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Propositions

1. We often think about insecticides as the only chemical control measures that strongly interfere with
biological control agents. However, fungicides and herbicides also may have a strongly negative
influence on natural enemies.
Hassan el al. 1991. Results of the fifth loint Pesticide Testing Programme aimed out by the IOBC Working
Group "Pesticides and Beneficial Organisms". Entomophaga 36:55-67.
This thesis
2. It would be a mistake to believe that biological control is not an effective management tool if it does
not completely control a pest on all affected crops.
K. A. Hoelmer. 1996. Whitefly parasitoids: Can they control field populations of Bemisia! In: Bemisia 1995:
taxonomy, biology, damage control and management. D.Gerling &R. T. Mayer (eds.) Intercept, Andover.
This diesis
3. Biological pest control is not a panacea and is not always effective on its own. It must, therefore,
often be integrated with other pest control techniques in integrated management programmes.
D. J. Greathead. 1991. Biological control in the tropics: present opportunities and future prospects. Insect
Science and itsApplication 12(1/2/3): 3-8.
This thesis
4. Farmers' knowledge should be used more often to develop integrated or biological pest control
programmes in order to prevent unnecessary research.
This thesis
5. In developing countries, the bias towards biotechnological research is draining the very limited
funding from critically needed basic biological work and its application.
M. J. Way & H. F. van Emden. 2000. Integrated pest management in practice - pathways towards successful
application. Cropprotection 19:81-103.
6. Amitus fuscipennis is a fast walking parasitoid but, "more haste, less speed". August Caesar 63 BC.
Bartlett, J. 1968.Familiar Quotations. 5m edition. Lowe & Brydone, London, p. 124.
This diesis
7. As Wageningen University is developing into an international university, it should be a rule that all
Ph.D. candidates defend their thesis in the international scientific language: English.
8. To write down a thesis is not an easy task. Even Gabriel Garcia Marquez realized after publishing
"One Hundred Years of Solitude", that he wrote 42 contradictions and 6 big grammatical mistakes.
Garcia Marquez, Gabriel. 1987.Cien Anos de Soledad, 4a. edicion , .1. Josel (ed), Ediciones Catedra, Madrid, p.
52.
9. A one-half cup of Colombian cooked beans contains 131 calories, less than 1-g fat, 8.5-g protein,
10-g liber and measureless hours of intensive, risky and badly paid farmer labor.

Propositions with the thesis "Evaluation of Amitus fuscipennis as biological control agent of
Trialeurodes vaporariorum on bean in Colombia" by Maria R.Manzano.
Wageningen, October 30 2000.
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Chapter 1

The research described in this thesis concerns the study of a natural enemy of whiteflies, Amitus
fuscipennis MacGown &Nebeker under Colombian field andlaboratory conditions. Thegeneral aimof
this research project is to study whether biological control of whiteflies with A. fuscipennis can be
addedtotheintegratedcontrolprogramfor bean (Prada et al., 1993).First I willprovide data about the
pest, thegreenhouse whitefly Trialeurodesvaporariorum (Westwood), and its natural enemies. Then I
willdescribetheaims ofmyPh.D.project inmoredetail.

Thegreenhouse whitefly

The greenhouse whitefly Trialeurodes vaporariorum (Westwood) was first described by Westwood in
1856 from individual insects found on presumably imported living plants or in the packings of
Orchidaceae imported into England from Mexico (Mound and Halsey, 1978). Although Brazil or
Mexicois alikely possibility, the specie's origins arenot definitely established (Vet et al., 1980). The
whitefly is polyphagous and has been recorded on about 898 plant species from 121 families and 469
genera (Xu et al., 1988). In many areas, it is a major glasshouse pest (Dowell, 1990), but it also
attacks outdoor plants intemperate andsub-tropical regions (Martin, 1985),andinthetropics (Cardona
andKarel, 1990).
Among the more important hosts are many vegetables (members of the Solanaceae,
Cucurbitaceae), beans (Leguminosae), and ornamentals. T. vaporariorum has six life stages: the egg,
the first nymphal instar (first as crawler, later sessile), two sessile nymphal instars (second- and thirdinstar nymphs), a sessile "pupa" (fourth instar), and the adult (Gill, 1990; van Roermund and van
Lenteren, 1992). Crop damage is caused partially by adult and immature whiteflies sucking nutrients
from theplant and reducing crop productivity. Besides, whiteflies excrete large quantities of honeydew
onleaves,fruits andflowers, which favor the development of sooty moulds that, intheir turn, cover leaf
surfaces, reduce photosynthesis and results in cosmetic damage of fruit and flowers (van Roermund,
1995). Additionally some whitefly species transmit viral diseases (van Roermund, 1995). Extensive
reviews about T. vaporariorum can be found in van Lenteren and Noldus (1990) and, van Roermund
andvanLenteren (1992).

Thenatural enemies of whiteflies

Thepopulation growthrate of Trialeurodes vaporariorum is exponential as long as host plants remain
in good physiological condition and temperatures are favorable (van Lenteren and Noldus, 1990). In
natural ecosystems and agro-ecosystems where pesticides are either selectively or not used, several
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natural enemies keep the whiteflies at low numbers, as illustrated by two cropping systems: one of
tomato, inthe 1960s in California, and theother of cotton, from 1925 onwards in Sudan (van Lenteren
et al, 1996). But under extensive pesticide use, natural enemies were killed and whiteflies frequently
reachedpest status.
Thethreemaingroups ofthewhitefly's natural enemies are:

1. Fungi:from thegeneraAschersonia, Verticillium,Beauveriaand Paeciilomyces.
2. Predators from the families Coccinellidae (Coleoptera); Cecidomyidae and Drosophilidae
(Diptera); Chrysopidae and Hemerobiidae (Neuroptera); Anthocoridae and Miridae
(Heteroptera).
3. Parasitoids fromthefamilies Aphelinidae,Eulophidae, andPlatygasteridae (Hymenoptera).

Fungi. Entomopathogenic fungi infest their aleyrodid hosts by penetrating the cuticle after the
conidiospores germinate. Subsequently, various fungal structures are produced, which circulate in the
haemolymph, invading the insect's organs and probably producing lethal toxins (Fransen, 1990). One
major limitation of entomopathogenic fungi as biological control agentis their need for highhumidity to
germinate and infect the host (Lacey et al, 1995). Another limitation comprises the restrictions placed
ontheuseof so-called exoticstrains that couldharmnon-target organisms (Lacey etal, 1995).
Two categories of fungi that attack whitefly can be distinguished: fungi specialized on
AleyrodidaelikeAschersonia spp and Conidiobolus spp (Fransen, 1990; Gidin and Ben Ze'ev, 1994),
and"broad-spectrum fungi", containing various generalikeBeauveria, Verticillium,andPaecilomyces,
whichcaninfect insectsbelongingtodifferent orders.
Aschersonia fungi have an essentially tropical and sub-tropical distribution. They have been
successfully applied and established to control whiteflies on citrus and additionally, they have been
tested against the greenhouse whitefly in glasshouses of Central and EasternEurope and some Oriental
countries (Fransen, 1990). Aschersonia isolates may kill up to 90% of T. vaporariorum and Bemisia
argentifolii Bellows & Perring at greenhouse experimental conditions (Meekes, personal
communication). Althoughthefungi's biological and physical properties indicatepositive features, they
havenot yetbeen developed into formulated biological control products (Fransen, 1990). Aschersonia
spp equally attackedT. vaporariorum and B. argentifolii and caused the same mortality levels for both
whitefly species (Meekes et al., 1996). Infact, each fungus that is introduced to control Bemisia, will
almost certainly affect T. vaporariorum.
Most research has been done on Beauveria, Paecilomyces and Verticillium because they are
broad-spectrum fungi, and therefore, more attractive for commercial production Verticillium lecanii
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(Zimm) Viegas seems promising for controlling greenhouse whitefly, although an effective infection
requireshighrelativehumidity but moderatetemperatures (Ekbom, 1979). Paecilomycesfumosoroseus
var. beijingesis attacks T. vaporariorum on glasshouse cucumbers at moderate temperatures and high
relativehumidity (Fransen, 1990).
So far Aschersonia is more difficult to produce commercially than the other fungi. It takes 14
days to mass-produce Aschersonia spp spores, whereas it only takes 5 days to produce millions of
Beauveriaspores. Usingfungi tocontrol insects is not only a question of using the best fungus species,
but alsoaquestionofusingthebest commercial formulation (E.Meekes,personal communication).
Whenreporting these fungi's interactions with other natural enemies, Fransen (1990) observed
that populations of the parasitoid Encarsia formosa Gahan survived treatments with Aschersonia
aleyrodisWebber and adult parasitoids did not become infected. Encarsiaformosa females may even
help withfungal transmission by probing infested hosts, carrying fungal structures on their ovipositors
and injecting uninfested hosts. Vargas et al, (1995) reported that A. aleyrodis was innocuous to E.
formosa and was found to be neither in competition nor in association with the parasitoid. V.lecanii
did not directly infect the parasitoid Amitus fuscipennis when they were tested together on T.
vaporariorum,but thefungus seemedto decreasetheparasitoid's parasitic activity (Pach6n and Cotes,
1997).
Currently 5. bassiana is commercially the most interesting species for whitefly control and is
soldas Botanigard or Naturalis.

Predators. Several polyphagous predators have been recorded as enemies of the greenhouse whitefly
(Vet et al, 1980) but not much has been published about their use as biological control agents. The
question arises as to their efficiency in reducing and controlling whitefly populations (Gerling, 1990).
None of the examined predator species in the families Coccinellidae, Chrysopidae, Hemerobiidae,
Anthocoridae, andmost Miridae are ableto maintain the greenhouse whitefly numbers below damaging
levels when acting alone (Onillon, 1990). Only some of the predatory mirid species belonging to the
generaMacrolophus andDicyphus couldreduce whitefly populations to low densities (Onillon, 1990).
Their polyphagy allows them to feed on other prey when whitefly densities are low, which might be
advantageous (Onillon, 1990).

Parasitoids. Based on the present knowledge of the control capacity of different categories of natural
enemies of whiteflies, parasitoids still have the best potential for obtaining long-term control through
inoculativeor seasonal inoculativereleases (Gerling, 1990).
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Whitefly parasitoids belong to the families Eulophidae, Aphelinidae, and Platygasteridae. The
only whitefly parasitoid genus in Eulophidae is Euderomphale. Parasitoid genera in Aphelinidae
compriseAzotus, Cales,Encarsia, and Eretmocerusbut only thelast two parasitize T. vaporariorum.
The parasitoid genus Amitus from the Platygasteridae also parasitizes whiteflies. The genera Encarsia
and Eretmocerus have been studied and used much more than has been Amitus (van Lenteren et al.,
1997).

Biologicalcontrol of whitefly

Aphelinidparasitoids. Several aphelinid species are important regulators of pest populations and are
sometimes and successfully used in biological and integrated control. Aphelinid parasitoids of the
greenhouse whitefly are described by van Lenteren et al., (1997). Both the biological control of
whiteflies and the integration of the whitefly parasitoids into pest management programs have been
highly successful on evergreen perennials such as citrus (Dowell, 1990). The aphelinids Encarsia
opulenta Silvestri, E. clypealis Silvestri, and the platygasterid Amitus hesperidium Silvestri were
released in 1976 (Hart et al, 1978) to control the citrus blackfly (Aleurocanthus woglumi Ashby),
achieving outstanding successby 1978 (DeBach and Rosen, 1991).
An IPM program was developed with E.formosa to control T. vaporariorum on glasshouse
tomato (vanLenteren and Woets, 1988). Theprogram's success was suchthat theparasitoid was also
usedtoprotect glasshousecrops of cucumber andpoinsettia (Dowell, 1990). Theprogram's technology
has now extended to more than 20 countries of the 35 countries with a glasshouse industry (van
Lenteren et al., 1996), wherethis parasitoid is mass-reared and used to control greenhouse whitefly on
various vegetablecrops and someornamentals. Thetechnology's success was aresult ofbasic research
ontherelationships amongE.formosa, greenhousewhitefly, andhostplants, including work onhow the
parasitoid locates and attacks its hosts andhow glasshouse climate and plant architecture can influence
thehost finding behavior andparasitization efficiency (van Lenteren et al, 1996). An individual based
simulation model, integrating elements of the local searching and parasitization behavior of individual
E.formosa parasitoids in a greenhouse-whitefly infested tomato-crop was developed by van Roermund
(1995).This model assisted inidentifying causes for failure or success ofbiological control.

Platygasterid parasitoids.

Because parasitoids of the Amitus genus belong to the less studied

Platygasteridae, a more extensive review on this family is presented here. Most platygasterids are
known as parasitoids of gall midges (Diptera: Cecidomyiidae), but some genera specialize in other
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groups ofinsectsliketheColeopterous families Curculionidae andCerambycidae, andthe Homopterous
families PseudococcidaeandAleyrodidae(Vlug, 1995).
The genus Amitus Haldeman has worldwide distribution except for New Zealand and an
uncertain status inAustralia (Masner and Huggert, 1989). SomeAmitus species are near cosmopolitan
in distribution (Masner and Huggert, 1989). Although about 20 Amitus species have been described,
the host species for only about 18 are known (Table 1). The list shows that A. fuscipennis has been
recorded so far as being the onlyAmitus parasitoid specializing in T. vaporariorum. The host range
maybewider,however, asthisparasitoid has notbeenwell studied.

