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1 1 
INTRODUCTION,, SUMMARY A N D OUTLINE OF THIS 
THESIS S 

Inducedd indirect defense 
Plantss defend themselves against herbivorous arthropods in two essentially different 
ways.. One is termed direct plant defense. It involves toxins, digestion inhibitors, sticky 
glandularr hairs, spines, tough cuticles, thigmotactic leaf-folding, etc. Attack is often the 
bestt defense and this also holds for plants. Apart from rare cases of carnivory, plants do 
nott actively attack, but acquire co-operation of predators and parasitoids in their battle 
againstt herbivorous arthropods. This second mode of plant protection is termed indirect 
plantt defense. It involves promoting the effectiveness of the herbivores' predators (Price 
etet ah, 1980) by creating protective structures (domatia), providing food (pollen, nectar) 
andd by releasing volatile chemicals which betray the presence of herbivores (Dicke and 
Sabelis,, 1988; Sabelis et al, I999ab). The latter chemical cues, the ecological significance 
off  which form the main subject of this thesis, are released after herbivore attack and are 
furtherr referred to as herbivore-m^uc^plant volatiles (HIPV). 

Thiss thesis 
Manyy studies on HIPV were carried out in the laboratory. They were based on the 
assumptionn that the system under study is essentially tritrophic: plants, the first trophic 
level,, are attacked by herbivores, the second trophic level, which — in turn - are attacked 
byy carnivores, the third trophic level. The hypothesis under test was that, when attacked 
byy herbivores, plants attract carnivores by releasing HIPV. The first aim of the work 
presentedd in this thesis is to test the indirect defence hypothesis under field conditions. 
Basedd on earlier experience (Van der Blom et al, 1985), I selected a particular tritrophic 
systemm consisting of pear trees, pear psyllids and predatory anthocorids (Box l) . This 
systemm has specific features that make it very suitable to study the role of HIPV. In 
springg the pear orchard is virtually free of predatory anthocorids, which feed on prey or 
pollenn elsewhere. In early summer the psyllids increase in numbers, followed by 
immigrationn of anthocorids. The timing of this immigration appeared to be decisive for 
thee effectiveness of pest control by these predators. This observation prompted me to 
investigatee the factors determining when anthocorids decide to move into pear orchards. 
Inn particular, I investigated the role of HIPV in attracting and/or arresting anthocorids. 

Beforee setting up the field experiments, however, a number of laboratory studies had 
too be done. First, using a Y-tube olfactometer (Sabelis and Van de Baan, 1983), I assessed 
whetherr anthocorids respond specifically to odours from pear leaves infested by psyllids 
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(Drukkerr and Sabelis, 1990). Second, the volatile substances from P^Z/a-attacked and 
unattackedd plants was sampled and analysed, and the response of predators to these 
substancess was studied (Scutareanu et ai, 1997; Chapter 2). In this way we established 
laboratoryy evidence for the effect of HIPV on the behaviour of predatory anthocorids, as 
donee earlier for predatory mites (Dicke et ai, 1990a, b). Subsequently, we showed by 
cross-correlationn analysis that the numerical response of predatory anthocorids to the 
densityy of psyllids in the pear orchards is caused by immigration and subsequent 
reproductionn (Scutareanu et ai, 1999; Chapter 3). Finally, we carried out experiments in 
pearr orchards to establish the role of HIPV in attracting predatory anthocorids (Drukker 
etal,etal, 1995; Chapter 4). 

