leaves infested by
larvae of C. pallidactylus. Parasitoids had a choice between untreated leaves and leaves with
residuals of various age of reduced rates (50%) of thiacloprid, χ2-Test, p< 0,05, n = 28.

Response of female T. obscurator to the volatile blend emitted from insecticide treated and
untreated plants
In the Y- olfactometer tests, the response of female T. obscurator did not differ between the
odour of untreated leaves and leaves carrying residuals of various age of the full
recommended field dose rate of lambda-cyhalothrin (Fig 9). When exposed on filter paper,
lambda-cyhalothrin had no effect on the choice of T. obscurator.
Females of T. obscurator significantly prefered the odour emitted from infested leaves
without insecticide residuals to infested leaves with fresh dried residuals of 100% thiacloprid
(Fig 10). Three and six days old residuals of thiacloprid had no effect on T. obscurator.
Thiacloprid exposed on filter paper had no effect on choice of the parasitoids.
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Fig 9: Response of female T. obscurator to the odour of untreated leaves and leaves carrying
residues of 100% of lambda-cyhalothrin in Y-olfactometer tests. All leaves were infested by
C. pallidactylus larvae, χ2 –test, p < 0,05.
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Fig 10: Response of female T. obscurator to the odour of untreated leaves and leaves carrying
residues of 100% of thiacloprid in Y-olfactometer tests. All leaves were infested by C.
pallidactylus larvae, χ2 –test, p = 0,008291.
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Volatile compounds emitted from infested insecticide-treated and untreated plants
The volatile blends collected from plants treated with lambda-cyhalothrin or thiacloprid did
not contain Terpinen-4-ol and Unidentified I (Fig 11). Plants treated with lambda-cyhalothrin
did not emit 2-Octanol and Octanal, and plants treated with thiacloprid did not release
Napthalene. The most common volatiles released from untreated plants were 1-Hexanol, 2ethyl, Undecane and 3-Hexanol acetat. Plants treated with thiacloprid commonly emitted 1Hexanol, 2-ethyl, Unidentified I, 3-Hexen-1-ol acetate, and plants treated with lambdacyhalothrin 1-Hexanol, 2-ethyl, 3-Hexen-1-ol acetate and Decanal. Generally, the proportion
of infested insecticide-treated and untreated,oilseed rape plants that emitted the individual
volatiles varied between replicates within each treatment.
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Fig 11: Relative frequency (%) of individual compounds in the volatile blends emitted from
B. napus plants infested by C. pallidactylus, following treatment with thiacloprid, lambdacyhalothrin or untreated, in GC/MS analyses.

Insecticide treatments induced significant qualitative and quantitative differences between the
volatile blends emitted from insecticide-treated and untreated plants (Fig 12). Plants treated
with either insecticide did not emit Terpinen-4-ol and Unidentified I. Plants treated with
54

Chapter III
thiacloprid did not release Napthalene and plants treated with lambda-cyhalothrin did not
release 2-Octanol and Octanal. Infested plants treated with thiacloprid emitted higher amounts
of 2-Octanol, 3-Hexen-1-ol, acetate, Benzaldehyd, Nonanal and α- farnesene. Treatments with
lambda-cyhalothrin resulted in higher amounts of 3-Hexen-1-ol (Fig 12), compared to
untreated plants. Reduced amounts of 1-Hexanol, 2-ethyl, Undecane and Napthalene were
observed from plants treated with lambda-cyhalothrin compared to untreated plants.
Thiacloprid reduced the amount of Octanal (Fig 12).
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Fig 12: Quantitative analyses of oilseed rape plants infested with larvae of C. pallidactylus in
GC/MS. Plants were treated with lambda-cyhalothrin or thiacloprid and untreated plants were
compared. Xm + SE, Eucalyptol: peak area 7655387 is equivalent to 92.5 ng Eucalyptol,
Decanal: peak area of 932745 is equivalent to 82.8 ng Decanal; Mann-Whitney-U-Test p <
0.05.
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The relative amounts of individual volatiles that were emitted from infested, untreated oilseed
rape plants and plants treated with either insecticide differed significantly (Fig 13). The total
amount of emitted volatiles increased by about 13.1% after treatment with thiacloprid and
decreased by about 3.3% after application of lambda-cyhalothrin, compared to the volatile
blend of untreated plants.
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Fig 13: Relative proportion (%) of plant volatiles (Brassica napus, cultivar Westar) emitted
by plants infested with larvae of C. pallidactylus in GC/MS. Plants were treated with lambdacyhalothrin or thiacloprid and untreated plants were compared.

The GC-EAG analyses demonstrated that female T. obscurator responded to a higher number
of volatiles from samples collected from untreated oilseed rape plants than from samples
collected from plants treated with thiacloprid or lambda-cyhalothrin (Tab 3). Females
responded to twelve and five of 18 compounds detected in untreated oilseed rape plants and
insecticides treated plants, respectively.
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Tab 3: EAG-response and response intensity of female T. obscurator to volatiles of oilseed
rape plants (OSR) (cultivar Westar) infested by larvae of T. obscurator, untreated or treated
with full dose rated of Biscaya (thiacloprid) or Karate Zeon (lambda-cyhalothrin)
EAG-response of T.
EAG-response of T.
EAG-response of T.
obscurator to
obscurator on volatile obscurator on volatile
volatiles of infested,
of infested with
of infested with
untreated OSR
thiacloprid treated
lambda-cyhalothrin
OSR
treated OSR
1-Hexanol, 2 ethyl
*
*
*
3-Hexen-1-ol
2-Octanol

*

3-Hexen-1-ol, acetat
Unidentified I

**

Benzaldehyd

*

*

Octanal

*

*

Nonanal

***

*

Decanal

*

Undecane

**

α-Farnesene

***

*
*

Limonene
Eucalyptol

*

Terpinen-4-ol

*

*

Naphtalene
Acetophenone

*

*

• = 0-100 mV, ** = 100 –200 mV, ***= 200 – 300 mV, **** = 300 – 400 mV,
***** = 400 – 500 mV

Discussion
In addition to lethal effects on natural enemies, insecticides also might affect host location via
repellent activity or indirectly through masking of attractive plant volatiles and/or changing
the production and emission of these volatiles. The comparison of the effects of volatile and
contact chemical cues derived from treated and untreated leaves in dual-choice test showed
significant differences between the distributions of parasitoids on plants treated with lambdacyhalothrin or thiacloprid and untreated plants. Females of T. obscurator did not discriminate
significantly between plants treated with lambda-cyhalothrin and untreated plants, but
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significantly avoided leaves with fresh dried residuals of reduced and full dose rates of
thiacloprid. Three and six days old residuals of thiacloprid did not cause avoidance by female
T. obscurator, which may be due to the quick absorption of the systemic insecticide from the
plant surface into the tissue

(Williams & Price, 2004; Tomizawa & Casida, 2005).