Morphologyandbiology ofPUttygasteridae

Female platygasterids are small, black, robust wasps, between 0.8 and 0.9 mm long, with a swollen
thorax andforewings withmarginal and stigmal veins absent. Males canbedistinguished from females
by their antennae, as occurs inother parasitoids. Male antennae are filiform, whereas female antennae
have 10 segments, including a 3-segmented club. Scanning electron microscopy reveals that the outer
side of the fourth antennal segment in males has a paddle-like or plate-like process, which may have a
mechanical function (MacGown and Nebeker, 1978) or it may have a gland to release sexual
pheromones (Isidoro andBin, 1995).
Medina et al., (1994) described that theplatygasterid A. fuscipennis has seven life stages: the
egg; the first, second, and third larval stages; the pre-pupa; the pupa; and the adult. The egg is oval
(0.089 x 0.02 mminsize),translucid, andnarrow at oneextreme, forming apedicel. The first instar is
transparent, apodous, curved, and highly mobile. It has 12 segments, the last one being narrow and
pointed. Thesecondinstar is sessile, thick (0.46 x 0.23 mm), andunsegmented, with its mouth opening
inthe middleof theprosoma. The third instar (0.51 x 0.25 mm) is quiescent and the anal opening is
visible. Theprosoma presents twolateral processes closeto themouth opening. At this stage, thehost
is whiter than a normal unparasitized nymph is and, under the stereoscope, the developing parasitoid
canbeobserved.
Thepre-pupa istranslucid, 0.63 x 0.28 mminsize, andpresents constrictions atpro-,
meso-, and meta-somas. The thorax is swollen and curves dorsally. As the parasitoid changes from
larva to pupa, thehost's color changes from white to light brown. The pupa, 0.78 x 0.37 mmin size,
presents averywelldefined head, thorax, andabdomen, andis exarate. Initially, ithas a gelatinous
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consistency and is colorless but later it becomes dark, except for the antennae and legs, which remain
colorless. When the formation of the pupa starts, two brown lateral dorsal spots on the host begin
growing into two lateral lines. When the pupa is completely pigmented, the whitefly nymph is gray.
Theparasitoid emerges from theparasitized whitefly nymphby making a small round hole, 0.29 mmin
diameter, withits mouth.
Most studies on the Amj'to-whitefly relationships have been conducted with A. hesperidium,
parasitoid of thecitrus blackfly (CBF,Aleurocanthus woglumi), but only a few dealt withthis specie's
life history (Flanders, 1969) and searching and ovipositional behavior (Dowell et al., 1981). The life
cycleof A. hesperidium is markedly influenced by that of its blackfly host. The parasitoid apparently
pupates only after the host attains an advanced stage, which may be delayed until the rainy season
(Flanders, 1969). During host searching, A. hesperidium moves randomly about the leaf on first
arrivinguntilitencounters theleaf margin. Itthenfollows themargintothemid-veinat oneortheother
end of theleaf. Oncehosts are found, the walking pattern changes to short walks with several turns.
Females prefer first-instar hosts and can distinguish hosts already parasitized by conspecific females
(Dowelletal., 1981).
Viggiani and Battaglia (1983) observed that antennal contact plays an important part in
courtship and mating behavior of both Amitus rugosus Viggiani & Mazzone and A. vesuvianus
Viggiani & Mazzone. After copulation, the female of A. vesuvianus strokes the substrate with her
antennae and moves slowly forwards, whereupon the male dismounts. In contrast, A. rugosus females
remain stationary. Other biological aspects of A. hesperidium and the few known data about A.
fuscipennis andA. longicornis (Forster) arepresentedlater inthis chapter.

WhiteflycontrolbyAmitus spp

Authors studying control of Aleyrodidae by Amitus found that the parasitoid's field performance
improved in combination with Encarsia opulenta (Hart et al, 1978; Dowell et al., 1979; Cherry and
Pastor, 1980; Meyerdirk et al, 1980; Selhime, 1980; Nguyen et al, 1983; French et al., 1990; AlMjeni andSankaran, 1991;Meagher etal, 1991;Tsai and Steinberg, 1992).
Smith et al., (1964) found that, A. hesperidium was the only parasitoid to attack the citrus
whitefly in Pakistan where, in some areas, parasitism'had reached 90%. In India, A. hesperidium was
well distributed and parasitized between 30% and 70% of A. woglumi larvae, although, in general, it
appeared muchlesseffective thanEncarsia clypealis (Smithetal, 1964).A. hesperidium, E. opulenta,
and E. clypealis have been part of outstandingly successful biological control projects against A.
woglumioncitrus (DeBach &Rosen, 1991). Allthreeparasitoids became established in Mexico in the
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1950 spring after the release of adults reared from A. woglumipupae collected in India and Pakistan.
Of these parasitoids, A. hesperidium was the most generally pro-ovigenic, that is, with a type of
reproduction that enabled it to reproduce at a remarkably rapid rate at high host densities (Flanders,
1969).
The environmental conditions at that time—very high humidity and temperatures—produced
high instar mortality (Flanders, 1969). Even though, Flanders (1969) suggested that A. hesperidium
cannot efficiently locateits hosts atlow hostpopulationlevels. This may explain whybothE. opulenta
and E. clypealis replaced it. Full-fed larvae and pupae of A. hesperidium even serve as hosts for the
Encarsia males (Flanders, 1969). Later, in one Mexican area, E. clypealis and A. hesperidium were
observedto occur together, withparasitismby theformer being at 90%, and by thelatter at 5% or less
(Flanders, 1969). Despite the intensity of competition between these three species, host population
regulation was enhanced (DeBach and Rosen, 1991).
Besides high rates of oviposition at high host densities, A. hesperidium can readily disperse,
travelling up to 3.7 km within 6to 7 months after release (Selhimeet al., 1982). The CBF invaded the
Lower Rio Grande Valley, Texas, in 1971 and, because eradication failed, the U.S. Department of
Agriculture started a biological control project (DeBach and Rosen, 1991). E. opulenta, A.
hesperidium, and E. clypealis were introduced from Mexico and established in 1974/75. A general
decline of CBF occurred before 1978 (Hart, 1978) and, later, surveys indicated complete biological
control of CBF in the area (Summy et al, 1983). Results of extensive parasitoid surveys, conducted
between 1977-1982, showed widespread distribution of E. opulenta and extreme scarcity or absenceof
E. clypealis and A. hesperidium in most populations (Summy et al, 1983). This outcome suggests
competitive displacement of these species by E. opulenta (Summy et al, 1983). Nevertheless, the
overall effect was ahighly successful biological control project.
In 1976, an infestation of CBF was discovered in Florida and, again, chemical eradication
programs failed. A. hesperidium and E. opulenta were therefore released and they became well
established. Seven months later, 100% of pupae of A. woglumi were parasitized at some release sites
(Hart et al, 1978), reducing infestation by 98%within 8 months, that is, to a level of one infested leaf
per citrus grove (Dowell et al, 1979). This spectacular decline of CBF is credited largely to A.
hesperidium (Hart, 1978; Hart et al, 1978), although E. opulenta increased gradually and has now
become the predominant parasitoid in low-density host populations (Selhime, 1980; Dowell et al,
1981).
E. clypealiswasreleased insmallnumbers inFlorida, but it neverbecameestablished (DeBach
and Rosen, 1991) and, although poorly competitive, it appeared not to have detracted in any way from
the excellent overall biocontrol results (Summy et al, 1983; DeBach and Rosen, 1991). Recently, A.
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hesperidium and E. opulenta were released in the Caribbean island of Dominica to control CBF
(Martin, 1999).
In a different biological control project of A. woglumi and Aleurothrixus floccosus Maskell
(woolly whitefly) in Mexico, A. hesperidium, Encarsia sp., and Eretmocerus serins Silvestri were
released in areas where levels of parasitism were low (Garza, 1979). A later survey showed average
levels ofA. woglumiparasitism of 73.9%, of which 52.0% was attributable to Encarsia sp., 20.5% to
A. hesperidium, and 1.6% to E. serius. For A. floccosus, average parasitism was 67.0% of which
35.5% was attributable to E. serius and 31.5% to A. hesperidium (Garza, 1979). To biologically
controlA. floccosus on citrus, other Amitus species likeA. spiniferus (Brethes), imported from Mexico
andreleasedinCalifornia (Koch, 1977;Meyerdirketal, 1980) wereused.
After repetitive releases of these and other parasitoid species like Cales noacki DeSantis and
two new species of Eretmocerus, the whitefly population was greatly reduced (DeBach and Rose,
1976). In some areas, complete biological control was achieved in the initial colonization sites within
twogrowing seasons (DeBach and Rosen, 1991). Parasitoids, particularly A. spiniferus and C.noacki
(imported from Chile), wereestimated toreduce, in certain areas, woolly whitefly populations by more
than 95% of the original peak populations (DeBach and Rose, 1976). On demonstration trees, which
were kept free of interference from ants, dust, insecticides, and isolation, reductions of 99.9% were
measured (DeBach and Rose, 1976). Bothparasitoid species proved particularly effective in reducing
whitefly populations and maintaining them at very low levels (DeBach and Rosen, 1991). These
programs in California were such outstanding examples of modern biological control (DeBach and
Rosen, 1991) that Cales and Amitus adults were collected from field study sites in California and
released on infested citrus trees in Spain and France where they succeeded in controlling the woolly
whitefly (DeBach and Rosen, 1991).
Also for citrus, Amitus longicornis (Forster) has been recorded as a parasitoid of
Aleurocanthus spiniferus (Quaintance), a common pest of oranges in China (Li, 1993). Besides
orchards, Amitus spp. can also be found on sugar cane crops infested with whiteflies. Both Encarsia
flava (Shafee) andAmitus sp.parasitizeAleurolobus barodensis (Maskell) on sugar cane (Inayatullah,
1984). In an Indian crop survey, Amitus sp. was the most abundant parasitoid, representing 1125
individuals of atotal 1281insects sampled, includingEncarsia spp.,Azotus spp, andEuderomphale sp.
(Tiwari etal, 1978).
Whilesampling for parasitoids ofthesweetpotato whitefly, Bemisia tabaci (Gennadius) andT.
vaporariorum on some outdoor crops in Costa Rica it was found that unidentified Amitus species
parasitized both whitefly species (Hanson et al, 1993). Amitus bennetti Viggiani & Evans (Drost et
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al., 1999; Joyce et al., 1999; Drost et al., 2000; Joyce et al., 2000) has been reared and released in
Florida against B. tabaci(Viggiani andEvans, 1992).

Amitusfuscipennis MacGown&Nebeker

In 1978,MacGown &Nebeker described A. fuscipennis according to specimens collected from Central
America, South America, and the Caribbean. Medina et al, (1994) also gathered biological and
morphological information ontheparasitoid. Later, A.fuscipennis was introduced from Colombia into
Italy to control the whitefly under field conditions (Viggiani, 1991). The parasitoid's performance
under glasshouseconditions is nowbeingtestedinColombia (deVis etal., 1999).
The taxonomy of this species, according to Masner & Huggert (1989) and Vlug (1995), is as
follows:
Order:

Hymenoptera

Superfamily:

Platygastroidea

Family:

Platygasteridae

Subfamily:

Sceliotrachelinae

Genus:

Amitus

Species:

fuscipennis MacGown &Nebeker (1978)

A. fuscipennis has been observed to parasitize T. vaporariorum on various host plant species like
Conyza sp., Parietaria sp., Sonchus sp., Urtica sp. (Viggiani, 1991), some outdoor and glasshouse
crops like tomato in Colombia (Medina et al, 1994; Vis et al, 1999), and ornamentals and beans
(Medinaetal, 1994).

Thegreenhousewhiteflyproblem onColombianbeancrops

Several whitefly species havebeen found inColombia. Thegreenhouse whitefly, T. vaporariorum, has
beenregistered as apest of economic importance. Not only does it attack ornamental and horticultural
crops in glasshouses (Medina et al, 1994), but it also causes direct damage, in some areas, on field
crops, for example by transmitting thepotato golden virus. In Colombia it attacks morethan 100 plant
species belonging to 37 plant families, composed mainly of Asteraceae, Solanaceae, Malvaceae,
Cucurbitaceae, Leguminosae, and Lamiaceae. In Colombia, T. vaporariorum is the predominant
whitefly inthe tropical highlands (altitudes above 1000 m) and inter-Andean valleys (altitudes ranging
from400to 1000m),whereit attacks bean, tomato, andpotatocrops (Cardona etal, 1998).
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Bean cultivation is a major activity for many small farmers (farm size < 1 ha) in Colombia.
BecauseT. vaporariorumis a keypest that reduces the yield of snap bean crops by about 50% (Prada
etal, 1993),farmers routinely applypesticides as theonly way to control it. Over thebean's 4-month
cropping season, 11 or 12 applications of broad-spectrum insecticides and fungicides are carried out
(Prada et al, 1993),creating twomajor problems:pesticideresistance (Prada et al, 1993;Buitrago et
al, 1994; Cardona

et al., 1998), and secondary pest outbreaks of the leafminer Liriomyza

huidobrensis (Blanchard) (Diptera: Agromyzidae) (Prada et al, 1993). In addition to economic
problems,pesticides alsoleadto environmental pollution andhealthproblems (Pachico, 1993). Tohelp
solve these problems and develop an alternative to chemical treatments, a guided control system was
recentlydevelopedtocontrolboth whitefly andleafminer onbean. As a basic step, an actionthreshold
for whitefly was determined: the appearance of first-instar nymphs on the lower third of the plant
(Cardona et al, 1993). Thisthreshold refers tothat density ofthe whitefly population at which control
measures shouldbestartedtoprevent thepopulation from causing economicinjury. The guided control
systeminvolvesthe:

1. Elimination ofresidues ofprevious cropsbefore sowing,
2. Installationof yellowstickytraps tocaptureboth whitefly andleafminer adults,
3. Application atthe 'threshold level' ofinsecticides against whiteflies,
4. Attention, at the right moment, to control weeds and cut off lower leaves, and the proper
management ofsoilandirrigation,
5. Removal anddestructionofpruned materials,
6. UseofBacillus thuringiensis(commercial toxin) tocontrol certainherbivorous insects, and
7. Removal anddestructionofthestubbleafter thelast harvest.