Boxx I 

Thee system 

Thee first trophic level, the pear tree, is a well-known producer of plant volatiles 
(Mille rr et ai, 1989), a phenomenon which wil l be confirmed by anyone who has 
everr passed through a pear grove in mid-summer. The second trophic level 
consistss of the pear psyllid Psylla pyri (L.) and its sibling species P. pyricola 
(Forster),, also called "pear suckers" as they are phloem-sucking insects 
comparablee to aphids. The 5 nymphal stages are the most damaging agents to 
plants.. They are sessile and immerge themselves in their own honeydew and wax 
exudates.. These are also the substrate of the black sooty mould that intercepts 
light,, inhibits photosynthesis and, most importantly, causes cosmetic damage to 
thee pears. The adults are very mobile and virtually unseizable for any predator 
duringg ambulatory search. Not only can they hop over several meters, as they 
belongg to the "jumping plant lice", they also fly, and a mere touch of the leaves by 
thee wind is enough for an adult psyllid to continue ovipositing 10 meters further 
onn (or end up in a spider web). Pear psyllids caused great economic damage in the 
earlyy eighties, when a wide range of broad-spectrum insecticides was used 
frequentlyy to control insect pests. They are a classical example of a secondary 
pest,, caused by elimination of the predatory fauna due to excessive pesticide use, 
parallell  to development of resistance of the pest (Van der Blom et al. 1985). Before 
thee introduction of these pesticides the insect was never considered a serious pest 
(Vann Frankenhuizen and Freriks 1972, Overmeer, 1961). In North America where 
P.P. pyricola was accidentally introduced in 1833, the pest has led to dramatic crop 
lossess also due to absence of natural enemies (Slingerland, 1892). 

Thee third trophic level, the anthocorid bugs, are highly mobile, multivoltine 
predators.. Most species have a wide range of prey. Anthocoris nemorum (L.) has 
beenn reported to feed on aphids, whiteflies, psyllids, mites and even lepidopteran 
eggss and larvae, while A. nemoralis (Fabricius) can be found feeding on several 
speciess of psyllids and one species of aphid (Phorodon humuli) (Anderson, 1962; 
Dixonn and Russell, 1972; Lauenstein, 1977; Campbell, 1977; Ekbom, 1981; 
Hodgsonn and Aveling, 1988). 



INTRODUCTION,, SUMMARY A N D OUTLINE OF THIS THESIS 9 9 

Ass this system was studied in more depth, I realized that odour blends from herbivore-
infestedd plants are far from uniform {Chapter 2, this Thesis; Scutareanu et al, 1997, but 
seee also Takabayashi et al, 1994). For example, the HIPV of pear trees and other plants 
mayy vary with cultivar, rootstock, time of the year (season) and leaf age (Chapter 2). 
Moreover,, plants produce different blends of HIPV depending on the herbivore species 
(Dickee etal, 1988; Dicke, 1999; DeMoraes et al, 1998) and the same species of herbivore 
mayy induce different blends of volatiles on different species of plants (Takabayashi et al, 
1991;; Dicke, 1999). However, odour blends from different plants and herbivore 
combinationn may also share components (compare e.g. Takabayashi et al, 1991 and 
McCalll  et al, 1994). Finally, not only plants under herbivore-attack produce HIPV, but 
alsoo the plants exposed to the odours from attacked plants (Bruin et al, 1992). All this 
showss that predatory arthropods face an overwhelming variety of chemical information, 
andd it is difficult to see that they can cope with it solely by an innate repertoire of 
responses.. Hence, I suspected an ability of predatory arthropods to learn the association 
betweenn HIPV and herbivore prey. This hypothesis was tested for the case of anthocorids 
(Drukkerr et al, 2000b; Chapter 5). Since an ability to learn by association was not yet 
shownn for any predatory arthropod, it was a challenge to test this hypothesis also for 
anotherr group of predators shown to respond to HIPV. This was done for the case of 
predatoryy mites (Drukker et al, 2000a; Chapter 6). 

Inn the last chapter a review is presented of the ecological significance of HIPV. The 
significancee in the field, the effects of variability of the signal, how predators cope with 
thiss variability, the risks of responses by non-beneficial arthropods, and the net benefit of 
producingg HIPV for plants. Finally, the practical perspectives for HIPV in crop 
protectionn are discussed. 
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