Thiacloprid has been reported to have no persistent effect on the egg parasitoid
Trichogramma cacoeciae and the larval parasitoid Encarsia formosa (Schuld & Schmuck,
2000; Richter, 2006;).
Various studies have demonstrated significant differences in the behaviour and distribution of
parasitoids between plants treated with different insecticides, indicating that the insecticides
were not equally avoided (Akol et al., 2003). Borgemeister et al. (1993) did not detect
avoidance of pirimicarb by the aphid parasitoid Aphidius rhopalosiphi, but he noted repellent
effects of the pyrethroid fenvalerate and the organophosphate demeton-s-methyl on foraging
of A. rhopalosiphi on aphid-free cereal plants. The aphid parasitoid A. ervi showed disrupted
olfactory orientation towards host-infested plants with residuals of lambda-cyhalothrin, but
not with residuals of deltamethrin (Desneux et al., 2006). Exposure of A. rhopalosiphi to
deltamethrin residuals resulted in shorter visit times, grooming more actively and resting less
frequently than on insecticide-free plants (Longley & Jepson, 1996). Females of Diaretiella
rapae spent significantly less time foraging on plants sprayed with pirimicarb than on
untreated plants, regardless of the presence of aphid hosts (Umoru et al., 1996). Search time
allocation is an important component for parasitism efficiency. The modification of this
behaviour can interfere with the reproductive capacity of parasitoids (Komeza et al., 2001).
The shorter time spent foraging on the plant would reduce the probability of successful
oviposition encounters with hosts after an insecticide application. In this study, the percentage
of females conducting ovipositor probes in leaves treated with the full dose rate of lambdacyhalothrin and with full and reduced dose rates of thiacloprid decreased significantly
compared to untreated leaves, which may reduce the level of parasitism. In field experiments,
parasitism of C. pallidactlus and M. aeneus larvae was reduced following application of taufluvalinate and lambda-cyhalothrin (Klukowski et al. 2006). Reduced ovipositor insertions on
neonicotinoid (imidacloprid) treated leaves was also observed with the parasitoid
Neochrysocharis formosa (Tran et al., 2004).
The avoidance behaviour observed in the bioassays may resulted from two possible
mechanisms: (1) masking of attractive host plant odours by insecticides and/or interference
with the production and emission of plant volatiles, which could prevent the parasitoid from
recognising the host plant and the host (Thiery & Visser 1986; Nottingham et al. 1991). (2)
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The insecticide odour could have a direct repellent effect on parasitoids (Jiu & Waage, 1990,
Longley & Jepson 1996; Tran et al. 2004). When applied on filter paper, the odour of both
insecticides was not avoided by the parasitoids. This suggests that an indirect effect of the
insecticide via production and emission or masking of plant volatiles is more likely to affect
the attraction to infested plants. The results of our olfactometer experiments are compatible
with the results of the dual choice tests. Female T. obscurator avoided the odour of infested
leaves treated with thiacloprid, while the odour of leaves treated with lambda-cyhalothrin did
not cause avoidance. Similar repellent effects on foraging females of D. rapae have also been
found with the pyrethroid permethrin and the organophosphorus malathion (Jiu & Waage,
1990). Different responses of parasitoids to volatiles emitted by sprayed plants may be due to
the mode of action of the insecticides or to a lack of tolerance. The parasitoid A. ervi did not
show behavioural responses to lambda-cyhalothrin, chlorpyrifos and pirimicarb, but when
exposed to triazamate showed a reduction of the time spent in the odour flow, which may due
to a lack of tolerance to triazamate (Desneux et al., 2004). Avoidance of treated plants
through repellency or altered behaviour may reduce the toxicological risks for the insect in the
field (Longley & Jepson, 1996). Preliminary studies on the side-effects of insecticides on
hymenopteran parasitoids in the field showed lower toxicity of insecticides to the parasitoid
species T. obscurator and T. fulvipes attacking stem weevil larvae. This was related to the
vertical distribution of the parasitoids within the crop which provided a behavioural refuge
from insecticidal sprays and residuals (Neumann & Ulber, pers. comm.). In addition, the
parasitoids responded to insecticide application by changing their dispersal behaviour.
Emigration flights of T. obscurator and T. fulvipes from the insecticide treated field were
more frequent than immigration flights, whereas in the untreated field immigration flights
prevailed over the whole observation period (Neumann & Ulber, pers. comm.). The toxicity
of insecticides tested in field experiments was low, but the level of parasitism was reduced in
insecticide-treated plants compared to untreated plants (Neumann & Ulber, pers. comm.). The
current study demonstrated a reduction of ovipositor probing by female T. obscurator on
insecticide-treated leaves, which might be due to repellency and/or interruption of host
location by the tested insecticides.
For host location, parasitoids use herbivore-induced plant volatiles because cues derived
directly from the host are difficult to detect (Turlings et al., 1991; Geervliet et al., 1994;
Vinson, 1998). The herbivore-induced changes of the volatile blend may be quantitative, i.e.
individual volatiles that are also present in uninfested plants are emitted from infested plants
in larger total amounts, their relative proportion changes, or both (Agelopoulos & Keller,
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1994; Blaakmeer et al., 1994; Geervliet et al., 1997; Mattiacci et al., 2001; Mumm et al.,
2003). The quantitative differences between volatiles released from Brussels sprouts plants
following infestation by P. rapae caterpillars and artificially damaged may have caused the
preference of C. rubecula for infested leaves (Geervliet et al., 1994). Females of Cotesia
plutellae prefered infested cabbage plants which had been treated with syringa extract of
Melia azedarach tree to untreated infested plants, which may be due to larger quantities of
volatile compounds emitted by cabbage plants treated with syringa extract (Charleston et al.,
2006). In the current study, among the 16 compounds identified, five compounds were
emitted in larger amounts from thiacloprid-treated plants and two compounds from lambdacyhalothrin-treated plants; however, these differences were not statistically significant.
Moreover, the amount of some compounds was reduced in insecticide-treated plants
compared to untreated plants. The relative proportion, i.e. the amount of individual
compounds within the total volatile blend, has potential to elicit specific behavioural
responses of parasitoids (Roseland et al., 1992). Vet et al. (1998) demonstrated that
qualitative differences between odour sources are more important than quantitative.
Herbivory can induce de novo production of volatiles in plants, resulting in qualitative
changes of the composition of the emitted volatile blend (Turlings et al., 1990; Dicke et al.,
1990a; Dicke et al., 1990b; Paré & Tumlinson, 1997). Quantitative and qualitative differences
of the volatile blend might serve as indicators for host presence and might be used by
parasitoids for host location (Roseland et al., 1992; Geervliet et al., 1994; Vet et al. 1998). In
this study, the chemical analyses of the headspace composition of insecticide-treated and
untreated plants showed qualitative and quantitative differences, which may have influenced
host location.
Insecticide-treated plants did not emit Terpinen-4-ol and Unidentified I; both elicited EAGresponses to the untreated plants. Further, plants treated with lambda-cyhalothrin did not emit
2- Octanol and Octanal which were also perceived by parasitoid antennae in the EAG. In field
experiments, yellow water traps baited with Terpinen-4-ol were more attractive to female T.
obscurator than unbaited traps (Neumann & Ulber, pers. comm.). Terpinen-4-ol is commonly
released from the flowering parts of oilseed rape and other plants (Knudsen et al., 2006).
Therefore it can be an important cue for location of flowers by T. obscurator. Further, among
herbivore-induced synomones the terpenoids represent a major class that are known to attract
various carnivores (Takabayashi et al., 1994; Pichersky & Gershenzon, 2002).
In the past, no references were available indicating an influence of insecticides on the
production and emission of plant volatiles. However, insecticide effects on plant physiology,
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e.g. greening effects by pyrethroids as well as effects on the hormonal regulation and
assimilation of carbon and nitrogen by the fungicide strobilurin, have been demonstrated
(Venancio et al., 2003).
The current study demonstrated that, in addition to toxic effects of insecticides on natural
enemies, repellency and interference with host location by parasitoids can reduce the
parasitism efficiency. Therefore, in the pesticide registration process more emphasis should
be given, in addition to toxicological analyses of pesticides on natural enemies, to the
evaluation of repellent and other behavioural effects on parasitoids.
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Effect of insecticides on parasitism of stem mining pests and migration of
tersilochine parasitoids on winter oilseed rape (Brassica napus L.)
Abstract
Rape stem weevil, Ceutorhynchus napi and cabbage stem weevil, C. pallidactylus are major
pests of winter oilseed rape (Brassica napus L.) in Europe. Control practices are mainly based
on broad spectrum insecticides that are often applied routinely and without regard to pest
control thresholds. Their extensive usage might have a strong negative impact on natural
enemies. The stem-mining larvae of C. napi and C. pallidactylus are parasitized by the
specialist larval endoparasitoids, Tersilochus fulvipes and T. obscurator, respectively.
In 2007 and 2008, we evaluated two insecticides, the systemic neonicotinoid thiacloprid and
the contact pyrethroid lambda-cyhalothrin for their effects on parasitism and migration
behaviour of T. fulvipes and T. obscurator. In randomized field plot experiments, the
insecticides were applied either at full recommended field dose rates or at 50% reduced rates,
both before and after the main immigration period of tersilochine parasitoids into the crop of
oilseed rape. Migration flight directions of tersilochine parasitoids to and from crops of
oilseed rape were determined by using double-sided malaise-traps, placed at the edges of
insecticide treated and untreated crops.
The level of parasitism of C. napi and C. pallidactylus by T. fulvipes and T. obscurator,
respectively, ranged between 7.7 – 16.3% and 0 – 28.1%, respectively. Parasitism was not
significantly affected by any of the tested insecticide treatments. Measures to protect
parasitoids, such as the application of systemic insecticide, reduction of field dose rate and
early spraying before immigration of tersilochine parasitoids did not increase parasitism,
compared to spraying full doses at main period of parasitoids activity. Parasitoids responded
to insecticide application by increased emigration from the treated field and rapid reinvasion
as compared to untreated fields. Further, due to their vertical distribution at the bottom of the
crop, they may be protected from insecticide sprays.
This knowledge may help to conserve parasitoids and may improve the integration of
chemical and biological control in IPM strategies for controlling pests on oilseed rape.
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Introduction
The rape stem weevil, C. napi Gyll. and the cabbage stem weevil, C. pallidactylus (Mrsh)
(Col.: Curculionidae) are major pests of winter oilseed rape, Brassica napus L. var. oleifera
Metzg. in Central and Northern Europe (Alford et al., 2003). Females lay their eggs into
stems and into petioles and midribs of leaves, respectively (Alford et al., 2003; Dechert &
Ulber, 2004). The larvae of both species mine within the pith of host plants. Mature larvae
migrate to soil for pupation. The stem-mining larvae of C. napi and C. pallidactylus are
commonly attacked by the specialist, univoltine, koinobiont parasitoids Tersilochus
obscurator Aub. and T. fulvipes Grav. (Hym.: Ichneumonidae), respectively (Ulber, 2003).
Female parasitoids lay their eggs through the tissue of stems and petioles singly into the host
larvae. When the full-grown host larva has left the plant to pupate in soil, the parasitoid larva
develops rapidly and kills the host prepupae. The adult parasitoid diapauses in its pupal
cocoon until it emerges in the following spring to migrate to the new oilseed rape crops
(Ulber, 2003). In the literature, levels of parasitism of C. napi and C. pallidactylus have been
reported to range between 0% – 98% and 6% - 54%, respectively (Jourdheuil, 1960; Sedivy,
1983; Ulber, 2003).
Current control practices of pests on oilseed rape are mainly based on broad spectrum
synthetic insecticides, which are often applied routinely and prophylactically without regard
to pest control thresholds, thereby reducing the economic profitability of the crop (Williams
2004). Three to four insecticide treatments are applied commonly to the crop in autumn,
spring and summer (Menzler-Hokkanen et al., 2006). Frequent pyrethroid applications have
recently caused widespread resistance of pollen beetles in many European countries (Hansen,
2003; Wegorek & Zamojska, 2006, Müller et al., 2008). Further, insecticides may harm
natural enemies of pests. The main period of activity of tersilochine parasitoids (except
Tersilochus microgaster) occurs in the late bud stage up to the end of flowering of oilseed
rape (Johnen et al., 2006; Ulber et al., 2006). Therefore, insecticides applied during this
period might have negative impact on natural control of pest populations by their parasitoids.
Adult parasitoids can be exposed to insecticide spray droplets (Croft & Brown, 1975; Jepson,
1989) or to insecticide residuals when foraging on the plant surface (Longley & Jepson,
1996a) or through contact and feeding on contaminated water droplets and nectar (Longley &
Jepson, 1996b). The effect of insecticides on parasitoid populations may be affected by the
mode of action, dosage, persistency and temporal and spatial application (Alford et al., 1992;
Jepson, 1989; Poehling, 1989).
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Harmful effects of insecticides on natural enemies, including parasitoids, might be avoided by
applying more selective insecticides (Iwata et al., 1985; Brunner et al., 2001). In particular,
systemic insecticides, e.g. neonicotinoids and their metabolites, are quickly absorbed by the
plant tissue and therefore claimed to be fairly safe for beneficial insects foraging on the plant
surface (Stapel et al, 2000).
Further, application of insecticides at reduced dose rates and before the main activity period
of natural enemies might help to conserve parasitoids on the crop (Poehling, 1989; Longley et
al., 1997; Booth et al., 2007).
Previous studies on the effect of insecticides on parasitoids of pests on oilseed rape have
shown that the number of adult parasitoids may be reduced by application of the pyrethroids
tau-fluvalinate and lambda-cyhalothrin (Klukowski, 2006), by organochlorine insecticides
(Winfield, 1963) and by the organophosphate fenitrothion (Hokkanen, et al., 1988), compared
to untreated plots. Parasitism of Ceutorhynchus assimilis by Trichomalus perfectus was
affected by triazophos, while alpha-cypermethrin was less harmful (Alford et al., 1992;
Murchie et al., 1997).
The aim of this study was to evaluate in field experiments the effect of two insecticides, the
systemic neonicotinoid thiacloprid and the contact pyrethroid lambda-cyhalothrin on
parasitism and migration behaviour of T. fulvipes and T. obscurator. The insecticides were
applied either at the full recommended field dose rate or at 50% reduced rate, both before and
after main immigration of tersilochine parasitoids into the crop.

Material and Methods
Design of field experiments
Field plot experiments were conducted in the year 2007 and 2008 in crops of oilseed rape
close to Goettingen (Germany). In each year, the treatments were arranged in a randomized
block design with four replicated plots (15m * 16m) of each treatment. The pyrethoid lambdacyhalothrin (Karate Zeon, 100g a.i./l) and the neonicotinoid thiacloprid (Biscaya, 240g a.i./l)
were applied at 100% and 50% of the recommended field dose rate, respectively, with 240
l/ha of water. The first application was carried out before the main immigration of parasitoids
at early flowering (BBCH 61/62) and the second application at peak activity, during mid to
end of flowering (BBCH 65/69). Four plots were kept untreated as control. In total, nine
different treatments were compared in each experiment.
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Level of parasitism
The effect of insecticide application on the level of larval parasitism of C. napi and
C. pallidactylus was determined from samples of 20-25 plants collected at random from each
plot in May, before mature host larvae started to migrate to soil for pupation. In the
laboratory, stems and lateral recames were cut longitudinal to collect the larvae. The mean
number of larvae sampled for dissection ranged between 49 and 408 larvae/treatment (mean
114 larvae/ treatment). They were stored in 70% Ethanol and later dissected in a drop of water
under a stereo microscope. Larvae were cut off using a fine needle, and the body contents
were teased apart to detect parasitoid eggs or larvae.

Phenology of adult parasitoids
The phenology of parasitoids was monitored by using yellow water traps (33 x 26 x 6 cm)
that were filled with 1.5 litres of water and a few drops of detergent. Four traps were exposed
10 meter from each field edge and were emptied three times per week from March till June.
The vertical distribution of parasitoids within the crop canopy of an untreated oilseed rape
field was determined by using eight yellow water traps. For trapping parasitoid species
foraging on the level of buds and flowers, trap height was raised to the top of the canopy as
the crop grew. For parasitoids foraging on stems and leaves four traps were placed at ground
level. Traps were emptied weekly during the main period of parasitoid activity from 17 April
to 19 May 2009. All insects caught were stored in 70% Ethanol and later identified by using
keys of Horstmann (1971; 1981).

Directional migration of adult parasitoids
The flight direction of parasitoids to and away from an insecticide-treated and untreated field
was assessed following the second insecticide treatment. Four double-sided malaise traps
were established around an insecticide-treated and an untreated field of oilseed rape, one at
each side close to the field border. Traps were made up of fine black nylon net with sloping
roof, a central vertical partition, and open sides. They were arranged with their longitudinal
axes parallel to the circumference of the field. The lateral openings were on average 160 cm
long sloping from 75 to 85 cm high. A central longitudinal partition divided the trap into two
halves, each surmounted at its highest point by a collecting bottle. The parasitoids flew
through the opening into one half of the trap and moved up the central netting, where they
were trapped in one of the two collecting bottles. The distal half of each trap sampled the
insects flying towards the oilseed rape field, whereas the proximal half sampled parasitoids
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flying away from the field. Parasitoids were captured by malaise traps during their main
activity period and when insecticides were applied between 27 April and 19 May 2008. They
were collected daily between 08:00 and 10:00 a.m. from each trap. Parasitoid samples were
conserved in 70% Ethanol and later identified and counted. Identification followed keys of
Horstmann (1971, 1981).

Statistical analysis
All data were proofed for normal distribution by Kolmogorow-Smirnov test. When a normal
distribution existed the data were subjected to ANOVA; differences between means (p ≤ 0.05)
were evaluated by Tukey-HSD test. For estimating differences between the vertical
distribution of parasitoids, the paired t-test was applied. RM-ANOVA was used to evaluate
significant differences between the cumulative numbers of parasitoids in double-sided malaise
traps. Statistical analyses were performed by Statistica (Version 8).

Results
Phenology of adult stem weevils and their parasitoids
In 2007, the immigration of C. napi and C. pallidactylus started between 4 to 6 March. Peak
activity of adults was recorded on 14 March, with 346,5 and 178 weevils/trap, respectively.
First adults of T. obscurator and T. fulvipes were captured on 6 March and 12 March,
respectively, with peak activity occuring on 10 April (Fig 1).