These guided control components, when applied and compared with the conventional pesticide spray
program in areas wherethe whitefly is key pest, resulted in a 54% reduction in insecticide use and an
18%reductionincosts (Prada etal, 1993).Sofar, theprogramhas not included anynatural enemiesof
whiteflies, although several fungi like Bauveria bassiana (Balsamo) Vuillemin, Verticillium lecanii
(Vuillemin), Paecilomycesfumosoroseus (Wize) Brown and Smith, and Aschersonia spp. are being
tested(C. Cardona, personal communication).
Of theparasitoids, Encarsia spp. andA. fuscipennis havebeen found in whitefly infested areas
and recovered from T. vaporariorum on bean plants. A. fuscipennis is often found on field crops of
beans in the Colombian Andes and seems partially responsible for the present low infestation by T.
vaporariorum in the Rionegro (Antioquia) area. The author's personal observations are that A.
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fuscipennis is abundant on crops where no chemical treatments have been applied. According to C.
Cardona (personal communication), it is even still active after heavy pesticide treatment.

A.

fuscipennis is also often found on wild plants close to crop areas, and is able to naturally colonize a
glasshouse crop of chrysanthemums, replacing E. formosa parasitoids that had been imported from
England andreleased (L.E.Perez,personal communication).
A. fuscipennis also colonizes glasshouse tomato plants infested with T. vaporariorum in Colombia,
maintaining presence and keeping T. vaporariorum at low densities (R. de Vis, personal
communication). The observations made by Cardona, Perez, de Vis and the author suggest that A.
fuscipennis maybeapromising control agentofT. vaporariorum onColombianbeancrops.

Determiningtheroleofnaturalenemies inpest control

The identification of an effective natural enemy or complex of natural enemies is a basic step in each
biological control program. Evaluation and selection of natural enemies can be performed with an
empirical or an analytical approach. Intheempirical approach, onesimplyreleases allpotential natural
enemies whichhappen to be available, withthehopethat theproper species or combinations of species
will be sorted out in the field (Ehler, 1990). Although historically most introduction programs were
carried out on a largely empirical basis and yielded a large number of successes, the outcome not
always can be predicted because it is generally unknown why oneproject succeeds and the other fails.
Consequently, onthe onehand promising agents may berejected without knowing the causes of failure
andontheotherhand, inefficient agents maybereleased (vanLenteren andWoets, 1988).
At the other extreme is the analytical approach whereby one conducts extensive preintroductory research to determine what species or group of species may be released (Ehler, 1990).
Within the analytical approach, two different ways can be distinguished (Waage, 1990): 1) the
reductionist and, 2)theholistic. Thereductionist approach dissects the natural enemies into a simple set
of characteristics which embody their potential as control agents and which can be viewed, and
compared independently (Waage, 1990). Implicit to the reductionist approach is the notion that any
combination oflifehistoryparameters ispossible. However, under natural conditions theseideal agents
do not occur. Because of thelimitations of the reductionist approach, an alternative holistic approach
appeared. The holistic approach may evaluate natural enemies i) based on ecosystem studies and, ii)
based onintegrationof individual attributes. Theholistic approach based onecosystem studies proceeds
from theoretical notions of how natural enemies fit into the broad ecology of the pest and its other
mortality factors (Waage, 1990). Although it seems tobe a sound approach it is not applicable yet. On
theother hand, evaluationbased onintegration of individual attributes has been applied andhas proved
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tobeof value. VanLenteren andWoets (1988) and vanLenteren and Manzaroli (1999) give several of
these attributes for pre-introduction evaluation of natural enemies for biological control in greenhouses
(Table2). Theimportanceof eachcharacteristic will moreorless depend onthetypeof control that has
tobeachieved. Intheinnundativereleasemethod, benefical organisms areperiodically released inlarge
numbers toobtainanimmediatecontrol effect (vanLenteren andMartin, 2000). Inseasonal inoculative
release method, natural enemies are mass reared and released in moderate numbers periodically, to
obtainbothanimmediatecontrol effect and alsotobuild-up anatural enemypopulation for control later
during the season, while in inoculative releases small numbers are released and the aim is long-term
control (vanLenteren andMartin,2000).
Concerning A.fuscipennis, the aim is not to introduce and establish the parasitoid because it
occursnaturally onbean crops in Colombia, but to assess whether theparasitoid canbeused in such a
waythat whiteflies willbekept atsufficiently lowdensities onbean. Theattributes listed in Table 2will
first beusedto evaluateA. fuscipennis as potential natural enemy ofT. vaporariorum on bean crops in
Colombia based ontheknowledgeavailableatthe start of this Ph.D. project. This evaluation willpoint
at limitations in our knowledge, which will lead to a list of characteristics to be determined will a
reliableestimateoftheroleofA.fuscipennis becomepossible.

Seasonalsynchronization withhost
Seasonal synchronization of the parasitoid with its host is important because the natural enemy has to
be around whenthepest occurs. For theColombian field situation this means that A.fuscipennis has to
be inthe field when the first generation of whitefly occurs in the bean crop. If the parasitoid does not
migrate sufficiently fast intothebeanfields from surrounding crops or wild plants, seasonal inoculative
releases havetobemadeatthemomentthat theright whitefly stages for parasitism - 1stand 2ndnymphs
- occur inthefield. This canbe achieved by following thegreenhouse whitefly arrival and development
inthebeancrop.

Internalsynchronization withthehost
Thenatural enemymustbeabletodeveloptothe adult stageonthepest insect, and development should
be synchronous withthat of thepest species so that ongoing control can be obtained. It is an important
aspect to consider in the T. vaporariorum -A.fuscipennis system, because mainly the first nymphal
stages areusedfor parasitization andtheparasitoid's developmental timeis relatively long compared to
that ofthehost. Thesefactors mightbe causing problems early inthebean crop season, when whitefly
generations arestill separated.
Later intheseasonand athighgreenhousewhitefly infestation, different instars of thepest may be
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Table2.Criteriaforpre-introductoryevaluation ofnaturalenemiesforbiologicalcontrolin greenhouses. (After
vanLenterenandManzaroli,1999).
Release Program
Criterion

Seasonalinoculative

Inoculative

Inundative

Seasonalsynchronization withhost

+

-

-

Internalsynchronization withhost

+

+'

-

Climaticadaptation

+

+

+

Nonegative effects

+

+

+

Goodculturemethod

-

+

+

Hostspecificity

+

-

-

Highkill-ratepotential

+

+

-

Goodsearching efficiency

+

+

+

+=Important; -=Notimportant;±=Lessimportant
present simultaneously, and internal synchronization is no longer a problem. Early in the season,
synchronization could be obtained by the farmer, through releasing parasitoids inthe crop at a moment
whenmosthosts areinthedevelopmental stagesuitablefor parasitization.

Climaticadaptation
Becauseof Andes mountain rangepresencein Colombia, cropping of dry and snap beans is possible at
different altitudes as tropical highlands (altitudes above 1000 m) and inter-Andean valleys (altitudes
around 1000 m) (Cardona et al, 1998). This range implies as well, climatic variations, going from
warm, dry areas to cooler, more humid ones. Therefore, it is important to know how certain climatic
conditions influence the biology and performance of A. fuscipennis. Knowledge about functioning at
different climated can be used to predict whether the parasitoid will be effective in broad or narrow
geographic areasinColombia.

Negative effects
A.fuscipennis should not attack other beneficial organisms or non-pest hosts of importance in the area
whereit will beused. A.fuscipennis has been recovered from T. vaporariorumhosts (MacGown and
Nebeker, 1978; Viggiani, 1991). In certain bean crop areas of Colombia, A.fuscipennis can be found
together with several Encarsia species that also parasitize T. vaporariorum. Currently, there is no
information about negative interactions between these parasitoids, but studies have been very limited.
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A. fuscipennis seems to reproduce by thelytokous parthenogenesis (Viggiani, 1991): A. fuscipennis
males are rare. Further, there are no reports that this parasitoid is using other parasitoid species for
hyperparasitism.
Some information is available about interactions between A. fuscipennis and entomopathogenic
fungi of whiteflies onbean crops, andthey werepositive as far as whitefly control concerns. A stronger
reduction of whiteflies was obtained when then the parasitoid was used together with the fungus V.
lecanni for control of T. vaporariorum in field assays (Pachon and Cotes, 1997). Details about the
interactionbetweenparasitoid andfungus are,however, not available.

Goodculturemethod
Duetotheoccurrenceof high densities ofT. vaporariorum at field conditions in Colombia, one of the
strategies tobring or increasenaturally occurring populations ofA.fuscipennis inthe field, could beby
using initially innundative releases of the parasitoid. This means that large numbers of parasitoids will
be required and that a good and economic culture method will have to be developed. In Colombia, a
preliminary study about the mass rearing of A. fuscipennis showed that the parasitoid was not difficult
to rear in T. vaporariorum as host species and bean as host plant (Garcia et al., 1995). For mass
rearing purposes, it is important to know the host stages that are preferred by the parasitoid, its
developmental time, sex ratio and kind of reproduction. Most of these data are not yet available.
Viggiani (1991)suggests thatreproduction ofA.fuscipennis isthroughthelytokous parthenogenesis.

Hostspecificity
In crops where different insect species may occur, it is important to introduce natural enemies that
preferentially attack the key pest species in order to obtain adequate pest reduction (van Lenteren and
Manzaroli, 1999). A. fuscipennis has been recovered from T. vaporariorum hosts (MacGown and
Nebeker, 1978; Viggiani, 1991). However, at laboratory conditions we found that A.fuscipennis may
parasitize another important whitefly pest, Bemisia tabaci. Although wehave not found this outcomeat
field conditions in Colombia, we think that it would be a positive characteristic of A. fuscipennis,
because T. vaporariorum and B. tabaci populations may occur simultaneously in the same crop at
certainclimateconditions. No information is available about other whiteflies or other insects that could
beparasitized byA. fuscipennis.

Greatreproductivepotential
Life-history parameters onimmature and maturelife stages of insects can beintegratedto determinethe
intrinsic rate of population increase or rm value of an organism (e.g. Birch, 1948). According to van
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Lenteren andWoets (1988)thermvalueor host killrate (i.e.therm withthe addition of hosts killed as a
result of host feeding by the parasitoid) of A. fuscipennis should at least equal the population growth
rateofT. vaporariorum,for theparasitoid tokeepup withgrowthoftheT. vaporariorumpopulation in
inoculative or seasonal inoculative programs. Due to the fact that Colombia is typified by three
mountain ranges and beans are cropped from mid to high altitudes, it is important to compare A.
fuscipennis and T. vaporariorum rm values at different climatic conditions that simulate those of mid
and high altitudes. If the rm value of A.fuscipennis is higher than the rm value of T. vaporariorum at
both conditions, the parasitoid could be used and released for whitefly control over a broad climatic
area.

Goodsearchingefficiency
Searching efficiency is a required characteristic of natural enemies because they should able to locate
and reduce pest populations before they have crossed economic threshold densities (van Lenteren and
Woets, 1988;van Roermund, 1995). Someparasitoids are efficient searchers becausethey are capable
ofdetectingchemicals producedbythehostor as aresult oftheinteractionbetweenthehost anditshost
plant, atlongdistances (Vet andDicke, 1992). However, other parasitoids, asthe whitefly parasitoid E.
formosa, searches atrandom, andis alsoabletosufficiently reduceits pestpopulations (vanLenterenet
al., 1996).E.formosa doesnotdetectinfested leaves even from short distances, andlands atrandom on
infested or uninfested leaves (e.g. Sutterlin and van Lenteren, 2000). It is not know whether A.
fuscipennis locates T. vaporariorum using long-distance cues or by random search. Reaction to longdistancehost related cues may result in shorter searchtimes, whichin turn can lead to high attack rates
(Sutterlin andvanLenteren, 2000).
Oncetheparasitoid is on the infested leaf, searching over relatively distances occurs. At bean
fields inColombia, whitefly density isusually very high andunder thisconditionA. fuscipennis doesnot
have to spend much time searching for hosts. However, at the beginning of the crop season or when
applying a guided control program for T. vaporariorum, the whitefly density decreases and A.
fuscipennis willhavetosearch for hosts atlowdensities.
Thesearching efficiency criterionhas beenwellstudied inthewhitefly parasitoid E.formosa by
van Roermund and co-workers (1995). In commercial greenhouses, whitefly densities have to be very
low for biological control to be successful, therefore effective host searching is a critical parameter.
Many developmental, reproduction and host searching data have been collected over the past 30 years
for thesystem greenhouse whitefly, Encarsiaformosa and vegetable host plants (van Lenteren and van
Roermund, 1999), but their effect on biological control cannot be evaluated independently because the
attributes of natural enemies are often found inparticular combinations (Waage, 1990). An "integration
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of attributes" approach was followed for E.formosa and an individual based stochastic simulation
model was developed for a better understanding of the performance of this parasitoid. The model
includes a) the detailed search behavior of the parasitoid and, b) the demographics and distribution of
whitefly and parasitoids in relation to host plant and greenhouse climate (van Lenteren et al., 1996).
Themodel was developed tobe able (1) to explain the capability of E.formosa to reduce whiteflies in
large greenhouses, (2) to improve introduction schemes of parasitoids for crops where control was
difficult, and (3) to predict effects of changes in cropping practices on the reliability of biological
control (vanLenteren et al, 1996;vanLenteren andvanRoermund, 1999). Of more than 20 parasitoid
parameters related to searching and development' that were evaluated experimentally and with
simulation models, some (e.g. walking speed, percentage time actively searching, side of leaf on which
parasitoid searches, and percentage of encounters with hosts resulting in oviposition) appeared to
influence the searching and parasitization efficiency of E. formosa much more than others (e.g.
immaturemortality, maximum egg load, host handling time, probability of host feeding, residence time
onleaves withremains ofhosts, andflight distancebetweenplants) (vanRoermund, 1995; van Lenteren
and van Roermund, 1999). Knowledge about theseparameters for A.fuscipennis is very limited; most
data werenotavailablebeforethisPh.D.project was started.
Inconclusion, for mostoftheattributes concerningtheevaluation of aneffective natural enemy,
knowledgeforA.fuscipennis istoolimited orcompletelylacking.

Research aims

Thegeneral aim of this thesis is to evaluateA. fuscipennis as a potential biological control agent of T.
vaporariorum on field crops of beans in Colombia. If results are positive, this parasitoid will be
included into the recommended guided control practices in order to create an Integrated Pest
Managementprogram. Fromthecriteria for pre-introductory evaluation ofnatural enemies givenby van
Lenteren and Manzaroli (1999), this thesis will address mainly climatic adaptation, culture method,
reproductivepotential and searching efficiency. In addition, the sideeffects of a fungicide used in bean
crops willbetested onA. fuscipennis.

Climaticadaptation. Colombia istypified bythreemountainranges, andbeans arecropped from midto
high altitudes. Climatic variation may influence parasitoid performance. Development time and
longevity of A.fuscipennis will be determined under different climatic conditions - temperature and
humidity - simulating the environmental conditions of crops grown at different altitudes. The effect of
different combinations of temperature andrelative humidity in the longevity and developmental timeof
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A. fuscipennis was tested. Wehypothesize that A. fuscipennis might be ableto develop and reproduce
on whitefly at a limited range of temperatures and humidities, specific for a limited part of the area
wherebeans aregrowninColombia. Results of studiespresented inchapters 2and7 willbeused totest
thehypothesis.

Culturemethod. For mass rearing purposes, it is important to know the host stages that are preferred
by the parasitoid, its developmental time, sex ratio and kind of reproduction. Literature information
indicated that developmental time of this parasitoid is longer than that of E. formosa, which may lead
to desynchronization of development of pest and natural enemy. The limited information available
suggests that reproduction of A. fuscipennis is through thelytokous parthenogenesis. This is a positive
aspects aspurefemalepopulations ofparasitoids arecheaper toproducethan sexual ones (Stouthamer,
1993). Wehypothesizethat mass rearing of A. fuscipennis is on the onehand complicated by its long
developmental time, while on the other hand it is simplified by its thelytokous way of reproduction.
Results of experiments describedinchapters 2and5 willbeusedtotestthishypothesis.

Reproductive potential. If a natural enemy has to be used for inoculative or seasonal inoculative
releases, then its rm value should be equal to or higher than the rm value of its host. Information for
calculating therm valueofA.fuscipennis could notbeobtained from theliterature. Wehypothesizethat
thermvalueofA.fuscipennis is higher thanthat ofT. vaporariorum only at alimited rangeof climatic
conditions at which beans are cropped in Colombia, and in a smaller area than wherethe parasitoid is
abletodevelop andreproduce. Results of studies giveninchapters 2, 3,4 and7 will beusedtotest this
hypothesis.

Searching behavior. High searching efficiency is an important characteristic of natural enemies will
theybeabletokeeppest populations under theeconomicthreshold density. For A.fuscipennis, hardly
any information on long-distance searching is available. Also, there is no information about the
searching and parasitization behavior after the parasitoid has landed on the plant. We hypothesize that
A.fuscipennis (1) is using long-distance volatile cues produced by the host or the host plant to locate
infested plants, and (2) shows a type of searching behavior oncelanded on the plant that is adapted to
occurrence of aggregated host stages. Results of studies presented in chapters 5 and 6 will be used to
testthesehypotheses.

Side effects of pesticides on the parasitoid. Even if A. fuscipennis meets the above criteria, it is
necessary to find out if the parasitoid can be used in the present guided pest control program used in
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Colombia. Colombian farmers spray pesticides for insect and fungus control, and we wanted to know
theeffect ofthesepesticides onA. fuscipennis. As afirst approachtothis aspect, thefield performance
oftheparasitoid was tested inboth, sprayed and unsprayed bean crops. Wehypothesize that pesticides
used in bean in Colombia for control of insects and fungi negatively effect the performance of the
parasitoid A. fuscipennis. Results of studies given in chapters 6 and 7 will be used to test this
hypothesis.
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Abstract
Amitus fuscipennis MacGown & Nebeker (Hymenoptera: Platygasteridae) is being evaluated as a potential
biological control agent of Trialeurodes vaporariorum (Westwood) (Homoptera: Aleyrodidae) on bean crops in
Colombia. Thelifehistoryof this natural enemyispresented in thispaper. Thedevelopmental time and longevityof
fed and unfed adult parasitoids were compared under different temperature and relative humidity combinations.
Mean longevityoftheparasitoid inabsence ofhosts washighest (42.2 d) at 15°C and 75 ± 5 % RH, andlowest (3.9
d) at 15 °C and 45% RH. Longevity at 25 °C and 75 ± 5% RH was also low (10.1 d). A.fuscipennis had the
longest mean developmental time (65 d) at 15°C and 75 ± 5% RH, and the shortest (23.2 d) at 25 °C and 55 ± 5%
RH. Combinations of moderate temperature and low relative humidity negatively affected parasitoid longevity. At
constant high humidity, an increase of temperature leads to a decrease of longevity. Sexratio was determined bya)
collecting adults in the field and rearing them to the next generation, b) exposing different proportions of pairs of
parasitoids to whitefly nymphs, and c) examining the offspring of pairs of parasitoids. Sex ratios of populations
collected in the field and reared in the laboratory were strongly female-biased. Reproduction of the parasitoid is
through thelytokous parthenogenesis. The species carries Wolbachia, therickettsia that induces thelytoky. Results
suggest thatA.fuscipennis couldbeapotentially goodbiological control agent ofT. vaporariorum in environments
thatarenot overlydryorwarm.

Introduction

The greenhouse whitefly, Trialeurodes vaporariorum

(Westwood) (Homoptera: Aleyrodidae), is a

serious pest of vegetables and ornamental crops around the world (van Lenteren and Martin, 1999).
Interest in biological control of this pest is growing because of concerns about insecticide resistance
(Dittrich et al., 1990; Prada et ah, 1993; Buitrago et al, 1994; van Lenteren, 1995; Cardona et al.,
1998). Many parasitoids, predators and pathogens are known as natural enemies of the greenhouse
whitefly (van Lenteren and Martin, 1999).

Aphelinid parasitoids of the greenhouse whitefly are

summarized in van Lenteren et al, (1997). Based on our present knowledge of the control capacity of the
different categories of natural enemies, we propose that parasitoids are still the best for obtaining longterm control through inoculative or seasonal inoculative releases (Gerling, 1990).
In the light of this knowledge, the parasitoid Amitus fuscipennis

MacGown & Nebeker

(Hymenoptera: Platygasteridae) is being evaluated as a potential biological control agent of the
greenhouse whitefly on bean (Phaseolus vulgaris L.) crops in Colombia. A.fuscipennis has been found in
the northern part of South America and the Caribbean. It is abundant on bean crops in the Andes
mountains of Colombia and Ecuador where no chemical treatments have been applied, and it is still active
even after heavy pesticide use. The parasitoid seems to be partially responsible for the present low
infestation by T. vaporariorum in the Rionegro area of Colombia. The parasitoid is commonly found on
some plants close to crop areas, and was able to naturally colonize a greenhouse chrysanthemum crop
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where Encarsiaformosa Gahan, imported from England, had been previously released. A. fuscipennis
replaced theE. formosa populations (L.E. Perez, personal communication). Although A. fuscipennis is
abundant on bean crops, few studies havebeen conducted on thebiology or efficacy of this species as a
biological control agent against the greenhouse whitefly (Velez et al, 1994; Marquez and Valencia,
1991). A.fuscipennis alsoparasitizes Bemisiatabaci Gennadius under laboratoryconditions. Viggiani
(1991) suggests that A fuscipennis reproduction is through thelytokous parthenogenesis. Additional
information aboutthesexratioofthisspeciesisnotavailable.
This paper represents part of a research effort to collect life history data needed to understand the
capabilities and limitations of this parasitoid. Here we report the developmental time, sex ratio and
longevityofA.fuscipennis atdifferent temperature andrelativehumiditycombinations.

Materials andmethods

Parasitoids used in this study came from a rearing facility established in September 1996 at the
International Centerfor TropicalAgriculture,CIAT,inCali,Colombia.Parasitoids wereinitially collected
inabeanfieldheavilyinfested withT. vaporariorumatRegadero,Cerrito,Valle,Colombia,locatedinthe
central range of the Andes mountain chain at 1700 m. This material was sent for identification to G.
Viggiani (Instituteof AgriculturalEntomology, University of Naples, Italy) and toH. J. Vlug (Instituteof
Plant Protection, IPO-DLO, Wageningen, The Netherlands). The parasitoids were reared on first and
second instars of T. vaporariorum on bean plants ('ICA- Pijao' cultivar) and kept at 20-22°C, 40-80%
RH, 12L: 12D. Thehost wasreared for 4 years on the samebean cultivar at 20.5 ± 2 CC, 45-90%RH,
12L:12D.
To study the developmental time of the parasitoid, bean plants infested with first instars of T.
vaporariorum were enclosed by using an acetate cone, and exposed to 40 or 60 unmated females that
wereallowedtooviposit for either24or48h.Twoplants wereusedfor everycombination of temperature
and humidity. Every leaflet was infested with whitefly nymphs and the whole plant was exposed to the
parasitoids.Theplants were then transferred to climate-controlled chambers at different combinations of
temperatures and relative humidities (Table 1). Subsequently, development of immature stages was
checked twiceper dayuntil all adults had emerged. Days to first nymph coloured gray (indicating clear
evidence of parasitization), days to adult emergence, number of progeny, sex and mortality of immature
parasitoids were recorded. Differences in developmental time were tested using one-way analysis of
variance(ANOVA).
To determine the sex ratio (males to total parasitoids) of A. fuscipennis, three different
approaches werefollowed. 1)A.fuscipennis adults werecollected from different drybeanandsnapbean
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Table 1.Number ofA.fuscipennis adults exposed tofirst instar nymphs ofT. vaporariorum at different
temperatures (°C)andrelative humidities (%)for developmental timeand sexratio experiments.

Temperature
45 ±5 %RH

15 "C
75 ±5%RH

19 °C
90±5%RH
75 ± 5%RH

55 ±5%RH

25 °C
75 ± 5%RH

Number
of plants

2

2

2

2

2

2

Number
of leaflets

7

6

6

7

8

6

Time
ofexposition (h)

48

24

24

48

48

24

80

150

140

100

100

Average
host
density
100
per
leaflet
Number ofparasitoids exposed
Plant 1

60 ? 9

40 9 9

60 9 9

399, 1<?

609 9

60 99

Plant 2

60 99

40 99

60 99

409 9

609 9

44 99

Plant1

0.0

0.0

0.0

0.0

0.0

0.0

Plant 2

0.0

0.0

0.0

0.0

0.0

0.03

Sexratioof the offspring
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crops (both of them are cultivars of Phaseolusvulgaris L.) infested with T.vaporariorum. One sample
was taken from every crop at different date and crop phenologies (Table 2). For some of the crops, a
portion of adult parasitoids were collected using an aspirator and killed immediately in alcohol to easily
andquicklydeterminetheir sexratiounderlaboratoryconditions.Theotherportion wascollected aliveas
bothadultsandparasitizedpupae.