In 2008, first adults of C. napi and C. pallidactylus were caught on 31 March and 29 April,
respectively. Peak activity of C. napi (38 weevils/trap) and C. pallidactylus (9 weevils/trap)
was found on 21 April and 29 April, respectively. First adults and peak activity of T.
obscurator and T. fulvipes were observed in yellow water traps on 23 April (Fig 2).
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Fig 1: Mean number of adult T. fulvipes and T. obscurator caught in yellow water traps on a
crop of oilseed rape in 2007, ↓ = date of insecticide application.
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Fig 2: Mean number of adult T. fulvipes and T. obscurator caught in yellow water traps on a
crop of oilseed rape in 2008, ↓ = date of insecticide application.
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Larval abundance and parasitism of C. napi by T. fulvipes
In 2007 and 2008, the insecticide treatments had no significant effect on the abundance of
C. napi larvae (Fig 3 and 4). Mean number of host larvae per plant amounted to 4.6 ± 0.7 and
0.84 ± 0.35, respectively. The level of parasitism was not significantly affected by any of the
tested insecticide treatments. The insecticide compound, the dose rate and the time of
application had no significant effect on the level of parasitism (Fig 3 and 4). The overall
percentage of larval parasitism of C. napi in 2007 and 2008 was 11.3 ± 1.85 % and 12.5 ± 4.9
%, respectively.
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Fig 3: Mean larval abundance (+ SE) of C. napi and mean level of parasitism (+ SE) in
oilseed rape plots following different insecticide treatments in 2007. Thiacloprid or lambdacyhalothrin was applied at full dose rate (100 %) or reduced dose rate (50 %) in early
flowering or late flowering. Means followed by the same upper/lower case letters are not
significantly different. Larvae/ plant: ANOVA; Tukey HSD; n = 36; F = 0.47; p > 0.05.
Percent parasitism: ANOVA; Tukey HSD; n = 36, F = 0.6; p >0.05 .
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Fig 4: Mean larval abundance (+ SE) of C. napi and mean level of parasitism (+ SE) in
oilseed rape plots following different insecticide treatments in 2008. Thiacloprid or lambdacyhalothrin was applied at full dose rate (100 %) or reduced dose rate (50 %) in early
flowering or late flowering. Means followed by the same upper/lower case letters are not
significantly different. Larvae/ plant: ANOVA; Tukey HSD; n = 36; F = 0.63; p > 0.05.
Percent parasitism: ANOVA; Tukey HSD; n = 36, F = 0.25; p >0.05 .

Larval abundance and parasitism of C. pallidactylus by T. obscurator
In 2007, the mean number of C. pallidactylus larvae/plant was significantly lower in plots
treated at early flowering with 100% of the recommended dose rate of thiacloprid (1.6 ± 0.55)
than in plots treated at flowering with 50% of the recommended dose rate of thiacloprid (6.8 ±
1.05). The mean number of larvae per plant was 4.8 ± 1.25 (Fig 5). The level of parasitism of
C. pallidactylus by T. obscurator was not significantly different between insecticide treated
and untreated plots, between plots treated with thiacloprid or lambda-cyhalothrin and between
the tested application rates (100 % vs. 50 % of recommended dose rate) or application dates
(bud stage vs. flowering) (Fig 5). In 2007, mean level of parasitism was 20.7% ± 3.6. In 2008,
the level of infestation by C. pallidactylus larvae was too low for obtaining reliable results on
effects of insecticide application on parasitism.
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Fig 5: Mean larval abundance (+ SE) of C. pallidactylus and mean level of parasitism (+ SE)
in oilseed rape plots following different insecticide treatments in 2007. Thiacloprid or
lambda-cyhalothrin was applied at full dose rate (100 %) or reduced dose rate (50 %) in early
flowering or late flowering. Means followed by the same upper/lower case letters are not
significantly different. Larvae/ plant: ANOVA; Tukey HSD; n = 36; F = 3.0; p > 0.05.
Percent parasitism: ANOVA; Tukey HSD; n = 36, F = 0.8; p >0.05 .

Vertical distribution of adult parasitoids within the crop canopy
Adult females of T. fulvipes and T. obscurator were more abundant in yellow water traps
placed at soil level than in traps placed on top of the crop canopy (Fig 6). There was no
significant difference between numbers of male T. fulvipes caught at different heights of the
crop canopy.
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Fig 6: Mean proportion of female and male T. fulvipes and T. obscurator caught in yellow
water traps at the top of the crop canopy and at ground level of oilseed rape; trapping period
17 April – 19 May 2009. * = significant difference (paired t-test, p ≤ 0.05). (m = male, f =
female)

Migration flights of female T. obscurator and T. fulvipes towards and away from insecticide
treated and untreated crops of oilseed rape
The cumulative numbers of female T. obscurator as assessed by using bi-directional malaise
traps, differed significantly between emigration and immigration flights. In the untreated field
the number of parasitoids flying towards the crop was greater than the number of parasitoids
flying away from the field (Fig 7). In contrast, in the insecticide-treated field the emigration
prevailed over the immigration during seven days following treatment (Fig 8).

74

cumulative no. of T. obscurator in 4 malaise traps

Chapter IV

160
a

treated immigration
treated emigration
untreated immigration
untreated emigration

140
120

a

100
b
b

80
60
40
20
0

ril
ri l ay ay ay ay ay ay ay ay ay ay ay ay ay ay ay
Ap 9 Ap 1 M 5 M 6 M 7 M 8 M 9 M 0 M 1 M 2 M 3 M 4 M 5 M 6 M 7 M 9 M
7
1
1
1
1
1
1
1
1
1
2
2

Fig 7: Cumulative number of female T. obscurator caught in directional malaise traps placed
around the border of untreated and treated oilseed rape fields in 2008. Different letters
indicate significant differences, RM-ANOVA; p ≤ 0.05, ↓ = date of insecticide application
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Fig 8: Daily numbers of female T. obscurator caught in directional malaise traps, placed
around the border of an untreated and treated oilseed rape field in 2008. ↓ = date of insecticide
application.
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Similarly, emigration flights of T. fulvipes differed between untreated and insecticide-treated
crops of oilseed rape. Significantly more adult T. fulvipes emigrated from the insecticidetreated field than from the untreated field. The immigration flights were not significantly
different between insecticide treated and untreated fields (Fig 9).
Captures of T. fulvipes increased after insecticide application; emigration flights prevailed
over immigration flights in the treated field. Seven days after treatment, the number of

cumulative no. of T. fulvipes in 4 malaise traps

captured parasitoids decreased (Fig 10).
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Fig 9: Cumulative number of female T. fulvipes caught in directional malaise traps placed
around the border of an untreated and treated oilseed rape fields in 2008. Different letters
indicate significant differences, RM-ANOVA; p ≤ 0.05, ↓ = date of insecticide application.
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application.

Discussion
The period of main activity of tersilochine parasitoids (except T. microgaster) in crops of
winter oilseed rape commonly persists from the late bud stage until the end of flowering, with
peak activity at full flowering (Johnen et al., 2006; Ulber et al., 2006). Consequently,
insecticide applications during flowering might have detrimental effects on parasitoid
populations. In contrast to this expectation, in this study the level of parasitism of stem weevil
larvae was not significantly affected by insecticide application neigher by early application
nor by spraying at the end of flowering. In earlier studies, application of pyrethroid sprays at
flowering of oilseed rape as well had no negative effect on levels of parasitism of C. napi and
C. assimilis (Winfield, 1963; Klukowski, 2006)
The choice of selective insecticides is an important step to conserve populations of beneficial
species in IPM systems. Many pyrethroids are known to have a broad-spectrum activity on a
large variety of herbivores and natural enemies (Casida et al., 1983). In contrast, systemic
insecticides and their metabolites are claimed to be fairly safe for beneficials, because they are
quickly absorbed from the plant surface into the tissue, thereby minimizing detrimental
effects on beneficial insects (Stapel et al., 2000, Tomizawa & Casida, 2005). It has been
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reported in the literature that thiacloprid has no persistent effect on the egg parasitoid
Trichogramma cacoeciae and Encarsia formosa (Schuld & Schmuck, 2000; Richter, 2006).
Reduction of parasitism of cabbage stem weevil larvae after application of lambdacyhalothrin ranged between 6.5% and 10.4% (Klukowski et al., 2006). However, in our study
the level of parasitism was not increased in plants treated with thiacloprid as compared to
lambda-cyhalothrin.
Another approach for increasing the selectivity of pesticides is the application of reduced dose
rates (Poehling, 1989; Longley et al., 1997; Booth et al., 2007). Although reduced dose rates
may provide only partial control of the primary pests, they can contribute substantially to
conservation of natural enemies (Ripper, 1956). It has been proved in various studies that
reduced rates of insecticides can provide sufficient control of pests (Ripper, 1956; Poehling,
1989; Acheampong & Stark, 2004; Booth et al., 2007). In our study, reduced dose rates of
lambda-cyhalothrin and thiacloprid did not increase the parasitism by T. obscurator and T.
fulvipes as compared to full dose rates. In plants treated with the full dose of thiacloprid and
lambda-cyhalothrin, the level of parasitism was even slightly higher than at 50% reduced dose
rates. This may have resulted from stimulatory effects of low-level residuals of insecticides on
surviving parasitoids which might have induced hyperactivity of the tested species, thereby
increasing the level of parasitism. A short-term benefit of hyperactivity on host finding and
oviposition has been suggested by Rafalimanana et al. (2002) when exposing the parasitoid
Leptopilina heterotoma to sublethal doses of chlorpyrifos. The parasitoid Aphidius
rhopalosiphi groomed more actively and rested less frequently on deltamethrin residues than
on insecticide-free plants (Longley & Jepson, 1996b). On plants treated with permethrin the
parasitoid Diaeretiella rapae spend a greater proportion of their time walking, which may be
due to the locomotory stimulation by the insecticide (Jiu & Waage, 1990). Hyperactivity of
insects has also been observed by other authors following application of insecticides (Wiles &
Jepson, 1994; Bayley & Baatrup, 1996; Umoru et al., 1996; Singh et al., 2001; Prasifka et al.,
2008). This effect may be due to amplification of stimulus perception by continued firing of
synapses (Rafalimanana et al., 2002).
In addition to insecticide effects, the level of parasitism can also be affected by responses of
parasitoids to host density. In literature reviews examining the impact of host density on
parasitism rates, 48-66% of studies provided evidence for density dependence, and in about
half of these there was direct rather than inverse density dependence (Lessells, 1985; Stiling,
1987; Walde & Murdoch, 1988). In our study, the timing of insecticide treatment was related
to the period just before and during the main activity of adult parasitoids. In order to
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guarantee a sufficiently high infestation of host larvae for analyses of parasitim, treatments
were applied 3-4 weeks following the main oviposition period of the Ceutorhynchid stem
weevils. As the number of endophagous stem weevil larvae per plant was only little reduced
by any of the insecticide applications, parasitism was not influenced by density-dependence.
The exposure of nontarget insects to residuals of contact insecticides is influenced by the
persistence and distribution of the chemical compound within the crop canopy and by the
foraging behaviour and vertical distribution of the insect species. In our study, significantly
higher numbers of T. fulvipes and T. obscurator were caught in yellow water traps placed at
ground level than at the flower level. A higher abundance of parasitoids attacking the stem
weevils on leaves and stems of oilseed rape was also observed by Nitzsche (1998). This
vertical distribution of adult parasitoids within the crop may have provided a behavioural
refuge from the insecticide sprays and residues. Studies using fluorescence spray tracers
showed that the pesticide deposition in crops of oilseed rape declined from the top of the
canopy to the ground level (Goltermann, 1995). The deposition of insecticides in dense crops
was only 18% close to the soil level, whereas 44.5% of the dose applied was deposited down
to soil level in thin oilseed rape crops (Goltermann, 1995). This effect is influenced by
application rates and spray volumes, environmental conditions, growth stage and crop density
(Cilgi & Jepson, 1992). Reduced side effects of insecticides on natural enemy populations
have also been observed when these were applied in the late-whorl stage of maize as
compared to the mid-whorl stage. Plants in the late-whorl stage reduced the spray penetration,
thereby providing a better physical refuge within the crop (Armenta et al., 2003).
Adult parasitoids responded to insecticide application by changing their dispersal behaviour.
Emigration flights of T. fulvipes and T. obscurator from the insecticide treated field were
more frequent than immigration flights, whereas in the untreated field immigration flights
prevailed during the total observation period. Adults of T. fulvipes and T. obscurator
recolonized the treated field about one week post treatment. Significantly higher numbers of
emigration flights from treated plots following insecticide application indicated repellent
effects on adult parasitoids. This was confirmed by the dual-choice tests in the laboratory:
fresh residues of thiacloprid on oilseed rape leaves were repellent to T. obscurator (Neumann
& Ulber, pers. comm.). However, no repellency was found on two days old residues of
thiacloprid. In contrast, residues of lambda-cyhalothrin did not significantly change the
residence time of T. obscurator on treated oilseed rape leaves (Neumann & Ulber, pers.
comm.).

79

Chapter IV
A similar pattern of reinvasion of oilseed rape plots following the decline of insecticide
activity was also found with Trichomalus perfectus when exposed to triazophos residues
(Murchie et al., 1997). Similarly, residues of fenvalerate, pirimicarb and deltamethrin on
winter wheat caused a temporally limited decrease of the activity of aphid parasitoids
(Borgemeister, 1992; Longley et al., 1997). Application of carbamate, pyrethroid and
organosphosphate insecticides resulted in a reduced abundance of insect natural enemies for a
period of 8 to 15 days (Armenta et al., 2003). Following application of tau-fluvalinate and
lambda-cyhalothrin, the abundance of T. obscurator and T. fulvipes was reduced even two
weeks after the treatment as compared to untreated winter oilseed rape plots (Klukowski et
al., 2006). The longer avoidance of parasitoids following treatment compared to our study
may be due to the larger plots size (30 x 30 meter).
Rapid re-invasion of insecticide treated plots by parasitoids can be due to small experimental
plots (Brown, 1989; Jepson, 1989; Cilgi & Jepson, 1992). This is particularly the case in
parasitoids showing a high dispersal ability (Smart et al., 1989). Because of the rapid reinvasion following insecticide treatment, small plots are only suitable for short-term scale
monitoring studies (Jepson, 1989). This so called “horizontal recruitment” may be influenced
by landscape characteristics, (Thies & Tscharntke, 1999; Zaller et al., 2009), pesticide drift
into adjacent non-target areas, (Langhof, 2005), plant stage (Winfield, 1963) and availability
and distribution of the prey (Waage, 1989). To reduce the impact of recolonisation of
parasitoids in studies on long-term effects of insecticides, large scale plots are needed.
The level of parasitism of stem mining weevils was not significantly reduced by insecticide
treatments, therefore insecticide application and protection of parasitoids is possible.
Measures aimed to protect parasitoids, such as application of systemic insecticides, reduction
of dose rates and early spraying before immigration of parasitoids into the oilseed rape crop,
did not increase parasitism.
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Impact of insecticide treatments on mortality, parasitism and host location
of parasitoids attacking pollen beetle larvae
Abstract
The pollen beetle, Meligethes aeneus F., is one of the most important pests on oilseed rape in
Europe. To prevent damage to the crop several insecticide treatments are applied each year.
The extensive use of pyrethroid insecticides has resulted in resistance of pollen beetles to this
chemical group. In addition, extensive use of insecticides can cause harmful, undesirable side
effects on natural enemies. Eggs and larvae of pollen beetles are commonly parasitized by the
specialist endoparasitoids Phradis interstitialis and Tersilochus heterocerus in Europe.
In field experiments, the effect of the contact pyrethroids lambda-cyhalothrin and taufluvalinate and the systemic neonicotinoid thiacloprid on the level of parasitism of pollen
beetle larvae was investigated in 2006 to 2008. Insecticides were applied before and after the
main immigration of parasitoids into the oilseed rape field, at both the recommended field
dose rate and at 50% reduced dose rate. In laboratory assays, the effects of insecticide
residues on mortality and host location of P. interstitialis and T. heterocerus were studied.
In field experiments, the application of thiacloprid and tau-fluvalinate significantly reduced
the level of parasitism compared to untreated plots, while treatments with lambda-cyhalothrin
had no significant effect on parasitism. Insecticide dosage and time of application did not
significantly affect the parasitism. Parasitism of artificially exposed pollen beetle larvae was
only reduced for 3 to 5 days post treatments and then increased again.
In laboratory dose-response tests, lambda-cyhalothrin was more toxic to P. interstitialis and
T. heterocerus than tau-fluvalinate and thiacloprid. In two-choice tests, female P. interstitialis
spent significantly less time foraging on buds treated with thiacloprid and tau-fluvalinate than
on untreated buds, indicating a repellent effect of these insecticides. On buds treated with
lambda-cyhalothrin, the residence time was not reduced compared to untreated buds.
Although lambda-cyhalothrin proved to be more toxic, no effect on levels of parasitism of
pollen beetle larvae was observed in the field. For conservation of parasitoids, the choice of
selective insecticides can be more appropriate than the application of reduced dose rates or
using temporal spray windows. This study demonstrated that in addition to toxicity of
insecticides, behavioural effects of insecticides need to be considered. Repellency of
insecticides has potential to reduce parasitism as well. Strategies improving survival of
natural enemies, which might reduce the need for chemical control of pollen beetles are
discussed.
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Introduction
The pollen beetle, Meligethes aeneus F. (Col., Nitidulidae) is one of the most damaging pests
of oilseed rape in Europe. Adult pollen beetles migrate to the crop when the temperature rises
above 12-15°C in spring (Nilsson 2003). Females oviposite into buds that are at least 2-3 mm
large. The adults and the two larval instars feed on pollen in buds and flowers. Mature larvae
drop to the soil for pupation; new-generation beetles emerge 40 – 50 days later (Nilsson,
1988). There is only one generation per year. New-generation beetles overwinter in woodland
litter (Nilsson & Andreasson, 1987). The oilseed rape crop is most susceptibel to pollen
beetles during the early bud stage and becomes less sensitive as the flowers develop (Alford
et al., 2003). Commonly one to four insecticide sprays are necessary in order to avoid
excessive crop losses (Menzler-Hokkanen et al., 2006). The extensive use of pyrethroids has
led to widespread resistance to these insecticides in many European countries, including
Germany (Heimbach et al., 2006), Denmark (Hansen, 2003), France (Ballanger et al., 2007)
and Poland (Wegorek & Zamojska, 2006). Consequently, strategies of reduced insecticide
usage, as manifested in IPM programs (Kogan, 1998), become more important. Integration of
natural enemies is one important step. In Central Europe, the larval endoparasitoids Phradis
interstitialis (Hym., Ichneumonidae) and Tersilochus heterocerus (Hym., Ichneumonidae) are
the most important natural enemies of pollen beetle (Williams 2006). The level of parasitism
by these parasitoids ranges from 10 % to 50 %, occasionally exceeding 80 % (Nitzsche, 1998;
Büchi, 2002; Nilsson, 2003).
Adult parasitoids migrate to the oilseed rape crop in spring, mainly during flowering. They
seek their hosts in the buds and flowers of oilseed rape to oviposit into the eggs or larvae.
Female P. interstitialis parasitizes primarily pollen beetle eggs within green buds (Osborn,
1960; Winfield, 1963; Nilsson, 2003; Jönsson et al., 2005), while female T. heterocerus
preferentially search for second instar larvae (Nilsson, 2003).
The first parasitoids occured on the crop of oilseed rape when the cumulative temperaturesum exceeded 300 day-degrees (Jourdheuil, 1960; Hokkanen et al., 1988); this is commonly
coinciding with insecticide applications against pollen beetle. Avoidance of insecticide use
during the period of main activity in the crop might have potential for safe integration of
insecticide use with conservation of parasitoids.
An important component for maintaining populations of beneficial species in IPM is the use
of selective pesticides and selective application of insecticides. Selectivity may be achieved
by using reduced dose rates (Booth et al., 2007). In studies conducted in cereals reduced rates
of insecticides were found to be sufficiently effective against aphids, while conserving natural
86

Chapter V
enemies (Poehling, 1989; Wiles & Jepson, 1995; Booth et al., 2007). Application of
insecticide compounds that are selective to pest species can help to conserve parasitoids in the
crop. The broad-spectrum pyrethroids cyfluthrin and lambda-cyhalothrin are highly toxic to
honey-bees, while the selective pyrethroid tau-fluvalinate can be used to control parasitic
mites inside honey bee colonies (Johnson et al., 2006). Further, systemic insecticides and their
metabolites are claimed to be fairly safe for beneficial insects, because they are quickly
absorbed from the plant surface into the tissue, thereby minimizing the effect as contact
insecticides to natural enemies foraging on the plant surface (Stapel et al., 2000; Tomizawa &
Casida, 2005).
Adult parasitoids can be exposed to insecticide spray droplets (Croft & Brown, 1975; Jepson,
1989), to dried residues when foraging on plant surface (Longley & Jepson, 1996a; Longley
& Jepson, 1996b) and through feeding on contaminated water droplets and nectar (Longley &
Jepson, 1996a). Various effects of insecticides on parasitoids of pollen beetle have been found
in earlier studies. The abundance of P. morionellus and T. heterocerus was reduced after
application of organochlorines (Winfield, 1963). The pyrethroids deltamethrin and
alphacypermethrin were less harmful to P. morionellus than the organophosphate fenitrothion
(Hokkanen et al., 1988). Following application of tau-fluvalinate the number of Phradis spp.
was reduced for three days, while lambda-cyhalothrin caused a reduction of P. interstitialis
until the end of its activity period (Klukowski et al. 2006). Application of various insecticides
(azinphos-azinphosmethyl, methoxychlor, permethrin) during the bud stage did not have any
impact on parasitism of pollen beetle larvae compaired to untreated plots. (Nilsson &
Andreasson, 1987).
In addition to increased mortality, sublethal effects of insecticides on the development rate,
reproduction, longevity as well as behaviour of parasitoids have been reported by Desneux et
al. (2007). Parasitoids use herbivore-induced plant volatiles for host finding (Vinson, 1998).
Insecticides can interrupt host searching by masking attractive plant odours and/or
interference with the receptors that perceive the odour (Haynes, 1988).
The aim of this study was to analyse the effect of two pyrethroids (tau-fluvalinate, lambdacyhalothrin) and a neonicotinoid (thiacloprid) on parasitism of pollen beetle larvae by P.
interstitialis and T. heterocerus in field experiments. The insecticides were applied either at
the full recommended field dose rate or at 50% reduced rate, both before and after main
immigration of parasitoids into the oilseed rape crop. The laboratory experiments focused on
the effect of insecticides on mortality and host searching behaviour of these parasitoids.
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Material and Methods
Field experiments
Field experiments were conducted on crops of oilseed rape close to Goettingen (Germany) in
2006, 2007 and 2008. The field trials were arranged in a randomized block design with four
replicated plots per treatment (2006: 24m * 26m, 2007/2008: 15m * 16m). In addition to the
pyrethroid lambda-cyhalothrin (Karate Zeon, 100g a.i./l), the pyrethroid tau-fluvalinate
(Mavrik, 240 g a.i./l) and the neonicotinoid thiacloprid (Biscaya, 240g a.i./l) were tested in
2006 and 2007/2008, respectively. The insecticides were applied at 100% and 50% of the
recommended field dose rate with 240 l/ha of water. The first application was carried out
before the main immigration of parasitoids at early flowering (BBCH 61/62) and the second
application at peak activity, at mid to end of flowering (BBCH 65/69). Four plots were kept
untreated as control. In total, nine different treatments were compared in each experiment
Level of parasitism
In 2006 and 2007, larvae of M. aeneus were collected in May from buds and flowers
(Williams et al., 2003) of 20-25 plants per plot. In 2008, samples were collected by beating
the larvae from the main raceme into a tray (Williams et al., 2003). The number of larvae
sampled varied between 30 and 465 larvae/treatment, the mean number of dissected larvae
was 251. Larvae were stored in 70% Ethanol and later dissected in a drop of water under a
stereo microscope The larvae were cut off using a fine needle, and the body contents were
teased apart to detect parasitoids eggs or larvae.

Semifield experiment
In 2006 and 2007, oilseed rape plants were artificially infested by eggs and larvae of pollen
beetle and exposed to parasitisation in the field plots. Two adult pollen beetle females and
males were caged for 3 days on the main raceme of potted oilseed rape plants for oviposition
in the greenhouse. Hatching larvae were reared up to the 2nd instar. Following the late
insecticide application three infested plants were positioned randomly in each plot for 2 and 3
days. In 2006 and 2007 plants were removed after 3, 6 and 9 days and after 4, 7 and 10 days,
respectively, following insecticide application and new plants were exposed in each plot for
parasitisation. Pollen beetle larvae were collected from each plant and stored in 70% Ethanol
for dissection as described above.
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Yellow water traps
The phenology of parasitoids was monitored by using yellow water traps (33 x 26 x 6 cm)
that were filled with 1.5 litres of water and a few drops of detergent. Four traps were exposed
10 meter from field edges and were emptied three times per week from March till June.
The vertical distribution of parasitoids within the crop canopy was determined on an untreated
oilseed rape field by using eight yellow water traps. For trapping parasitoid species foraging
on the level of buds and flowers trap height was raised to the top of the canopy as the crop
grew; for parasitoids foraging on stems and leaves four traps were placed at ground level.
Traps were emptied weekly during the main period of parasitoid activity from 17 April to 19
May 2009. All insects caught were stored in 70% Ethanol and later identified by using keys of
Horstmann (1971; 1981).

Traps at soil level
The adult parasitoids and pests that were killed directly by insecticide application were
collected by white trays (13 x 18 cm) placed below the canopy at ground level. Twenty trays
were exposed randomly in all treated and untreated plots. Twenty-four hours after spraying,
the dead parasitoids and pests were counted.