Table 2. Sex ratio of A. fuscipennis adults collected in thefieldon dry bean (DB) and snap bean (SB)
betweenSeptember 1997-March 1998,andrearedonbeanunderlaboratoryconditions.

Progenyofemerged adults

Field-collected adults
Crop

Cropphenology

Season

SexRatio

%99

N

SexRatio

%¥9

N

DB

Earlypodsetting

Earlyrainy

0.02

97.9

377

0.02

97.8

325

DB

Cropresidue

Dry

0.09

90.0

431

0.08

91.8

97

DB

Pre-flowering

Dry

0.09

99.0

101

0.0

100.0

147

DB

Mature

Dry

0.05

94.6

147

-

-

-

Mature

Rainy

0.0

100.0

115

-

-

-

SB

After emergence of the pupae, adults were allowed to parasitize 80-100 first and second instars of T.
vaporariorum per bean leaflet A.fuscipennis prefers first and second instars of T. vaporariorum for
oviposition (Manzano,unpublishedresults).Parasitoid development tookplaceat20-22 °C,40-80%RH,
12L:12D. The sexratio of theoffspring wasdetermined. Differences in sexratiobetweenfieldcollected
individuals and their offspring reared at laboratory conditions were tested using Chi-square. 2) The sex
ratiosofemergingadultsinexperiments aimedatcalculatingdevelopmental timesweredetermined (Table
1). 3) Pairs of male and female A fuscipennis were isolated after they showed courtship and mating
behaviour similar to that described for Amitus by Viggiani and Battaglia (1983). Male parasitoids were
reared from parasitized pupae on bean leaves enclosed in petri dishes. Sex of emerged parasitoids was
checked until males emerged. Pairs of female and male A. fuscipennis that appeared tohave mated were
kept in leaf-clip cages and exposed to 30-40 second instar nymphs of T.vaporariorum. Four different
pairs weretested. Every24h eachparasitoidpair was transferred toanewlocationon thebean leaf until
the female died. Parasitized hosts were kept at 20-22 °C, 40-80% RH, 12L: 12D. Sex ratio of theFi
offspring was determined. Emerged females wereisolated individually in leaf cages and exposed daily to
30-40 second instars until the female died. Parasitized hosts were kept under the same conditions as
above.ThesexratiooftheF2generation wasalsodetermined.Thisprocedurewasperformed todetermine
if parasitoid reproduction is only by thelytokous parthenogenesis as suggested by Viggiani (1991), or if
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sexualformofreproductioncanalsobe found.
Femalelongevity without hosts was determined by keeping female parasitoids of less than 24 h
oldinindividual glass vials (11ml). Theinsects wereprovided withhoney and moisture three times per
week. Moisture wasoffered by setting asmallpiece of wet clay inside the vial. The vials were stored in
climatechambers atdifferent conditions: 15°C,45± 5%RH; 19°C,90 ± 5%RH;25 °C, 55 ±5%RH.
Another batch of insects was kept at 15, 19 and 25 °C, and uniform 75 ± 5% RH. Female longevity
without hosts and food was also determined at 15, 19, and 25 °C, and uniform 75 ± 5% RH. Male
survivalintheabsenceof females withfood wasdetermined at 15and 19°C,75± 5 %RH. Survivalwas
recorded daily. Differences in female longevity were analyzed using ANOVA and Duncan's Multiple
Rangetest. Differences inlongevity dueto differences in temperature or food weretested using two-way
analysisofvariance(ANOVA).

Results

Developmental time of the parasitoid differed significantly between the temperatures and relative
humidities tested (Table 3; one-way ANOVA, P < 0.0001). Developmental time decreased when
temperatureincreased. At 15 °C, developmental time increased asrelative humidity increased (from 51.0
to 65.6 d)but at 19 °C it decreased from 38.1 to 31.3 d at very high humidity. Immature mortality was
less than5%atmostof theenvironmental conditions tested (Table3),but itwashigh at 15°C and75±5
%RH due to thepresence of the fungus Oidiumon the bean plants. The fungus covered the parasitized
pupaandparasitoids couldnotemerge.
SexratiosofA.fuscipennis collectedondrybean andsnapbeanfieldcrops areshowninTable2.
A. fuscipennis had a female-biased ratio, males werescarce. In some of the field surveys, only females
were collected. There was no significant difference between the sex ratio of the offspring reared under
laboratory conditions and theparental generation atfieldconditions (Table 2). In the developmental time
experiments, unmated females occasionally produced males and none of the probably mated females
produced males (Table 1).From the presumably mated females, the offspring consisted only of female
parasitoids. These virgin females were allowed to parasitize on first and second instars of T.
vaporariorum. Theoffspring consisted of37females and2males.
Atdifferent combinations oftemperatures andrelativehumidities,thelongevity withouthosts for
honeyfed females differed significantly (Table4,F= 34.89;P<0.0000; allmeans aredifferent, Duncan's
testP<0.05).Longevitywaslongest at 19°C,90 ±5%RH(18.1 d) and shortest at 15°C,45 ±5%(3.9
d). At constant relativehumidity of 75 ± 5 %,longevity without hosts and with food differed among the
threetestedtemperatureconditions (Table4,one-wayANOVAF= 16.0;P<0.0001; all meanswere
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Table3. Developmentaltime(days)andimmaturemortality(%) ofA.fiiscipennisinrelation totemperature,
T(°C)andrelativehumidity,RH(%).

15°C
RH

75±5

45±5
51.0

--*-- 65.6a

90±5
31.3

Temperature
19°C
75±5

--*-- 38.1b

25 °C
55±5

23.4

--ns--

75±5
24.9c

N

450

120

1030

390

260

180

SE

0.1

0.2

0.06

0.1

0.06

0.1

45-62

63-71

27-40

35-45

22-32

22-28

Firstnymph
coloredgray**

37

37

21

27

16

Immaturemortality

2.3

15.8***

1.0

0.8

3.8

Range(days)

17

0

*A11meansdiffered significantly (one-wayANOVA,p<0.0001).
Valuesat75±5%RHfollowed bydifferent lettersaresignificantly different (ANOVA, followed byTukeys's
P-test,a =0.05).
The effect of humidity was significant within 15°Cand 19°C butnot within 25°C (ns, test for independent
variable,a =0.05).
**daysafter parasitization.
*** leavesinfected by thefungus Oidium.
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different, Duncan's test,p<0.05).Thelongevitywithouthosts for fed andunfed females at 15, 19and25
°C anduniform relative humidity of 75 ± 5% differed significantly. Both food and temperature affected
longevityindependentlyorthroughtheirinteraction (Table4,two-wayANOVA,food:F= 127.7;df= 1 p
<0.000independently or throughtheirinteraction (Table4,two-wayANOVA, food: F= 127.7;df = 1 p
<0.000 1;temperature:F= 35.1, df=2;p <0.0001;interaction: F=26.3,df =2;p <0.0001). Theonly
values not significantly differently werelongevity of fed and unfed females at 25 °C. Female longevity
was short without food at any temperature, and short at 25 °C when food was available (Table 4).
Longevity of A. fuscipennis with food was strongly affected by the combination of temperature and
relative humidity conditions (Fig.l). Longevity was low at both low relative humidity and low
temperature, but high at higher relative humidity (75 + 5%) and temperatures around 15-19 °C. Due to
scarcityofmales,onlysomeindividuals couldbeusedinmalelongevityexperiments. At 15°Cand75±
5%RH,onefedmalelivedfor 31d. At 19°Cand75±5%RH,5fed maleslivedonaveragefor 24.8d.

Discussion

Developmental timeofA.fuscipennis at 19 °C, 90 +5 %RH (31.3 d) was similar to thevalue measured
onbean at 19°C,82 %RH (35.9 d) byMedina et al.,(1994).Developmental times of A.fuscipennis at
75 ± 5 %RH are shorter than the values found for Amitus bennetti Viggiani & Evans at 15 °C(65.6 d
and72.2d,respectively) and at25°C (24.9 d and27.6 d,respectively; Drost etal, 1996). At 17± 1°C,
thedevelopmental timeofEncarsiaformosa ison average31.6d (Vet andvanLenteren, 1981),which is
considerablyshorter thanthedevelopmental timeofA.fuscipennis at 15°C (65.6d)and 19°C(38.1d).
A. fuscipennis shows a strongly female biased ratio. This characteristic was also noticed by
Viggianai (1991)whoreported onlyfemales from asample of 400 individuals collected inColombia and
introduced to Italy.

Based on this, he concluded that the species reproduces by thelytokous

parthenogenesis. The occasional production of males within a strong female-biased populations as it
occurs in A fuscipennis, is a normal observation for thelytokous lines (R. Stouthamer, personal
communication).
We tested A.fuscipennis for the presence of Wolbachia, the rickettsia that induces thelythoky
(Stouthamer, 1993), and theresult was positive (M. van Meer, personal communication). Therefore, the
presence of Wolbachiaprobably explains the female-biased sex ratio of the species. To be absolutely
surethat Wolbachiainduces thelytoky, A.fuscipennis females should be 'cured' by feeding antibiotics so
that both males and females willbeproduced (Stouthamer etal, 1990; Pijls, 1996),but these tests have
not yet been performed. Wolbachiahas been found also in E. formosa and Eretmocerusstaufferi Rose
andZolnerowich,both parasitoids of whitefly (M.vanMeer,inpreparation).
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Table 4. Longevity (days) of A.fuscipennis females with and without food in relation to temperature
T, (°C)andrelativehumidity, RH(%).

Without food2

With food
T

15

15

19

19

25

25

15

19

25

RH

45±5

75±5

90±5

75±5

55±5

75±5

75±5

75±5

75±5

mean

3.9

42.2*

17.3

18.1*

6.2

10.1*

5.2*

4.2*

2.6*

n

91

97

78

72

71

71

80

78

81

SE

0.1

1.3

0.6

0.8

0.4

0.4

0.1

0.1

0.07

1-11

2-8

1-4

1-7
Range
3-67
1-37
3-29
1-13
1-17
(days)
Allmeans differed significantly (one-way ANOVA, Duncan's testp < 0.05).
2

A11means differed significantly (one-wayANOVA, Duncans's testp<0.05.

*A11means differed significantly (two-way ANOVA, p < 0.001); except for fed and unfed females at
25 °C.

43

«1

ve
o
ve
IT)
<rt
©
IT)
V)

rr
o
Tf

@

>r>
m

u
en
n

©

3
"O
•<

^^^
E
»S
(£
£•

T3

g3
>
3

©

«s
<r>

P

U
o

e
o

_

33 * X

o

•3

13

J'

2«
^
#2
^

>/

Wl V) V)
+1+1+1
v> © in
• t OS IT)

_F
f
^a
B^

u uu

X

o o o
V) OS V)
rt i-l N

i+1 y

e
s

-

©

_X^
_ ^ ^
>M

<u
an
m

6

a

,—S

j°

*
*—'
73

^0000--^^

S"
O

•

>

'?
>s
CA

n

*r^

A-—*"***^"^^^

V

3
00

13' ^

S!

©
©

44

1

1

o

o
ve

00

1

1

©

3

Developmentaltime, sexratio andlongevity ofA. fuscipennis

DuringA.fuscipennis courtship behavior observed under laboratory conditions, antennal contact between
both sexes wasevident. Viggiani andBattaglia (1983) described thecourtship and mating behavior ofA.
vesuvianusViggiani andMazzoneandA.rugosusViggiani andMazzone where antennal contact between
male and females also plays an important role. However, it is not known whether sperm is actually
transferred inA. vesuvianus and A. rugosus and the sex ratio of the offspring was not determined. The
releaseand spread of a sexual pheromone through a gland located in the fourth antennomereof the male
antennaofA.spiniferus hasbeensuggested (Isidore andBin, 1995).
In the genusAmitus, themaleantennae arethread-like withcylindrical antennomeres,except for
thefourth antennomerewhereaglandislocated, whichhasapaddle-shaped area (MacGown andNebeker,
1978; Masner and Huggert, 1989).Recently it has been found that the male antennae of A. fuscipennis
also showmorphological evidenceof these special glands located in the same antennomere (A4) as inA.
spiniferus (N. Isidore, personal communication). This may indicate that A. fuscipennis uses sexual
pheromones for mating. However, we also have not yet determined whether sperm is transferred inA.
fuscipennis. An indication that sperm was not transferred in the isolated pairs is the high proportion of
females obtained in the F2 generation. According to Stouthamer (1993), virgin females of sexual lines
produce male offspring exclusively and those of asexual lines produce almost all female offspring. We
obtained almost pure female offspring from 'pairing pairs'. This might indicate that A. fuscipennis
consists of asexual forms only. Additionally, due to the small proportion of males found, sexual
reproduction mayberareinA.fuscipennis. However,coexistenceofboth asexual and sexual populations
inthesamehabitat ispossibleandhasbeenreported earlierfor Trichogramma spp.(Stouthamer, 1993).
Sex ratios in other Amitus vary considerably. A. hesperidium Silvestri is biparental with a sex
ratio of 1: 1(Flanders, 1963), but its sex ratio varies from 5:1 to 1:1.4 depending on host quantity and
nutritional conditions (Zhang et al, 1982). A. bennetti has thelytokous parthenogenetic reproduction
(Viggiani and Evans, 1992; Drost et al, 1996). If A.fuscipennis has to be mass reared for biological
control programs, its thelytokous reproduction is an advantage because, among others, asexual wasps do
not "waste" expensive hosts for the production of males (Stouthamer, 1993). This is particularly
advantageous forparasitoidsusedininundativereleases (Stouthamer, 1993).
Averagelongevities offedA.fuscipennis females reportedhereat 19°Carehigher (17.3, 18.1d) than the
valuesreported for this species (11d)byMedinaetal, (1994)at 18°C,80%RH.
Averagelongevity ofA.fuscipennis at 75 ± 5 %RH and at anyof thethreetested temperatures
is longer than that reported for A. hesperidium (Flanders, 1966; Zhang et al, 1982). Mean longevity of
A.fuscipennis without hosts at 15 °C and 90 ± 5% RH (42.2 d) , is longer than that reported for A.
bennetti (29.2 d) and Eretmocerus califonicus Howard (38.7 d; Drost et al, 1996). However, it is
shorter than that of E. formosa (46.9 d) and Eretmocerus sp (Texas) (47.5 d; Drost et al, 1996); E.