Two-choice test
Females of P. interstitialis used for the two-choice test were caught by sweep netting from an
untreated crop of oilseed rape in April/May. They were stored for at least 24h in the
laboratory until they were used for the experiments. Provisional species-level identifications
of live parasitoids were made based on the ovipositor morphology. At the end of the
experiment the identification was confirmed by using precise taxonomic characters
(Horstmann, 1971, 1981). Field-collected buds infested with eggs and larvae of pollen beetle
were treated with full doses of lambda-cyhalothrin, tau-fluvalinate and thiacloprid,
respectively, by using a hand sprayer. Treated buds of various residual age (1hour, 3 days, 6
days) and untreated buds were offered 10 cm apart in a petri dish of 15 cm diameter to female
P. interstitialis for parasitisation. Single females were observed for 5 min and the residence
time on the buds was measured. Each treatment was repeated 20 - 30 times.

Toxicity test
Adult parasitoids collected by sweep-netting from an untreated oilseed rape field were tested
for lethal effects of lambda-cyhalothrin, tau-fluvalinate and thiacloprid. The parasitoids were
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stored for 24h in a climate chamber at 14 °C and a photoperiod 12L:12D. They were provided
with oilseed rape flowers and water before using in the glass-vial bioassay. The active
ingredients of lambda-cyhalothrin, thiacloprid and tau-fluvalinat were diluted in acetone. Pure
acetone was used as control. The dilution (200 µ l) was pipetted into a glas vial (height 6.5cm,
radius 1.2 cm) and rotated. Following evaporation of the aceton the inner surface of the vial
was covered homogeneously by insecticide residuals. To establish the dose-mortality
relationship, the parasitoids were exposed to seven up to ten different concentrations of the
insecticides. Ten parasitoids (60% P. interstitialis, 40% T. heterocerus) were released into
each vial. Mortality tests were performed at 14 °C under 12L:12D. Four replicates were
carried out for each concentration of the insecticides. Mortality of adult parasitoids was
determined after 5h.

Statistical analysis
All data were tested for normal distribution using the non-parametric Kolmogorov-SmirnovTest. ANOVA was performed for normal distributed data; differences between means were
evaluated by Tukey-HSD test and LSD-test (p ≤ 0.05). Non-normal distributed data were
tested for significant differences (p ≤ 0.05) between insecticide treatments using the MannWhitney-U test. Paired t-tests were used for estimating differences between the vertical
distribution of parasitoids. The χ2- test was used for data of the laboratory experiments.
Statistical analysis was done by STATISTICA Version 8. The data obtained from the glassvial bioassays were used for calculation of dose-response-relationships and analyzed by
applying the probit model (PoloPlus, LeOra Software).

Results
Phenology of adult parasitoids
In 2006, first females of P. interstitialis were captured on crops of oilseed rape on 3 May,
followed by male P. interstitialis and female T. heterocerus on 5 May. Male T. heterocerus
colonized the crop on 10 May. Early insecticide application was conducted nine days before
parasitoids colonized the field on 24 April. Late insecticide treatments were applied at peak
activity of female P. interstitialis on 7 May (Fig 1). Peak activity of female P. interstitialis
and male P. interstitialis was recorded on 5 May and 8 May, respectively. Peak activity of
female T. heterocerus and male T. heterocerus was found on 8 May and 10 May, respectively
(Fig 1).
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Fig 1: Mean number of adult P. interstitialis and T. heterocerus caught in yellow water traps
in the oilseed rape field trial near Goettingen in 2006. ↓ = date of insecticide application

In 2007, male P. interstitialis colonized the oilseed rape crop on 10 April, followed by female
P. interstitialis on 16 April and male and female T. heterocerus on 20 and 24 April,
respectively. The early application of insecticides was on 13 April, before peak activity while
the late treatments were applied following the main immigration on 2 May (Fig 2). Peak
activity of male P. interstitialis was observed on 10 April, while female P. interstitialis was
most abundant on 24 and 26 April. Males and females of T.heterocerus were most abundant
on 29 April (Fig 2).
In 2008, parasitoids started to colonize the oilseed rape field on 29 April. Insecticides were
applied on 23 April and 7 May, respectively (Fig 3). Peak activity of male T. heterocerus was
observed on 5 May, while the number of female T. heterocerus peaked on 7 May. The highest
number of female and male P. interstitialis was caught on 21 April and 29 April, respectively
(Fig 3).
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Fig 2: Mean number of adult P. interstitialis and T. heterocerus caught in yellow water traps
in the oilseed rape field trial near Goettingen in 2007. ↓=date of insecticide application
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Fig 3: Mean number of adult P. interstitialis and T. heterocerus caught in yellow water traps
in the oilseed rape field trial near Goettingen in 2008. ↓=date of insecticide application

92

Chapter V
Abundance and level of parasitism of pollen beetle larvae
In 2006, the insecticide treatments during flowering reduced the mean number of pollen
beetle larvae from 4.4 ± 0.7 larvae/plant in untreated plots to 1.5 ± 0.2 larvae/plant in treated
plots. Number of larvae was significantly reduced in plots treated with 50% tau-fluvalinate
during flowering as compared to plots treated with 100% and 50% of tau-fluvalinate in bud
stage and to untreated plots (Fig 4). In plots treated with 100% of lambda-cyhalothrin in bud
stage significantly more larvae/plant were found compared to plots treated with 50% taufluvalinate during flowering.
Parasitism of larvae ranged between 8.1% and 26.5%. The highest level of parasitism was
recorded in the untreated plots, while the lowest level of parasitism was found in plots treated
with 50% tau-fluvalinate during flowering. This treatment reduced the level of parasitism by
18.5% compared to untreated plots. The level of parasitism was reduced in plots treated with
lambda-cyhalothrin by 10% and in plots treated with tau-fluvalinate by 11.8 % compared to
untreated plants, but this difference was not significant. Applications in the bud stage and
during flowering reduced the level of parasitism by 9.4% and 12.4%, respectively, compared
to untreated plots. Full dose rates decreased parasitism by 9.3% and 50% reduced field dose
rate by 12.6%, compared to untreated plots. Application of 50% tau-fluvalinate at flowering
reduced the level of parasitism significantly by 10.7% in contrast to plants treated with both
dosages of lambda-cyhalothrin at bud stage. The level of parasitism was positively correlated
with the number of larvae/ plant (y = 12.55 + 1.38, r2 = 0.14, F = 5.4, p = 0.0258, n = 36).
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Fig 4: Mean level of infestation (+ SE) by M. aeneus and mean level of parasitism (+ SE) on
plants following different insecticide treatments in 2006. Tau-fluvalinate or lambdacyhalothrin, full field dose rate (100 %) or reduced field dose rate (50 %), application in bud
stage or during flowering. Means followed by the same upper/lower case letters are not
significantly different. Larvae/ plant: ANOVA; LSD-test; n = 36; F = 2.2; p ≤ 0.05.
Parasitism: ANOVA; LSD-test; n = 36, F = 1.5; p ≤ 0.05 .

In 2007, the number of pollen beetle larvae per plant was significantly reduced in plots treated
with thiacloprid (mean 0.6 ± 3.5 larvae/plant) (except 50% thiacloprid in bud stage) and in
plots treated with 50% lambda-cyhalothrin during flowering (1.1 ± 0.3 larvae/plant) compared
to untreated plots (3.9 ± 0.7 larvae/plant ).
The level of larval parasitism did not differ significantly between all insecticide treatments
and untreated plots. Average level of parasitism was 29.8 % ± 3.1 (Fig 5). There was no
correlation between the number of larvae/plant and the level of parasitism.
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Fig 5: Mean level of infestation (+ SE) by M. aeneus and mean level of parasitism (+ SE) on
plants following different insecticide treatments in 2007. Thiacloprid or lambda-cyhalothrin,
full field dose rate (100 %) or reduced field dose rate (50 %), application in bud stage or
during flowering. Means followed by the same upper/lower case letters are not significantly
different. Larvae/ plant: ANOVA; Tukey-HSD; n = 36; F = 6.0; p ≤ 0.05. Parasitism:
ANOVA; Tukey-HSD; n = 36, F = 0.8; p ≤ 0.05 .

In 2008, the abundance of pollen beetle larvae per plant showed no significant difference
between insecticide-treated and untreated plots. The level of parasitism ranged between 25.9
% and 55.2 %. Parasitism was significantly reduced in plots treated with thiacloprid (except
50% thiacloprid in bud stage) compared to untreated plots. In comparison to plots treated with
50% lambda-cyhalothrin in bud stage and to untreated plots, a significantly lower level of
parasitism was found in plots treated with the full field dose rate of thiacloprid during
flowering (Fig 6).
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Fig 6: Mean level of infestation (+ SE) by M. aeneus and mean level of parasitism (+ SE) on
plants following different insecticide treatments in 2008. Thiacloprid or lambda-cyhalothrin,
full field dose rate (100 %) or reduced field dose rate (50 %), application in bud stage or
during flowering. Means followed by the same upper/lower case letters are not significantly
different. Larvae/ plant: ANOVA; Tukey-HSD; n = 36; F = 0.2; p ≤ 0.05. Parasitism:
ANOVA; Tukey-HSD; n = 36, F = 4.0; p ≤ 0.05 .

Level of parasitism of artificially infested plants
Parasitism of pollen beetle larvae following exposure on potted oilseed rape plants in the
treated and untreated plots was on a low level between 1 to 3 days after insecticide application,
particularly in plots treated with lambda-cyhalothrin. Parasitism increased significantly during
the days 3 to 6 after application and decreased again significantly 6 to 9 days after spraying,
due to unfavorable weather conditions. During 3 to 6 days after spraying the highest level of
parasitism was found in untreated plots (Fig 7).
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Fig 7: Mean level of parasitism (+ SE) of Meligethes larvae which were exposed on potted
plants on day 1, 3 and 6 after insecticide application during flowering in 2006. Upper case
letters = significant difference between exposure dates, lower case letter = significant
difference between untreated and treated plots. Insecticide treatments: Mann-Whitney U-test;
n = 36; p ≥ 0.05; Exposure dates: Nonparametric test, Kolmogorov-Smirnov-test; n = 108; p ≤
0.05.

In 2007, the mean level of parasitism during the days 1 to 4 after insecticide application was
significantly lower (mean 0.7 ± 0.2) than during the days 5 to 6 after spraying (mean 9.9 ±
2.6). During the days 5 to 6, parasitism of larvae was higher on treated plants than on
untreated plants, but this was not significantly different (Fig 8).
The mean number of host larvae ranged between 3.3 and 7.4 larvae per plant in 2006 and
between 3.5 and 8.1 larvae per plant in 2007.
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Fig 8: Mean level of parasitism (+ SE) of Meligethes larvae which were exposed on potted
plants on day 1, 3 and 6 after insecticide application during flowering in 2007.Upper case
letters = significant difference between exposure dates, n.s. = no difference between untreated
and treated plots. Insecticide treatments: Mann-Whitney U-test; n = 36; p ≥ 0.05; Exposure
dates: Nonparametric test, Kolmogorov-Smirnov-test; n = 108; p ≤ 0.05.

The vertical distribution of adult parasitoids in the crop canopy of oilseed rape showed that
significantly more females and males of T. heterocerus and male P. interstitialis were
abundant on the top of the canopy than at soil level. Female P. interstitialis showed no clear
preference (Fig 9).
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Fig 9: Mean number of female and male parasitoids caught in yellow water traps at the top of
crop canopy and at ground level in an oilseed rape crop; trapping period 17 April – 19 May
2009. paired t-test, p ≤ 0.05. (m = male, f = female)

Abundance of dead parasitoids in traps after insecticide application
Twenty-four hours after insecticide application, only two males of T. heterocerus and one
female of P. interstitialis were caught in total in the traps exposed at the ground of plots
treated with thiacloprid at late flowering. No parasitoids were caught in untreated plots and
plots treated with lambda-cyhalothrin.

Two-choice test
Buds carrying fresh dried residues of thiacloprid (100%) were significantly avoided by female
P. interstitialis. Three and six days old residues of thiacloprid also reduced the residence time
of females on treated buds compared to untreated buds, but this difference was not significant
(Fig 10).
Buds treated with 100% lambda-cyhalothrin or 100% tau-fluvalinate had significant effect on
the residence time of P. interstitialis on treated buds compared to untreated buds. Female P.
interstitialis tended to spend more time on buds treated with lambda-cyhalothrin, but they
spent less time on buds sprayed with tau-fluvalinate as compared to unsprayed buds (Fig 11
and 12).
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Fig 10: Mean time (sec + SE) spent by adult females of Phradis interstitialis on untreated
buds and buds treated with thiacloprid of different residual age during the observation time of
5 min. χ2 – test, p ≤ 0.05; n = 21 – 30.
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Fig 11: Mean time (sec + SE) spent by adult females of Phradis interstitialis on untreated
buds and buds treated with lambda-cyhalothrin of different residual age during the
observation time of 5 min. χ2 – test, p ≤ 0.05; n = 20 – 25.
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Fig 12: Mean time (sec + SE) spent by adult females of Phradis interstitialis on untreated
buds and buds treated with tau-fluvalinate of different residual age during the observation
time of 5 min. χ2 – test, p ≤ 0.05; n = 20.