45

Chapter 2

formosa (199.3 d) and E.pergandiella Howard (80 d; Vet &vanLenteren, 1981).Mean longevity ofA
fuscipennis at 25 °Cis also longer than that reported for Eretmocerussp at 26 °C (3.9 d) byLopez and
Botto (1997). In the latter study however, relative humidity was variable (30-70 %),and this probably
negatively affected theparasitoid longevity. Longevity of A. fuscipennis in the absence of whitefly hosts
and in the presence of honey follows the same trend as found for E.formosa (van Roermund, 1995):
longevitydecreasesexponentiallywhentemperatureincreases.Althoughonlyafew males weretested, the
results suggestthatmalesprobablyliveaslongasfemalesdo.
Longevity is longer for females that have the opportunity to feed than for females without food.
The importance of sugar intake for the longevity, fecundity and high attack rates of adult parasitoids is
documented, among others, by Powell (1986). Under field conditions, A. fuscipennis may consume
honeydewexcreted bywhitefly nymphs andprobably sugar from extra-floral nectariespresent onsomeof
the plants that surround the bean crop. Under laboratory conditions, honey can be offered to A.
fuscipennis adults. This is especially necessary because the first and second instars of T. vaporariorum
preferred bytheparasitoid for oviposition (Manzano,unpublished results)excreteonlyasmall amountof
honeydew.
A.fuscipennis lives long athighrelativehumidity conditions (75± 5%) and temperatures around
15-19°C,conditions whicharesimilar totheenvironmental conditions of hillside areas (> 1400m) where
beans are grown in Colombia. Low relative humidity areas (< 60% RH) will hamper the establishment
and reproduction of the parasitoid, and these conditions should be avoided during mass releases of the
parasitoid. Different surveys carried out by the Research Group on Whiteflies at CIAT on tomato, snap
bean and sweet pepper, showed that the parasitoid is also present in the piedmont at 1060 m where the
average temperature is 22 °C and averagerelative humidity is 75%. At these conditions, wehave found
thatparasitizedpupaeofA.fuscipennis canbepresent on thesame snap bean leaflet whereEretmocerus
sp andEncarsiaspp alsohaveparasitizedT. vaporariorumhosts. However, athigher drybean and snap
beancropping areas (> 1400 m),A.fuscipennis is thedominant species andotherparasitoid species of T.
vaporariorumhavehardlyeverbeen found.
In conclusion, different combinations of temperature and relative humidity affect developmental
timeandlongevityofA.fuscipennis. Combinationsoflowrelativehumidityandlowtemperature, andlow
relative humidity and high temperature, negatively affected the parasitoid longevity. These conditions
limiting parasitoid development and reproduction should be taken into account when developing habitat
manipulation tactics. Inthebean canopy,however, temperature is lower and relative humidity higher and
theparasitoid wouldprobablynotbecontinuously exposed tosevereambient conditions.Reproductionof
theparasitoid isprobably onlybyparthenogenesis thelytokous.This kind of reproduction is an advantage
if the parasitoid has to be mass reared, because it is cheaper to produce than sexual forms. Additional
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research concerning the performance of A. fuscipennis as biological control agent of T. vaporariorum
based on demographic parameters such as intrinsic rate of increase at hillside and lowland areas
conditions is desired and now performed. This information will allow us a better understanding of the
potentialofthis parasitoid.

Acknowledgments

This research was supported by The Netherlands Foundation for the Advancement of Tropical Research
(WOTRO). We thank G. Viggiani and H.J. Vlug for the identification of A. fuscipennis, M. van Meer
(Agricultural University of Wageningen) for identifying Wolbachia in the parasitoid and giving us
information related to thesubject, and D.Ramirez (CIAT) for managing therearing ofT. vaporariorum.
The first author expresses her gratitude to K. Schmale (CIAT) for taking partial care of one of the
longevity experiments, to D. Peck (CIAT) for improving the English, to L. Smith (USDA) for his
suggestions andcommentsduring thedevelopment of thisresearch. L. Smithis also thanked for critically
reviewing anearlyversionof themanuscript.

References

Buitrago, N , C. Cardona & A. Acosta. 1994. Niveles de resistencia a insecticidas en Trialeurodes
vaporariorum (Westwood) (Homoptera: Aleyrodidae), plaga del frijol comun.

Revista

ColombianadeEntomologia 20: 108-114.
Cardona,C, F.Rendon &I.Rodriguez. 1998.Chemical control andinsecticideresistanceof whiteflies in
the Andean zone: a progress report. International workshop on Bemisia and Geminivirus. San
Juan,PuertoRico,L-70.
Dittrich, V., S. Uk & G.H. Ernst. 1990. Chemical control and insecticide resistance of whiteflies. In:D.
Gerling (ed.), Whiteflies: their bionomics, pest status and management. Intercept, Andover. pp.
271-281.
Drost, Y.C.,FadlElmula, A., Posthuma-Doodeman, C.J.A.M. &J.C. van Lenteren. 1996. Development
of selection criteria for natural enemies in biological control: Parasitoids of Bemisia argentifolii.
Proceedings ofExperimental andAppliedEntomology, N.E.VAmsterdam7: 165-170.
Flanders,S.E. 1969. Herbert DSmith's observations oncitrus blackfly parasites in India andMexicoand
thecorrelated circumstances.CanadianEntomologist 101:467-480.
Gerling, D. 1990. Natural enemies of whiteflies: predators and parasitoids. In: D. Gerling (ed.), Natural
enemiesofwhiteflies. Intercept,Andover.pp.147-185.

47

Chapter 2

Isidore, N. & F. Bin. 1995. Male antennal gland of Amitus spiniferus (Brethes) (Hymenoptera:
Platygastridae), likelyinvolved in courtship behavior. International Journal of Insect Morphology
and Embryology24:365-373.
Lenteren, J.C. van. 1995. Integrated pest management in protected crops. In:D. Dent (ed.), Integrated
PestManagement. Chapman andHall* London,pp.311-343.
Lenteren, J.C. van, Y.C. Drost., H.J.W. van Roermund & C.J.A.M. Posthuma-Doodeman. 1997.
Aphelinid parasitoids as sustainable biological control agents in greenhouses. Journal of Applied
Entomology 121:473-485.
Lenteren, J.C.van &N.A.Martin. 1999 (inpress). Biological control of whiteflies. In:R. Albajes, M.L.
Gullino, J. C. van Lenteren and Y. Elad (eds.), Integrated pest and disease management in
greenhousecrops.KluwerPublishers,Dordrecht.
Lopez, S.N. & E. Botto. 1997. Biology of a South American population of Eretmocerus sp
(Hymenoptera:Aphelinidae)attacking thegreenhousewhitefly. BiologicalControl 9: 1-5.
MacGown, M.W. & T.E. Nebeker. 1978. Taxonomic review of Amitus (Hymenoptera: Proctotrupoidea,
Platygastridae) of theWesternHemisphere. CanadianEntomologist 110: 275-283.
Marquez, M.L. & S.A. Valencia. 1991.Evaluation de Encarsiaformosa Gahan yAmitus fuscipennis
MacGown & Nebeker, en el control de Trialeurod.es vaporariorum (Westwood) en crisantemo
(Chrysanthemum morifolium Rainat.). Tesis de pregrado. Universidad National de Colombia.
Medellin.81pp.
Masner,L. &L. Huggert. 1989.World review and keys to genera of the subfamily Inostemmatinaewith
reassignment of the taxa to the Platygastrinae and Sceliotrachelinae (Hymenoptera:
Platygastridae).MemoiresoftheEntomological SocietyofCanada 147:1-214.
Pijls, J.W.A.M. 1996. Apoanagyrus diversicornis, theecologyof aparasitoid. Ph.D.thesis.Wageningen
AgriculturalUniversity. 152pp.
Powell, W. 1986. Enhancing parasitoid activity in crops. In: J. Waage and D. Greathead (eds.), Insect
Parasitoids.AcademicPress,London,pp.319-340.
Powell,D.A. &T. S.Bellows. 1992. Development andreproduction of twopopulations ofEretmocerus
species (Hymenoptera: Aphelinidae) onBemisiatabaci (Homoptera: Aleyrodidae). Environmental
Entomolology 21:651-658.
Prada,P.,A.Rodriguez &C.Cardona. 1993. Evaluation deun sistemademanejointegrado deplagasde
lahabichuela enlaprovinciade Sumapaz (Cundinamarca). Revista Colombiana de Entomologia
9:58-63.
Roermund,H.J.W.van. 1995.Understanding biological control of greenhouse whitefly with theparasitoid
Encarsiaformosa: Fromindividual behavior topopulation dynamics. Ph.D.Thesis. Wageningen

48

Developmentaltime, sexratio andlongevity ofA. fuscipennis

AgrculturalUniversity.243pp.
Stouthamer,R.,R.F.Luck&W.D.Hamilton. 1990. Antibiotics causeparthenogenetic
Trichogramma toreverttosex.Proceedings oftheNational.Academyof Science87:2424-2427.
Stouthamer,R. 1993.Theuseof sexualversus asexual wasps inbiological control.Entomophaga 38:3-6.
Velez,P.S.,Saldarriaga, A&L.E.Perez. 1994. BiologiadelAmitusfuscipennis MacGown &Nebeker,
bajo tres condiciones ecologicas en Rionegro (Antioquia). Revista Col.ombiana de Entomologfa
20: 143-148.
Vet,L.E.M.&J.C.vanLenteren. 1981. Theparasite-host relationship betweenEncarsiaformosa Gah.
(Hymenoptera: Aphelindae) and Trialeurodesvaporariorum(Westw.) (Homoptera: Aleyrodidae).
X.Acomparisonof threeEncarsiaspp andoneEretmocerussp.toestimate theirpotentialities in
controlling whitefly on tomatoes in greenhouses with a low temperature regime. Zeitschrift fur
AngewandteEntomologie 91:327-348.
Viggiani, G. 1991. Ridescrizione di Amitus fuscipennis Macg. & Neb. (Hym.: Platigastridae),
parassitoide esotico di Trialeurodes vaporariorum (Westw.), con notizie preliminari sulla sua
introduzioneinItalia. Redia74: 177-183
Viggiani, G. &D. Battaglia. 1983.Courtship and mating behavior of two species of Amitus, parasitoids
of known whiteflies from the world. Bolletino del Laboratorio di Entomologia Agraria "Filippo
Silvestri"40:115-118.
Viggiani, G. & G. Evans. 1992. Description of three new species of Amitus Haldeman (Hymenoptera:
Platygastridae),parasitoids of known whiteflies from theNewWorld. Bolletino delLaboratorio di
Entomologia Agraria "Filippo Silvestri" 49:189-194.
Zhang, G.C.,Z. Yug &Y.H.Jian. 1982. Studies on thebiology and application of Amitus hesperidum,
the natural enemy against the citrus spiny whitefly. Proceedings of the Chinese Academy of
Science-U.S.National Academyof Science,Joint Symposium on Biological Control of Insects,
443-445.

49

Lifehistoryo/T. vaporariorum

3. Intrinsic rate of population increase of Trialeurod.es vaporariorum
(Westwood) (Homoptera: Aleyrodidae) at different temperatures and
relativehumiditiesontwobeancultivars

Submitted without modifications as: Manzano, M. R., C. Cardona & J. C. van Lenteren. Intrinisc rate
of population increase of Trialeurodes vaporariorum (Westwood) (Homoptera: Aleyrodidae) at
different temperatures andrelativehumidities ontwobeancultivars.
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Abstract
Life-history parameters of the whitefly Trialeurodes vaporariorum (Westwood), an important pest of bean
cropsin Colombia,werestudied in environmental control chambers on twodrybean (Phaseolus vulgaris L.)
cultivars. Mean longevity, fecundity and oviposition rates werefound to be statistically different between the
beancultivars. Meanlongevityoncv.Chochorangedfrom 22.6d(at 19°C),through 17.5d(at22°C),to5.9d
(at26°C). On cv.ICA-Pijao, it was35.5dat 19°C. Oncv.Chocho,mean total fecundity ranged from 8.6 to
33.3 eggs for the three temperatures. On cv. ICA-Pijao, fecundity at 19°C was much higher (127.2 eggs).
Intrinsicrate of increase (rm) on cv. Chocho washighest at 22°C (0.061), intermediate at 19°C (0.044) and
lowestat26°C(0.035). On cv. ICA-Pijao, it was0.072 at 19°C. Because thermofT. vaporariorum ismuch
loweron cv.Chochothan on cv.ICA-Pijao at 19°C,wesuggest that cv.Chochobeusedin IPMprograms for
hillsideareas. Thewhitefly'spopulation growth isslowerand therateofdeath from natural enemiesisusually
higher.