Toxicity of insecticides to P. interstitialis and T. heterocerus
In the glass-vial bioassay the LD50 of lambda-cyhalothrin was at 12 % (0.0093 µ g/cm2) of the
recommended field dose rate. The dose-mortality equation was Y = 14.34 + 2.52x. (df = 1, r2
=0.35, p < 0.05). The toxicity of tau-fluvalinate showed an LD50 of 59.52 % (= 0.119 µ g/cm2)
of the recommended field dose rate. The dose-mortality equation was Y = -0.52 + 0.37x (df =
1, r2 = 0.31, p < 0.05). The LD50 of thiacloprid could not be determined 5 h after exposure to
the insecticide residuals, because only 13.4% of the parasitoids died after 5h on residuals of
various concentrations. Mortality in control treatments ranged between 0 and 13%.

Discussion
The parasitoid P. interstitialis was reported to colonize the oilseed rape crop from mid April
onwards and T. heterocerus from the end of April to the beginning of May (Nilsson, 2003;
Ulber et al., 2006; Williams, 2006), which corresponds to our observations in the field
experiments. Three to four insecticide treatments are applied commonly to the crop in
autumn, spring and summer (Menzler-Hokkanen et al., 2006). Consequently, insecticide
applications during flowering may have detrimental effects on parasitoid populations.
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Adult parasitoids can be exposed to insecticide spray droplets (Croft & Brown, 1975; Jepson,
1989) or when foraging on the plant surface for hosts (Longley & Jepson, 1996a; Longley &
Jepson, 1996b) and through feeding on contaminated water droplets and nectar (Longley &
Jepson, 1996a). Our assessment of the vertical distribution of adult parasitoids within the crop
showed that parasitoids of pollen beetle larvae are mainly active at the top of the canopy,
which has also been observed by Ulber and Nitzsche (2006). Therefore, insecticide
application may have detrimental effects on these parasitoids.
However, levels of parasitism of pollen beetle larvae did not differ significantly between the
early and late application of the tested insecticides. The interval between the early insecticide
application and the immigration of adult parasitoids into the crop might have been too short,
and parasitoids might have been affected by insecticde residuals on the early treated plants.
Depending on weather and UV-photolysis, the half life time of pyrethroids can vary from
some days to weeks (Börner, 1997).
Besides the temporal targeting of insecticide application, another approach for increasing
selectivity of pesticides is to reduce the dose rates (Poehling, 1989; Longley et al., 1997;
Booth et al., 2007). Many studies on the effect of reduced field dose rates on pests and their
natural enemies have been focused on aphids. Various studies have shown that reduced rates
of insecticides can provide sufficient control of aphids, while protecting populations of
natural enemies (Ripper, 1956; Poehling, 1989; 1995; Longley et al., 1997; Acheampong &
Stark, 2004; Booth et al., 2007). In this study no significant difference occured between the
levels of parasitism at 50% reduced rates and full dose rates on. The difference between the
levels of parasitism at full and reduce dose rates amounted only to 4-5%.
The choice of selective insecticides is an important step to conserve populations of beneficial
species in IPM. Many pyrethroids are known to have a broad-spectrum activity on a large
variety of herbivores and natural enemies (Casida et al., 1983; Tillmann & Mulrooney, 2000).
Due to the different chemical structure of the active compound, tau-fluvalinate may be less
harmful to natural enemies than lambda-cyhalothrin (Johnson et al., 2006). Tau-fluvalinate is
being used for control of parasitic mites inside honey bee colonies, while the pyrethroids
cyfluthrin and lambda-cyhalothrin are highly toxic to honey bees (Johnson et al., 2006). In
contrast, systemic insecticides and their metabolites are claimed to be fairly safe for
beneficials, because they are quickly absorbed from the plant surface into the tissue, thereby
minimizing detrimental effects on natural enemies (Stapel et al., 2000; Tomizawa & Casida,
2005). In literature, it has been reported that thiacloprid showed no persistent effect on the
egg parasitoid Trichogramma cacoeciae and the larval parasitoid Encarsia formosa (Schuld
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& Schmuck, 2000; Richter, 2006). In contrast to our expectation, in this study the treatments
with tau-fluvalinate and thiacloprid significantly reduced the parasitism of pollen beetle
larvae, while treatments with lambda-cyhalothrin had no significant effect, compared to
untreated plots.
Parasitoids may be affected by insecticides through lethal toxic affects or through sublethal
effects on physiology and behaviour. In our laboratory dose-response tests, lambdacyhalothrin was more toxic to P. interstitialis and T. heterocerus than tau-fluvalinate and
thiacloprid. The mortality in the control vials ranged between 0% and 13%, which has been
agreed to be acceptable for control treatments (Mead-Briggs et al., 2006) when evaluating
effects of plant protection products on Aphidius rhopalosiphi. Even very low doses (0.125% –
1.5%) of the tested insecticides had a strong influence on the locomotory activity of 70% 80% of wasps. Parasitoids walked slowly and uncoordinated, with weak movements of the
antennae up to paralysis. However, this glass-vial test was performed under worst-case
conditions. The test method maximised the availabilty and persistence of the insecticide
(Barrett et al., 1994), and parasitoids were forced to stay in permanent contact with the
insecticide treated glass surface. The results of the glass-vial test can not be applied directly
for estimations of the insecticide toxicity under field conditions. The toxicity of the
pyrethroids lambda-cyhalothrin and tau-fluvalinate to Phradis spp. was lower on treated
leaves than on treated filter paper (Jackowski et al., 2009). Tau-fluvalinate was less toxic than
lambda-cyhalothrin; survival of Phradis spp. exposed to residuals of tau-fluvalinate and
lambda-cyhalothrin on treated leaf discs was 17.3% and 14.7% higher than on filter paper 6.5
hours after exposure, respectively (Jackowski et al., 2009).
In our study, females of P. interstitialis significantly avoided treated buds covered with fresh
dried and 3 days old residuals of thiacloprid and with fresh, 3 days and 6 days old residues of
tau-fluvalinate, compared to untreated buds. Females spent significantly more time on fresh
dried residues and six days old residues of lambda-cyhalothrin than on untreated buds. The
preference of parasitoids for plants covered by insecticide residuals as compared to untreated
plants has been rarely reported in the literature, e.g. the organophosphate malathion increased
the residence time on treated sorghum plants to Aphelinus asychis (Rao et al., 1999).
In contrast, there are numerous reports on repellent effects of insecticides on natural enemies:
females of Diaretiella rapae spent significant less time foraging on plants sprayed with
pirimicarb, permethrin and malathion than on untreated plants, regardless of the presence of
their aphid hosts (Jiu & Waage, 1990, Umoru et al. 1996). The aphid parasitoid Aphidius ervi
showed disrupted olfactory orientation towards host-infested plants treated with lambda103
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cyhalothrin, but not to residuals of deltamethrin (Desneux et al., 2006). Search time allocation
is an important component for parasitism efficiency. The modification of this behaviour can
interfere with the reproductive capacity of parasitoids (Komeza et al., 2001). The reduced
time spent foraging on the plant would reduce the probability of successful oviposition
encounters with hosts after an insecticide application.
Parasitoids use olfactory cues in host habitat location, while contact chemical cues of low
volatility are used in location of the host larvae (Vet & Dicke, 1992; Vinson, 1998).
Insecticides may obstruct host location through (1) masking of attractive host plant odours
and/or interference with the production and emission of plant volatiles, which could prevent
the parasitoid from recognising the host plant and the host (Thiery & Visser 1986;
Nottingham et al. 1991). (2) The insecticide odour could have a direct repellent effect on the
insects (Jiu & Waage, 1990, Tran et al. 2004). Quantitative and qualitative differences in
volatile blends of plants infested by cabbage stem weevil larvae, which were treated with
lambda-cyhalothrin or thiacloprid, have been observed by Neumann & Ulber (pers. comm.). It
is well know that parasitoids attacking pollen beetle larvae respond to volatiles emitted by
infested plants (Jönsson et al., 2005).
Repellency of insecticides may induce a change of the dispersal behaviour of the parasitoids.
Our previous studies have shown that emigration flights of Tersilochus fulvipes and T.
obscurator from insecticide treated fields were more frequent than immigration flights,
wheras in the untreated field immigration flights prevailed. The parasitoids recolonized the
treated field about one week post treatment (Neumann & Ulber, pers. comm.). This fits to our
results concerning parasitism of pollen beetle larvae on plants exposed directly after the
insecticide application. Level of parasitism was low during the first 4 to 5 days after treatment
and than increased again. However, in 2006, the level of parasitism decreased again six days
post treatment. This may be due to unfavourable weather conditions: in 2006, six days after
spraying the temperature decreased from 15.9°C to 13.5°C and the solar radiation from 273
kWh/m2 to 213 kWh/m2, which might have reduced the foraging activity of the parasitoids.
The influence of abiotic factors like temperature, humidity and solar radiation on flight
activity of hymenopteran parasitoids was investigated in various studies (Abraham, 1975;
Weisser et al., 1997; Fournier & Boivin, 2000; Langer et al., 2004).
The level of parasitism may also be affected by host density. A positive correlation between
the number of larvae per plant and the level of parasitism was only observed in 2006. Nilsson
& Andreasson (1987) found no correlation between host density and parasitization rate of
pollen beetles larvae. Reviews examining the impact of host density on parasitism rates have
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found that in 48-66% of studies there is evidence of density dependence, and in about half of
these that there is direct rather than inverse density dependence (Lessells, 1985; Stiling, 1987;
Walde & Murdoch, 1988).
Within IPM strategies, application of insecticides may be required if pest numbers exceed the
threshold levels. In our study, the reduction of dose rates and temporal targeting of insecticide
spraying before the main activity of parasitoids attacking pollen beetle did not result in the
expected increase of parasitism. For conservation biocontrol of pests on oilseed rape, the
choice of selective active ingredients was more effective than early application dates and
reduced dose rates. In addition, to toxic effects of insecticides on natural enemies, repellency
and interference with host location by parasitoids can reduce the parasitism efficiency.
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General discussion
Insecticides applied for control of pest insects on field crops may have undesirable sideeffects to natural enemies. Many commonly used pesticides have been found to be even more
toxic to natural enemies than to the herbivorous pests (Jepson, 1989). These adverse effects
can lead to resurgence of pest populations, i.e. a secondary pest outbreaks (Croft & Brown,
1975) and subsequently an increase in the need for insecticide treatments. Therefore, better
knowledge of the impact of pesticides on key natural enemies of target pests is important for
the success of IPM strategies. Conservation of natural enemies might be achieved by
optimization of insecticide use as far as product selection, timing of application and reduction
of field dose rates are concerned. This knowledge would help to provide recommendations to
farmers and consultants for minimizing negative effects on parasitoids and other biocontrol
agents. Parasitoids use chemical cues for locating their hosts in crops of oilseed rape (Jönsson
& Anderson, 2008). However, very little was known whether these chemical cues are
modified by insecticide application which might cause indirect effects on host location by
parasitoids. The following discussion initially is focused on the behavioural and
electrophysiological response of parasitoids to volatile emission by uninfested oilseed rape
plants and by plants infested by stem boring larvae of C. pallidactylus. Subsequently, lethal
and sublethal effects of insecticides on parasitoids in laboratory and field experiments are
discussed. Finally, strategies for conservation of parasitoid populations are considered.

Host searching
Plants have evolved strategies to defend themselves directly and/or indirectly against
herbivory. Direct defense mechanisms may prevent herbivores from feeding and oviposition
via physical barriers, such as thorns, trichomes, waxes, or secondary chemical compounds,
e.g. the production of glucosinolates in the plant family Brassicaceae (Bartlet et al., 1999).
Indirect defence mechanisms work by producing and releasing of volatile compounds that are
attractive to natural enemies (Paré & Tumlinson, 1997; Dicke, 1999; Paré & Tumlinson,
1999; Mattiacci et al., 2001). The herbivore induced changes of the volatile blend can be both
quantitative and qualitative. Volatiles that are present in uninfested plants may be emitted
from infested plants in larger amounts (Agelopoulus & Keller, 1994; Blaakmeer et al. 1994;
Gerrvliet et al., 1997; Mattiacci et al. 2001; Mumm et al, 2003; Bukovinsky et al. 2005).
Qualitative changes in the composition of the emitted blend commonly result from de novo
production of plant compounds following herbivory (Paré & Tumlinson, 1997).
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Parasitoids are known to use plant volatiles in foraging for hosts and food sources. The
process of searching for host plants and hosts for oviposition or feeding has been described as
1) host habitat location 2) microhabitat location and acceptance 3) host location and
acceptance (Vinson, 1998).
Olfactory and visual stimuli are commonly used in habitat location, while contact chemical
cues of lower volatility, such as host salivary gland or mandibular gland secretions, host frass,
and cuticular secretions may be involved in locating the host larvae (Vet & Dicke, 1992;
Vinson, 1998, Meiners & Hilker, 2000). In long-range search parasitoids of pests on oilseed
rape, Phradis interstitialis and T. obscurator, use odour induced upwind anemotaxis
(Williams et al., 2007). The plant odour is carried downwind from the host plant and
dispersed due to turbulent diffusion (Murlis et al. 2000). The colour yellow is a strong visual
cue for the parasitoids. In the field, all parasitoid species are attracted to yellow water traps
(Williams et al., 2003). In laboratory olfactometer bioassays, parasitoids attacking pollen
beetle larvae were more attracted to flower yellow than to bud green (Jönsson et al., 2005).
Stimuli arising from the herbivore are most reliable in indicating host presence, suitability and
accessibility. However, they are not easily perceptible over long distances, as herbivores have
developed strategies to avoid their detection (Vet et al., 1991a). Various studies documented
that herbivore-damaged plants were more attractive to parasitoids than the herbivore itself or
its by-products (Turlings et al. 1991a, Geervliet et al. 1994; Potting et al., 1995). Host plants
provide more discernible cues because of their large biomass, however, host-plant volatiles
are far less reliable cues for host location, particularly of endophagous host larvae in the plant
(Potting et al., 1995; Vinson, 1998). Parasitoids may overcome this problem by responding to
special types of plant volatiles induced after herbivory, known as herbivore-induced
synomones, which can differ in quality and quantity from those emitted by intact plants
(Dicke & Sabelis, 1988; Vet & Dicke, 1992; Dicke, 1994). In some plant species, these
volatiles have a unique odour blend whose chemical profile is different from uninfested or
even mechanically damaged plants (Turlings et al., 1991b; Geervliet et al., 1994; Potting et
al., 1995). Several chemical compounds of the volatile blend have been identified as playing a
significant role in parasitoid recruitment by herbivore-injured plants (Du et al. 1998, NgiSong et al. 2000). The main components of the volatile blend released from Brassica plants
are the terpenoids and the green leaf volatiles (Mattiacci et al., 1994; Shiojiri et al., 2001).
They are a major class among herbivore-induced synomones that may attract natural enemies
(Takabayashi et al., 1994; Pichersky & Gershenzon, 2002). Emissions of green leaf volatiles
increase in the headspace of damaged cabbage plants compared to undamaged plants, and
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assist host searching of parasitoids (Mattiacci et al., 1994; Smid et al. 2002). The volatile
breakdown products of glucosinolates, the isothiocyanates, are released when plant tissue is
damaged, e.g. by herbivory (Rask et al., 2000, Hopkins et al., 2009). Field experiments have
shown that the parasitoids T. obscurator, T. fulvipes and Platygaster subuliformis are strongly
attracted to yellow water traps baited with 2-phenylethyl-isothiocyanate (Murchie et al.,
1997a; Ulber & Wedemeyer, 2006).
Plant volatiles are known to comprise a large diversity in terms of chemical composition and
complexity of blends, their changeability in time, and their dependence on rearing conditions
(Jakobsen et al., 1994; Jakobson & Olsen, 1994; Takabayashi et al., 1994; Gouinguené &
Turlings, 2002). Natural enemies may cope with this complexity through experience, and
many volatile blends have been shown to be characteristic for a particular plant-herbivore
complex (Turlings et al. 1990 ; Vet & Groenewold, 1990; Vet et al., 1991a). Experience with
host location and oviposition may result in enhanced response in host location ( McAuslane et
al., 1991; Kester & Barbosa, 1992;). There are various examples in the literature,
demonstrating that experienced females respond faster and exhibit more direct flights to a
host-plant complex than naive females (Drost et al., 1986; McAuslane et al., 1991). These
associations between stimuli and resources can be both innate (Wäckers, 1994) and learnt
(Lewis & Takasu, 1990; Vet & Groenewold, 1990) or of sensitisation to plant and host cues
(Kaiser et al., 1995). Associative learning allows parasitoids to focus on the most reliable cues
(Vet & Groenewold, 1990; Jong & Kaiser, 1991). Furthermore, learning to respond to specific
cues from one plant-host complex can facilitate host-finding when other host-infested plants
emit similar compounds or volatile blends (Geervliet et al., 1997).
Our study has shown that females of T. obscuator are able to discriminate between plants
infested by C. pallidactylus and uninfested plants. In olfactometer tests, uninfested leaves
were more attractive to the parasitoids than clean air, indicating that the plant volatiles of
uninfested plants may be involved in host habitat location. Experience with host-plant cues
significantly increased the probability of the detection of infested leaves by female T.
obscurator, while naive wasps showed no clear preference for infested leaves compared to
uninfested. The Y-olfactometer bioassay demonstrated that olfactory stimuli originating from
the host-plant complex are sufficient cues to differentiate between infested and uninfested
leaves. The parasitoids were attracted to the odour of infested oilseed rape leaves, even when
the host larvae had been removed, while volatiles of the host larva itself did not attract the
wasps. The GC-EAG experiments showed that the volatile blend of infested oilseed rape
plants differed in its quantitative and qualitative composition from uninfested plants; the
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antennae of the specialist parasitoid T. obscurator were able to perceive volatiles released
specifically from infested plants. Twelve of the 19 compounds released by infested oilseed
rape plants elicited antennal responses. Six of them were only emitted by infested plants,
while only six of the 11 compounds emitted from uninfested plants elicited antennal response
by female T. obscurator. Qualitative and quantitative differences between volatile blends of
plants could be important cues for host presence and might be used by parasitoids at host
searching (Gerrvliet et al. 1994, Paré & Tumlinson, 1999).
The GC/MS-EAG analyses demonstrated that female T. obscurator responded to a wide range
of volatile compounds, such as terpenoids, aldehydes and alcohols. The ability to detect a
broad spectrum of plant volatiles is common in hymenopteran parasitoids (Baehrecke et al.,
1989; Li et al., 1992; Smid et al., 2002). It might be favourable for parasitoids to generalize
very similar odours instead of investing too much time to differentiate between several odours
(Meiners et al., 2003). Parasitoids may solve this problem by associative learning, as
described above. Their ability to learn should allow parasitoids to distinguish among plant
volatiles originated from different types of plant damage, which enable them to focus on
volatile cues of their potential host.
The short-range host searching behaviour of female T. obscurator and P. interstitialis,
investigated in dual choice experiment following host location, showed the response to
chemosensory cues of low volatility detected by sensilla on the antennae and on the tip of the
ovipositor: after cleaning of the antennae, head and thorax, legs, abdomen and wings,
searching behaviour by the females consisted of walking along the leaf or buds, respectively,
drumming with their antennae and tapping with their ovipositor into the petiol or buds,
respectively.

Lethal and sublethal effects of insecticides on parasitoids
In addition to lethal effects for insects, insecticide residues can alter their behaviour through
neurotoxic activity. In this study, the toxicity of pesticides on natural enemies was analysed in
the laboratory under standardised conditions. The experiments were performed under worstcase conditions: the test method maximises the availability and persistence of the compound,
and the parasitoids were forced to stay continuously in contact with the insecticide treated
glas surface (Barrett et al., 1994). Although these glass-vial tests did not provide exact
information on insecticide efficacy in the field, they permit a ranking of the relative toxicity
and selectivity of the tested insecticides. The test method applied in the laboratories may
affect the results: the mortality of Phradis spp. on residuals of lambda-cyhalothrin and tau112
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fluvalinate differed considerably when sprayed on oilseed leaf discs or on filter paper. Taufluvalinate was less toxic than lambda-cyhalothrin. Survival of Phradis spp. exposed on
residuals on leaf discs treated with tau-fluvalinate and lambda-cyhalothrin was 17.3% and
14.7% higher than on filter paper, respectively (Jackowski et al., 2009). Due to the different
chemical structure of the active compound, tau-fluvalinate may be less harmful to natural
enemies than lambda-cyhalothrin. The additional aromatic ring allows more rapid
detoxification and results in a lower toxicity to insects (Johnson et al., 2006). Tau-fluvalinate
is used for control of parasitic mites inside honey bee colonies, while the pyrethroid cyfluthrin
and lambda-cyhalothrin are highly toxic to honey bees (Johnson et al., 2006). However, the
initial contact toxicity of the pyrethroids deltamethrin and alphacypermethrin and the
organophosphate fenitrothion to the parasitoid P. morionellus was less than the toxicity of the
organophosphate fenitrothion (Hokkanen et al. 1988).
Sublethal effects of insecticides are defined as physiological or behavioural effects on
individuals, which have survived exposure to the pesticide (Desneux et al., 2007). Sublethal
effects of insecticides may impact fecunditiy, longevity, sex ratio and behaviour through
neurotoxic activity (Delpuech & Meyer, 2003). Host location by parasitoids may be
interrupted by insecticides via masking the attractive plant odour and/or interrupt plant
volatile production and emission. In addition, insecticides may have direct repellent effects on
natural enemies (Thiery & Visser, 1986; Croft, 1990; Nottingham et al., 1991; Haynes, 1988).
Interference with host location by insecticide residuals has been reported repeatedly: exposing
Aphidius rhopalosiphi to residuals of deltamethrin resulted in shorter visit time, grooming
more actively and resting less frequently than parasitoids on insecticide-free plants (Longley
& Jepson, 1996). Females of Diaretiella rapae spent significant less time foraging on plants
sprayed with pirimicarb than on untreated plants, regardless of the presence of aphid hosts
(Umoru et al. 1996). The reduced time spent foraging on the plant may reduce the probability
of successful oviposition encounters with hosts after an insecticide application. Various
studies demonstrated significant differences in the behaviour and distribution of parasitoids
between plants treated with different insecticides, indicating that the insecticides were not
equally avoided: Borgemeister et al. (1993) did not detect avoidance of pirimicarb by the
aphid parasitoid Aphidius rhopalosiphi, but he noted repellent effects of the pyrethroid
fenvalerate and the organophosphate demeton-s-methyl foraging on aphid-free cereal plants.
The aphid parasitoid Aphidius ervi showed disrupted olfactory orientation towards hostinfested plants treated with lambda-cyhalothrin, but not to residuals of deltamethrin (Desneux
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et al., 2004). The modification of searching behaviour by insecticides could interfere with the
reproduction capacity of parasitoids (Komeza et al. 2001).
In literature, only very little information is available which focuses on the influence of
insecticide application on the plant volatile blend. Females of Cotesia plutella preferred
infested cabbage plants treated with syringa extract from Melia azedarach to untreated
infested plants. This was assigned to larger quantities of volatile compounds emitted by
cabbage plants treated with syringa extract (Charleston et al., 2006). Physiological effects of
pesticides on plants have been demonstrated by the greening effect, as well as influences on
hormonal regulation and assimilation of carbon and nitrogen by the fungicide strobilurin
(Venancio et al., 2003).
In our study host location was impaired on insecticide treated leaves. On plants treated with
thiacloprid or tau-fluvalinate, the residence time and the number of females conducting
ovipositor probes into treated plants were reduced. Residuals of lambda-cyhalothrin were not
avoided, but significant less females penetrated in treated plants. The Y-olfactometer
experiment demonstrated that volatiles emitted by sprayed plants induced repellency, while
volatiles emitted from the insecticide itself were not avoided, indicating an interaction
between the plant and the insecticide. In GC/MS analyses, the volatile blends emitted by
untreated and insecticide treated plants differed significantly in their quantitative and
qualitative composition. Volatiles derived from the insecticide itself could not be determined.
Some volatiles which elicited antennal responses in untreated plants were not emitted from
insecticide treated plants. Terpinen-4-ol and Unidentified I were not released after application
of either insecticide, 2-Octanol and Octanal were not emitted following treatment with
lambda-cyhalothrin. Females of T. obscurator responded less to volatiles emitted from
insecticide treated plants than from untreated plants.