Introduction

The greenhouse whitefly, Trialeurodes vaporariorum (Westwood) (Homoptera: Aleyrodidae), is an
important problem, especially in vegetable and ornamental crops (van Lenteren and Martin, 2000).
Adults and nymphs feed on phloem sap, excreting large amounts of honeydew that favor the
development of black mould that, in its turn, hampers the plant's photosynthesis. The honeydew also
reduces yields and causes economic losses of fruits and ornamentals (van Roermund and van Lenteren
1992).
Greenhouse whitefly is also a key pest on dry and snap bean {Phaseolusvulgaris L.) crops in
Colombia (Prada et al, 1993). Colombian bean crops are therefore heavily sprayed with chemical
insecticides to control this, and other, pests. Snap beans may be sprayed as many as 14 times per
cropping season (Prada et al, 1993). Because the greenhouse whitefly has developed resistance to
severalinsecticides (Buitragoetal, 1994;vanLenteren, 1995;Cardona et al, 1998), biological control
is desired. Many natural enemies of whitefly are known (Gerling, 1990; Gerling and Mayer, 1996),
including several parasitoidshavebeen successfully usedin classical and seasonal innoculative releases
for controllingthewhitefly (Gerling, 1990;vanLenteren etal, 1997).
Within the Whitefly Project of the CGIAR IPM Program, field surveys have been carried out
ontomato attheInternational Center for Tropical Agriculture (CIAT), Cali, Colombia, and ondry and
snap bean crops in some areas of the Department of Valle del Cauca, Colombia (CIAT, 1999). These
surveys have shown that T. vaporariorum is distributed in thehillsides of the Andean region, between
1400 and 2255 m above sea level, where the average temperature is 19°C and the average relative
humidityis 80%. Thispest is alsopresent inlowland areas, oncrops located between 920 and 1200m,
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wherethe averagetemperaturerangesbetween 22°C and 24°C andtherelativehumidity drops to about
74%.
Atleast 37commercialbean cultivars aregrownin Colombia andmorethan 60beanlines have
beenimproved agronomically (Voysest, 1983). To testthepotential effect of host plant ontherm value
of T. vaporariorum, two different cultivars were used. One was the cv. Chocho, an important
commercial cultivar that is cropped, among other places, in the hillside areas of Tenerife, Valle del
Cauca. The other cultivar was ICA-Pijao, which is well adapted to greenhouse conditions and is less
susceptibletomicrobial infections.
InColombia, thegreenhousewhitefly isparasitizedby anendemicnatural enemy, theparasitoid
Amitus fuscipennis MacGown & Nebeker (Hymenoptera: Platygasteridae), which is currently being
evaluated as a potential biological control agent of the greenhouse whitefly on bean crops in Colombia
(Manzanoet al., 2000). Onecriterionusedto evaluatethepotential of natural enemies for controlling a
pest isthattheintrinsic rateofpopulationincrease( 0 ofthecontrol agent is atleast equal tothe pest's
population growthrate, thereby making biological control feasible (van Lenteren and Woets, 1988). In
this paper, the rm values ofT. vaporariorum were measured in environmental control chambers set to
simulate the climates found in hillside and lowland bean-cropping regions. Once the rm values of the
parasitoid and its host are known and compared, we can determine those altitudinal zones where A.
fuscipennis islikelytobemostefficient as abiological control agentofthegreenhouse whitefly.

Materials andmethods

Plants and whitefly cultures. Plants used in this experiment were dry bean (Phaseolus vulgaris L.)
cultivars Chocho and ICA-Pijao. They weregrown in a greenhouse at CIAT at 20°C-30°C, 40%-80%
RH and with at least 12h of light per day. Plants used in experiments were 15 days old and were not
fertilized or sprayed withchemicalproducts.
The adults of T. vaporariorum used in this study came from a colony that was established at
CIAT 5 years ago on bean plants (cv. ICA-Pijao) from insects collected from snap bean fields in
Fusagasuga, Colombia. Newgenerations werereared at 22°C-24°C,40%-80% RH and 12L:12D.

Longevity and reproduction of Trialeurodes vaporariorum. Newly emerged adults of T. vaporariorum
weresexed and cagedby pairs in clip-cages (insidediameter = 2.5 cm). Every 48-h, the clip-cage with
test insects was moved to a new leaf area until the female died. Fecundity was estimated by counting
the number of eggs laid in each period of 48 h. The caged adults were kept in environmental control
chambers under different temperature andhumidity conditions, as follows:
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Beancultivar

Temperature (°C)

Relativehumidity (%)

Chocho

19

75 ± 5

Chocho

22

70±5

Chocho

26

75± 5

ICA-Pijao

19

75+5

Development time and survival rate of immature individuals, and proportion of females of
Trialeurodes vaporariorum. About 40 adults of T. vaporariorum were placed in clip-cages (inside
diameter =2.5 cm),whichwereput onleaves ofeachcultivar. After 10h, the adults wereremoved and
spots of 100eggs ofT. vaporariorum were allowed to develop under the same conditions as described
for thelongevity experiment until the adult whiteflies emerged. Development time and survival rate of
immatureindividuals andproportionof females ofT. vaporariorum wererecorded.

Demographicparameters. Development time and survival rate of immature individuals and proportion
of females werecombined withreproduction experimental data to create 'lx-mx' life tables to calculate
demographic parameters for T. vaporariorum. For each experiment, the following demographic
parameters, asdefined byPrice, (1975) werecalculated: thenet reproductive rate (Ro, whichrepresents
thenumber of female descendants that an average female leaves in one generation), and the generation
time(T,whichisequivalenttothemeanperiodbetweenthebirthofparents andbirthofoffspring). The
intrinsic rate of population increase (r^ for T. vaporariorum under the different environmental
conditions was alsocalculated, usingtheequation givenbyCarey, (1993):

Xexp(-rmx)lxmx= 1

wherexistheage,
lxistheage-specific survival,
mxistheproportionoffemale offspring of afemale atagex

FollowingCarey, (1993),pivotal age,whichisx+0.5, wasusedtocalculatermvalues.
The rm values of T. vaporariorum at 19°C and 75 ± 5 % RH, and on bean cultivars ICA-Pijao and
Chocho weremeasured simultaneously. For treatment 22°C and 70 ± 5% RH, however, therm value
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was calculated onthe assumption that theproportion of females was 25%. The assumption was based
ontheproportions already found for 19°C and26°C.

Data analysis. Differences among values for longevity and for fecundity were compared, using the
Kruskal-Walhs One Way Analysis of Variance on Ranks test at a significance level of P <0.0001.
Oviposition rate values werecompared by one-way ANOVA at a significance level of P <0.001. For
thesethreeparameters if significance differences weredetected, multiple comparisons weremade using
the Student-Newman-Keuls method (P < 0.05). Differences in development time were tested by
Kruskal-Wallis One Way Analysis of Variance on Ranks test at a significance level of P <0.0001,
followed by multiple comparisons (Dunn's method, P < 0.05). For comparing survival rates, %2 t e s ts
wereused.

Results

Longevity andfecundity of Trialeurodes vaporariorum. Longevity (d) of T. vaporariorum females
decreased as temperature increased. It was shortest on cv. Chocho at 26°C (5.7 d). It was longest on
cv. ICA-Pijao at 19°C (35.5 d). The average longevity differed significantly among temperatures,
relative humidities and bean cultivars, except for values on Chocho at 19°C and 22°C (StudentNewman-Keuls methodP <0.05, after Kruskal-Wallis P<0.0001;Table 1). Adultlongevity curves on
cv. ChochoareshowninFigure la.
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Figurela. SurvivalcurvesofT.vaporariorumoncv.Chochoatdifferent climaticconditions.
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Meanfecundity ranged from 8.6 eggs at 26 °Concv. Chochoto 127.2 eggs at 19°C oncv. ICA-Pijao.
Themeanfecundity was significantly different amongthedifferent temperatures, relativehumidities and
bean cultivars (Kruskal-Wallis, P < 0.0001), except for values on cv. Chocho at 19 °C and 22 °C
(Student-Newman-Keuls method P < 0.05, Table 1). Reproductive curves on cv. Chocho are shown in
Figure lb. Thedifference between fecundity on cv. Chocho and cv. ICA-Pijao at 19 °C can be clearly
observed in the reproduction curves shown in Figure 2. Daily oviposition in cv. ICA-Pijao is much
higher andegglayingcontinues for manymoredays (Figure2).
Meanovipositionrate(eggs per female per 2 days) on cv. Chocho increased from 1.4 at 19°C
to 1.9 at 22°C anddecreased to 1.4 at 26 °C.It was highest on cv. ICA-Pijao (3.6) (Table 1). Average
oviposition rate was significantly different among treatments (one-way ANOVA, P < 0.0001), except
for the comparison between females on cv. Chocho at 19 °C and 26 °C (1.4 for both conditions)
(Student-Newman-Keulmethod, P< 0.05).
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Figure lb.Reproduction curvesofT. vaporariorumoncv.Chochoatdiferent climaticconditions
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Table 1.Mean longevity (d),mean fecundity (eggs) and oviposition rate (eggs/female/2 days) of Trialeurodes
vaporariorumatdifferent temperatures(T=°C),relativehumidities
(RH=%)andbeancultivars(cv.)"
22

26

75 ± 5

70±5

75 ± 5

ICA-Pijao

Chocho

Chocho

Chocho

Mean longevity*

35.5 a

22.6 b

17.5 b

5.9 c

SE

2.3

1.5

1.8

0.5

Range

14-52

6-40

6-36

2-10

No. of insects

31

36

31

27

Mean fecundity*

127.2 a

32.6 b

33.3 b

8.6 c

SE

9.7

3.9

4.3

1.5

Range

33-261

5-89

8-94

1-31

Mean Oviposition

3.6 a

1.4bd

1.9 c

1.4 d

SE

0.2

0.1

0.1

0.1

Range

2.3-5.06

0.29-4.5

0.61-3.67

0.3-3.3

Parameter

T=19

19

RH=75 ± 5

1

rate ^

"Figuresfollowed bydifferent lettersacrosscolumnsindicatesignificant differences
*Kruskal-Wallis testP<0.0001,followed Student-Newman-Keul'smethodP< 0.05
r

One-WayAnovaP<0.0001,followed Student-Newman-Keul's methodP<0.05

Development time and survival rate of immature individuals, and proportion of females of
Trialeurodes vaporariorum. Development time ofT. vaporariorum was around 30 d at 19°Con both
cultivars. ChochoandICA-Pijao. It was 24.7 and 20.3doncv.Chocho at 22°C and 26°C, respectively
(Table 2). The development times were significantly different between environmental conditions and
bean cultivars (Kruskal-WaUis P <0.0001, followed by Dunn's method, P < 0.05). Survival rate of
immatureindividuals was highest oncv. Chocho (about 97%) and decreased to about 52% onthe same
cultivar at 26°C (Table2). Significant differences insurvival rates werepresent between environmental
conditions andbean cultivars (x2 =77.7, 3df, P <0.0001), except for cv. ICA-Pijao at 19°C and cv.
Chocho at 22°C (Table 2). Theproportion of emerged females was low, being around 20% females at
19°C onbothbeancultivars, and 28%at 26°C oncv. Chocho(Table2).
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Figure2.Reproduction curvesofT. vaporariorumat 19°C,80%RHonICA-PijaoandChochobeancultivars.

Demographicparameters. The values for the different demographic parameters for T. vaporariorum
are shown in Table 2. On cv. Chocho, no large differences were found between reproduction data at
19°C (Ro= 6.2) andthose at 22°C (Ro= 8.3). Therm valuewas lower (0.044) for thefirst thanfor the
second (0.061). The reproduction data decreased for the same cultivar at 26°C (Ro = 2.3 and rm =
0.035). The main difference was found for values of cv. Chocho at 19°C (Ro = 6.2, rm = 0.044) and
thoseof cv. ICA-Pijao under the sameenvironmental conditions (Ro= 26.7 and rm = 0.072) (Table2).
For individuals oncv. ICA-Pijao, generation timewas highest (49.6) and shortest (24.7) on cv. Chocho
at 26°C (Table2).
Discussion
To comparetheresults fat longevity and fecundity was presented in this paper with those described in
theliterature, onlythoseparameters that weretested at similar temperatures during the females' whole
life span wereused. Thesedata were taken from the life-history parameters revised by van Roermund
andvanLenteren (1992), (Tables 3to 5). Theauthors did not givedata ontherelativehumidities used
intheexperiments.
Meanlongevity ofT. vaporariorum oncv. ICA-Pijao reported here at 19°C (35.5 d) was close
tothevalue(37.3d)reportedby Madueke, (1979) at 18°C(Tables 1and 3). Ourresults showeda
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Table 2. Demographic parameters for Trialeurodes vaporariomm on bean cultivars ICA-Pijao and Chocho
under different temperature (T = °C) and relative humidity (RH = %) conditions. Different letters between
columnsindicatesignificant differences (Kruskal-WallisP< 0.0001,followed byDunn'smethod, P<0.05)for
developmenttime;%2=77.7,3df, P<0.0001for survivalrateofimmatureindividuals).