Impact of insecticides on parasitism on oilseed rape fields
Three to four insecticide treatments are applied commonly to oilseed rape crops in autumn,
spring and summer (Menzler-Hokkanen et al., 2006). Among these, insecticide treatments
against pollen beetles (Meligethes aeneus), cabbage seedpod weevil (Ceutorhynchus
obstrictus syn. C. assimilis) and brassica pod midge (Dasineura brassicae) fall within the
main period of activity of tersilochine parasitoids found on winter oilseed rape (Alford et al.,
2003; Menzler-Hokkanen et al., 2006; Bürger & Gerowitt, 2009). Adult parasitoids may be
exposed to insecticide sprays (Jepson, 1989) or to residuals when foraging on plant foliage
(Longley & Jepson, 1996) or when feeding on contaminated water droplets and nectar
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(Langley & Stark, 1996). The exposure of nontarget insects to residuals of contact
insecticides is influenced by the persistence and distribution of the chemical compound within
the crop canopy. Studies using fluorescence spray tracers showed that pesticide deposition in
crops of oilseed rape declined from the top of the canopy to the ground level (Goltermann,
1995). The deposition of insecticides in dense crops was only 18% of the applied dose close
to the soil level, whereas 44.5% were deposited down to soil level in thin oilseed rape crops
(Goltermann, 1995). This effect is influenced by application rate, spray volume,
environmental conditions, growth stage and crop density (Cigli & Jepson, 1992). Parasitoids
of stem weevils which are mainly abundant at lower levels of the crop canopy might therefore
be protected from insecticide sprays. Nitzsche (1998) observed a higher abundance of T.
obscurator at the bottom and of T. heterocerus at the top of the crop canopy, which
corresponds with the microhabitat of their host larvae.
The results of the toxicity tests obtained from laboratory experiments can not be transferred to
field situations. The seed weevil parasitoid Trichomalus perfectus changed its dispersal
behaviour following treatment of alphacypermethrin and colonized the treated plots, resulting
in a non-significant reduction in parasitism of C. assimilis larvae (Murchie et al. 1997b). A
rapid re-invasion of treated plots may be due to small experimental plots (Brown, 1989; Cigli
& Jepson, 1992; Jepson, 1989), particularly with insects showing high dispersal ability (Smart
et al. 1989). This “horizontal recruitment” can be influenced by landscape characteristics
(Thies & Tscharntke, 1999; Zaller et al., 2009), pesticide drift into adjacent non-target areas
(Langhof, 2005), plant stage (Winfield, 1963) and availability and distribution of prey
(Waage, 1989).
The effect of lambda-cyhalothrin and tau-fluvalinate on the abundance of adult parasitoids on
oilseed rape crops and the influence on the level of parasitism have been studied in field trials
in Poland (Kukowski 2006). The application of the insecticides caused a significant reduction
of the number of T. fulvipes and T. obscurator. Even two weeks after the treatment with taufluvalinate and lambda-cyhalothrin the total number of adult T. obscurator and T. fulvipes
was reduced by about 39% and 58%, respectively, compared to untreated plots (Klukowski,
2006). When applied following main immigration the number of adult Phradis spp. was
reduced in plots treated with tau-fluvalinate for 3 days and in plots treated with lambdacyhalothrin until the end of their activity period (Klukowski, 2006). Parasitism of M. aeneus
larvae was significantly reduced in plots treated with lambda-cyhalothrin or tau-fluvalinate,
while parasitism of C. assimilis larvae was not affected. The level of parasitism of C.
pallidactylus larvae significantly decreased in one year in plots treated with lambda115

Chapter VI
cyhalothrin or tau-fluvalinate compared to untreated plots. The author supposed that the
constantly higher level of parasitism in untreated plots might be due to a density dependent
host-parasitoid relationship (Klukowski, 2006). Reduced parasitism of cabbage seed weevil
larvae has been observed following application of triazophos at the end of flowering. In
contrast to untreated plots, the level of parasitism was reduced from 64.7% to 11.1% (1993)
and from 51.3% to 28.6% (1994), respectively, while application of alphacypermethrin before
the main immigration of these parasitoids did not reduce parasitism (Murchie et al., 1997).
In this study the level of parasitism of pollen beetle larvae was significantly reduced in plots
treated with thiacloprid and tau-fluvalinate compared to untreated plots, while no significant
effect was found in plots treated with lambda-cyhalothrin. These results fit to the observations
of our laboratory experiments: residuals and volatile blends of thiacloprid and tau-fluvalinate
treated plants were avoided, while treatment with lambda-cyhalothrin did not cause
repellency. The parasitism of stem mining pests was not affected by the tested insecticides,
which might be due to their vertical distribution and activity at the bottom of the crop canopy.
Further, the parasitoid species changed their dispersal behaviour: emigration flights of T.
obscurator and T. fulvipes from the insecticide treated field were more frequent than
immigration flights, whereas in the untreated field immigration flights prevailed over the total
observation period. The dispersal behaviour of P. interstitialis and T. heterocerus could not be
analysed in the field, because only very few individuals were captured in malaise traps. These
species are known to forage on top of the crop canopy which might inhibit their ingress into
malaise traps (Nitzsche, 1998). Parasitoids recolonized the treated field about one week post
treatment. This is in agreement with our results concerning the parasitism of pollen beetle
larvae in plants exposed after insecticide application. The level of parasitism was low during
the first 4 to 5 days after treatment and than increased again.

Strategies for conservation of parasitoids
Conservation of parasitoids from insecticide effects might be achieved by applying selective
insecticide compounds, reduced dose rates and temporal targeting of insecticide sprays.
Apart from the choice of selective insecticides, another approach for increasing the selectivity
of pesticides is to reduce the dose rates (Poehling, 1989; Longley et al., 1997; Booth et al.,
2007). Most studies on the effects of reduced field dose rates on pests and their natural
enemies have been focused on aphids. Various studies have shown that reduced rates of
insecticides can provid sufficient control of aphids, while protecting populations of natural
enemies (Ripper, 1956; Poehling, 1989; Niehoff & Poehling, 1995; Longley et al., 1997;
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Acheampong & Stark, 2004; Booth et al., 2007). When applied at 50% dose rate, taufluvalinate and lambda-cyhalothrin allowed an initially higher survival of 8.8% of Phradis
spp.. However, at 1 and 6.5 hours following exposure to lambda-cyhalothrin or taufluvalinate, respectively, 100% mortality occured (Jackowski et al., 2009).
The higher risk of development resistance to the insecticides may be an argument against
applying reduced dose rates. This is based on the opinion that high dose rates kill sensitive
individuals and therefore minimize built up of resistent genotypes. Resistance may develop
due to changes in the enzyme systems, resulting in more rapid detoxification or sequestration
of the insecticide, or due to mutations at the target site, thereby preventing the insecticidetarget site interaction (Zlotkin, 1999). Reduced risk of resistance formation and of cross
resistance should be achieved by reducing the number of applications, spraying of
recommended field dose rates and mixtures of compounts with different target sites.
In this study, contrary to our expectation, reduced field dose rates did not increase parasitism
as compared to full dose rates. In the laboratory experiments, female T. obscurator responded
similarly to plants treated with thiacloprid at full and 50% reduced dose rates, whereas the
number of penetrating females was lower on leaves treated with full doses of lambdacyhalothrin than on leaves treated with 50% dose rates. Generally, the differences between
levels of parasitism in different treatments were small, which may be due to small plot sizes
and the fast re-colonization by the highly dispersal parasitoids.

Temporal targeting of insecticide application with regard to pest incidence and parasitoid
phenology on oilseed rape might protect the wasps from harmful effects. To avoid killing of
parasitoids, insecticides should be applied outside the period of their main activity. To
determine such spray windows, the use of phenological models could minimize effects on
parasitoids. Various studies have shown that the phenologies of tersilochine parasitoids have a
species-specific sequence (Ulber & Nitzsche, 2006). Females of T. microgaster immigrate in
the early bud stage in March, while T. obscurator, T. fulvipes and T. heterocerus colonize the
crop from mid April onwards (Sedivy, 1983; Nilsson, 2003; Barari et al., 2005). Murchie et
al. (1997b) determined a dissociation between immigration flights of cabbage seed weevil and
its key parasitoid T. perfectus into oilseed rape crops. The pests arrive before the parasitoid,
which provides an opportunity for temporal targeting of insecticides before main migration of
the parasitoids. However, parasitoids are active over a long period during spring and summer
which might coincide with pest control.
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In the current study no significant differences occured between plots treated at early flowering
or late flowering. Insecticide application in the early bud stage could not be tested, because
this would have resulted in very low numbers of stem weevil larvae and pollen beetle larvae,
thereby preventing studies on effects of insecticides on parasitism.
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Summary
Lethal and sublethal effects of insecticides on mortality, migration and host searching
behaviour of tersilochine parasitoids on winter oilseed rape
Oilseed rape (Brassica napus L.) is attacked by a wide range of economically important insect
pests. Current control practices are mainly based on broad spectrum insecticides that are often
applied routinely and without regard to pest control thresholds. The extensive usage of
insecticides might have strong negative impact on natural enemies. Almost all pest species on
oilseed rape are parasitized by specialist larval endoparasitoids which are mainly active in the
late bud stage up to the end of flowering. Insecticides applied during this period for control of
pollen beetle, cabbage seed weevil and brassica pod midge could negatively affect these
beneficial parasitoids.

The effects of two contact pyrethroids (tau-fluvalinate, lambda-cyhalothrin) and a systemic
neonicotinoid (thiacloprid) on parasitism of larvae of Meligethes aeneus, Ceutorhynchus napi
and C. pallidactylus were investigated in field experiments in the years 2006 to 2008. The
insecticides were applied at full recommended field dose rates and reduced rates (50%), either
at the beginning or the end of flowering. Additionally, potted plants infested with pollen
beetle larvae were exposed in the plots at various intervals post treatment. Further, the vertical
distribution and migration of adult parasitoids in the canopy of treated and untreated plots of
oilseed rape were observed. In laboratory experiments, the toxicity of the insecticides to
parasitoids attacking pollen beetle larvae, Phradis interstitialis and Tersilochus heterocerus,
was determined in glass-vial tests. The role of volatiles emitted from uninfested plants and
from plants infested by larvae of C. pallidactylus, as well as the volatile blend emitted from
insecticide-treated infested plants, were analysed in behavioural and electrophysiological
(EAG-GC/MS) bioassays, using female Tersilochus obscurator as test insects.

In the GC-EAG experiments the volatile blend emitted from infested oilseed rape was
different from the volatiles of uninfested plants; the parasitoids were able to discriminate
between volatiles emitted from infested and uninfested plants. Dual-choice tests demonstrated
that previous experience with host-plants significantly increased the probability of host
detection by female T. obscurator. In Y-olfactometer assays, the wasps were differently
attracted to volatiles of undamaged oilseed rape plants compared to clean air and infested
plants, even when the host larvae were removed. The isolated host larvae were not attractive.
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Foraging females of T. obscurator avoided infested plants with fresh dried residuals of
thiacloprid; three and six days old residuals had no repellent effect. Residuals of lambdacyhalothrin had no effect on the residence time on sprayed leaves as compared to untreated
leaves. However, oviposition of females in infested treated leaves was reduced by both
insecticides compared to infested untreated leaves. Similar effects were found with P.
interstitialis, the parasitoid attacking pollen beetle larvae. Females spent less time foraging on
buds treated with thiacloprid and tau-fluvalinate as compared to untreated buds. On buds
treated with lambda-cyhalothrin the residence time was not reduced.

In the Y-olfactometer bioassay T. obscurator avoided the volatile blend emitted from leaves
treated with thiacloprid. The insecticide odour itself had not effect on the choice of
parasitoids. Volatiles emitted from leaves treated with lambda-cyhalothrin had no repellent
effect on T. obscurator. The composition of the volatile blends emitted from plants treated
with thiacloprid or lambda-cyhalothrin differed from the volatile blend of untreated oilseed
rape plants. Several volatiles of untreated plants which elicited antennal responses were not
detected in insecticide treated plants. The toxicity of the tested insecticides to P. interstitialis
and T. heterocerus declined in the sequence lambda-cyhalothrin, tau-fluvalinate and
thiacloprid.

In the field experiments, the application of thiacloprid and tau-fluvalinate significantly
reduced the level of parasitism of pollen beetle larvae compared to untreated plots. Treatment
with lambda-cyhalothrin had no significant effect. Measures targeted to reduce side effects of
insecticides on parasitoids, such as reduced-rate insecticide application and spraying before
main immigration of parasitoids into the crop, did not significantly alter the level of
parasitism as compared to full-rate application or late spraying during full-flowering. The
parasitism of artificially exposed M. aeneus larvae up to 4 to 5 days post treatment was on a
low level and than increased again. The level of parasitism of stem-mining larvae was not
significantly different between insecticide-treated and untreated plants. Parasitoids of pollen
beetle larvae were mainly active at the top of the crop canopy, while parasitoids of stem
weevil larvae mainly foraged close to the ground level, where they might have been protected
from the insecticide sprays. Adult parasitoids responded to insecticide application by
changing their dispersal behaviour. They emigrated from the treated field and recolonized it
one week post treatment.

125

Summary
In conclusion, this study demonstrated that the volatile blends emitted from uninfested and
infested oilseed rape plants, as well as insecticide-treated and untreated plants, differed
qualitatively and quantitatively. Parasitoids were able to perceive the differences between
blends. Previous experience of females increased the ability to discriminate between volatile
blends. The tested insecticides induced repellency which influenced the parasitism and
migration behaviour of parasitoids. Within crops of oilseed rape, parasitoids may be protected
from insecticides due to behavioural refuges. The choice of a selective active ingredient was
more effective for conservation of natural biocontrol by parasitoids than the application of
half-dose rates or the early timing of insecticide application.
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