Parameter

T=19

19

22

26

RH= 75 ± 5

75 ± 5

70 ± 5

75 ± 5

cv. ICA- Pijao

Chocho

Chocho

Chocho

30.4 a

29.3 b

24.7 c

20.3 d

Survival rate(%)

74 a

97.4 b

81 ac

52.3 d

Proportion of females (%)

21

19

25''

28

rm*

0.072

0.044

0.061

0.035

Bxmx (Ro)6

26.7

6.2

8.3

2.4

r

49.6

42.3

36.1

24.7

Development time (d)

"Intrinsicrate ofnatural increase
6

Netreproductive rate

'Generation time (d)
Value assumed

statistically significant reduction in longevity of T. vaporariomm with increasing temperature at 80%
RH. We reported a longevity value of 5.9 d at 26°C, equal to the one obtained by Collman and All,
(1980) at thesametemperature, and similar tothe value(4.8 d)reported by Zabudskaya, (1989) at 27°
C (1989) (Table3).
Few data exist in the literature on the fecundity of T. vaporariomm on dry bean under
conditions similar to the ones wetested. Madueke, (1979) reported a mean fecundity of 118.4 eggs at
18°C on cv. Canadian Wonder. This result was higher than the mean fecundity found on cv. Chocho
under anyoftheconditions tested (33.3, 32.6 and8.6), butlowerthanoncv. ICA-Pijao (127.2) at 19°C
(Table 4). Fecundity on two sweet pepper cultivars reported by van Lenteren et al., (1989) and
Zabudskaya, (1989) were close to the fecundity on CV. Chocho at 26°C reported in this study.
Fecundity onCV.Chocho at 19°Cand 22°C (32.6 and 33.3,respectively) werecloseto thefecundity of
a resistant tomato cultivator (37.0,Romanoff etal, 1991).Fecundity onCV. ICA-Pig at 19°C (127.2)
was close to fecundity on a susceptible tomato cultivator (130.2, Romanoff et al., 1991, Table 4).
Fecundity values
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on cucumber and aubergine (van Lenteren et al, 1977; Boxtel et al., 1978; Boxtel 1980) were much
higherthanthosefound inthis study for cv.Chocho at 22°C (Tables 1and4).
Table3. Mean longevity (d)ofTrialeurodes vaporariorum atdifferent temperatures (T = °C) andhostplants
ascompiledbyvanRoermundandvanLenteren,(1992).

T

Females

Mean

tested (no.)

longevity

Host plant

Cultivar

Reference

27

4

4.8

Sweet pepper

Novi

Zabudskaya, 1989

18

15

37.3

Bean

Canadian Wonder

Madueke, 1979

22.5

15

25.3

Bean

Canadian Wonder

Madueke, 1979

26

82

5.7

Bean

Contender

Collman&All, 1980

19

17

18.2

Tomato

Allround

Romanow et al., 1991

'susceptible'
19

20

11.5

Tomato

'Resistant' accession

Romanow et al.., 1991

21

44

58.7

Tomato

Tiny Tim

Curry &Pimentel, 1971

27

4

20.3

Tomato

Immuny

Zabudskaya, 1989

22

40

20.2

Cucumber

IVT 71-240

Boxtel, 1980

22

44

30.4

Aubergine

Mammouth

Boxtel, 1980; Boxtel et al.,
1978; van Lenteren et al.,
1977;

Woets

&

Lenteren, 1976

The mean oviposition rate values of the greenhouse whitefly reported on dry bean of 3.5, 4.7
and 3.0 at 18°C, 22.5°C and 27°C, respectively, by Madueke, (1979; Table 5) were higher than the
onesreportedhereoncv. Chocho,but weresimilar tothevaluefound for cv. ICA-Pijao (3.6) (Table 1).
On sweet pepper cv. Tisana at 22°C, Woets and van Lenteren (1976), van Lenteren et al, (1977),
Boxteletal., (1978) andBoxtel, (1980)reported avalueof0.72, alllessthanthe values reported inthis
paper (Tables 1and 5). Boxtel, (1980) and Boxtel et al, (1978) reported onthe same cultivar Tisana,
atthesametemperature, a valueof 3.8. This ishigher than thevalues reported oncv. Chocho, but itis
closetothat for cv. ICA-Pijao (3.6). Oviposition rates ontomato, cucumber and auberginereported by
van Lenteren et al., (1977), Boxtel et al., (1978) and Boxtel, (1980) were higher than those reported
here for either bean cultivar (Tables 1and 5). Net reproduction (Ro) values at 27°C on different sweet
pepper cultivars rangedbetween 1.34 and 25.92 (Zabudskaya, 1989).
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Table 4. Mean fecundity (eggs) of Trialeurodes vaporariorum at different temperatures (T = °C) and host
plantsascompiledbyvanRoermundandvanLenteren(1992).

T

Females

Mean

tested (no.)

fecundity

Host plant

Cultivar

Reference

23.2

53

9.1

Sweet pepper

Tisana

van Lenteren et al., 1989

23.4

53

82.7

Sweet pepper

Angeli Emleke

van Lenteren et al, 1989

4

8.5

Sweet pepper

Podarok Moldovy

Zabudskaya, 1989

27

4

163.0

Sweetpepper

Lastochka

Zabudskaya, 1989

18

15

118.4

Bean

Canadian Wonder

Madueke, 1979

19

130.2

Tomato

Allround 'susceptible'

Romanow et al, 1991

19

---

37.0

Tomato

'Resistant' accession

Romanowei a/., 1991

20

25

210.7

Tomato

Money Maker

Dorsman & van de Vrie,

27

1987
22

40

176.4

Cucumber

IVT 71-240

van Lenteren et al, 1977;
Boxtel et al, 1978; Boxtell,
1980

22

44

416.5

Aubergine

Mammouth

van Lenteren et al.., 1977;
Boxtel era/., 1978; Boxtel,
1980

Rovalues oncv. Chochoarewithinthis range(2.4, 6.2 and8.3). TheRovalueoncv. ICA-Pijao (26.7)
is closetothehighest value of the range. Yano (1989), using different temperature regimes during day
andnightontomato, found Rovalues for T.vaporariorumbetween 17.4 and 39.9. TheRovalueoncv.
ICA-Pijao was withinthis range (26.7). Therm values reported by Zabudskaya, (1989) ranged between
0.008 and 0.104. The rm values on cv. Chocho (0.035, 0.044 and 0.061) and cv. ICA-Pijao (0.072)
reported here was in this range. The rm values reported by Yano, (1989) ranged between 0.0455 and
0.0932. Therm values of 'Chocho' at 19°C (0.044) and 22°C (0.061), and ICA-Pijao (0.072) were in
this range. Therm values of the greenhouse whitefly on resistant and susceptible cultivars were 0.066
and 0.097, respectively (Romanow et al., 1991). Therm valueof the susceptible tomato was similar to
the value reported here for cv. ICA-Pijao. Van Lenteren and Hulspas-Jordaan, (1983) cited and
reported different rm values for T. vaporariorum. At 18°C, rm values were 0.096 and 0.127; at 21°C,
0.077and0.139; at 22.5°C, 0.112; at 27°C, 0.201.
In our experiments, a strongly male-biased sex ratio was found. We did not find the 'normal'
sexratio of 1:1 mentionedby vanLenteren andNoldus, (1990). Our result cannotbeeasily explained
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becausesexratioinT. vaporariorumisthought tobeindependent of temperature andhost-plant species
(vanLenteren andNoldus, 1990).
Differences in suitability for whiteflies of bean cultivars may account for the greater longevity
and fecundity ofT. vaporariorum on cv. ICA-Pijao (35.5 d and 127.2 d, respectively), compared with
cv. Chocho (22.6 d and 32.6 d, respectively) under the same conditions of 19°C, 75 ± 5% RH. Van
Lenteren andNoldus, (1990)havefound that, for T.vaporariorum on arangeof host plants, themorea
plantispreferred, thelarger thetotal number of eggs laidper female, thehigher theoviposition rate, the
higher the longevity of females, the shorter the development time from egg to adult, and the lower the
mortality rates in all stages. According to longevity and fecundity values, they ranked host plant
preference of whitefly as follows: aubergine>cucumber = gherkin= melon = gerbera =tobacco >bean
=tomato> sweetpepper.
Our results suggest that for the Colombian T. vaporariorum population, bean is in a range of
suitability between sweet pepper and tomato, but more interesting is our finding that large differences
exist among bean cultivars at 19°C: cv. Chocho appears to be much less suitable for T. vaporariorum
thancv. ICA-Pijao. Oncv. Chocho,longevity, fecundity and ovipositionrate ofT. vaporariorum were
lower thanoncv. ICA-Pijao, whichreflected a muchlower rm value (0.044) on cv. Chocho than oncv.
ICA-Pijao (0.072).
Variation in host-plant suitability may affect the biological control of the greenhouse whitefly.
For example, van Lenteren and Noldus, (1990) found that themore suitable a plant is for the whitefly,
the more difficult it is to control it with the parasitoid Encarsiaformosa Gahan. Van Lenteren and
Woets, (1988) alsofound that whitefly control iseasy onsweetpepper andtomato and moredifficult on
goodhost plants such as aubergine or cucumber. Reasoning in the same way, we may expect that the
biological control of T. vaporariorum by the parasitoid A.fuscipennis will be easier on cv. Chocho
becauseofthewhitefly's lower populationgrowthrate.
During our fleldwork, we observed that, without having our scientific basis, farmers knew that, of the
bean cultivars, T. vaporariorum least prefers cv. Chocho. On one field trip to the El Dovio area of
Valledel Cauca, we asked to a farmer whyhepreferred cropping cv. Chocho. He answered, 'because
thegreenhousewhitefly does notlikethis cultivar toomuch'. (Additionally, this cultivar produces abig
red seed, much appreciated by Colombian consumers.)
Thereasons behindthedifferences in suitability between thetwo bean cultivars tested in this study are
unknown and deserve attention because any resulting knowledge may provide insight into resistance
mechanisms that couldthenbeexploited.
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Climatic conditions influence population development of T. vaporariorum. According to our
results on cv. Chocho, T. vaporariorum has similar longevity and fecundity in hillside areas (19°C,
80% RH) as in lowland areas (22°C, 74% RH). These results agree with our field survey results.
However, ataconstanttemperature of 26°C, combined with ahighrelativehumidity of 75%, longevity,
fecundity and survival rates decrease dramatically. The latter environmental parameters represent the
climate in the Colombian North Coast, where RH may be even higher than 80%: T. vaporariorum is
absent here, but other whitefly species do occur: Bemisia tabaci (Gennadius) and B. argentifolii
Bellows and Perring on vegetable crops, and B. tuberculata Bondar, T. variabilis (Quaintance) and
Aleurotrachelus socialis Bondar oncassava (Cardona etal., 1998).
A useful study would be to determine therm value of T. vaporariorum on cv. Chocho directly
under field conditions tocomparewithlaboratory results. Untilnow, difficult conditions haveprevented
us from performing field experiments. Often, rm values determined in the field are lower than in the
laboratory, becausemany factors, not appearing inthelaboratory, play aroleinmortalityrates.
Currently, we are measuring the population growth of the parasitoid A. fuscipennis on T.
vaporariorum feeding on both bean cultivars. Results will be compared with data found for whitefly.
Basedonpreliminary experiments, thepopulation growthrate of this parasitoid is expected tobehigher
thanthat of T. vaporariorum, especially on cv. Chocho. This indicates that A.fuscipennis could be a
promising candidatefor biological control ofgreenhousewhitefly onbeans.
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4. Intrinsic rate of population increase of Amitus fuscipennis MacGown &
Nebeker (Hymenoptera: Platygasteridae) according to climatic conditions
andbeancultivar

Sumitted without modifications as:Manzano, M. R., J. C. vanLenteren &C. Cardona. Intrinsic rateof
population increase of Amitus fuscipennis MacGown & Nebeker (Hymenoptera: Platygasteridae)
accordingtoclimatic conditions andbean cultivar.
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Abstract
Data on adult longevity, reproduction and intrinsic rate of population increase of insect parasitoidAmitus
fuscipennisMacGown & Nebeker (Hymenoptera: Platygasteridae) were obtained under different climatic
conditions on two bean cultivars. The insect host was the greenhouse whitefly Trialeurodes vaporariorum
(Westwood)(Homoptera:Aleyrodidae). Oncv.Chocho,at 19°C,75+5%RHandat22°C,70±5%RH, mean
longevityofadultAmitusfemalesonthehostinsectwas9.3and5.7days;meanfertility was64.1eggsand52.7
eggs;andrm values were0.102 and 0.144 for therespective conditions. On cv. ICA-Pijao, at 19°C, 75± 5%
RH,mean longevity was 15.2days;mean fertility was highest (162.8 eggs), and rm value was 0.117. Therm
valuesofA. fuscipennis werehigher than thoseof its host under the same tested conditions. This parasitoid
may therefore be a suitable candidate for use in innundative biological control programs against T.
vaporariorum.

Introduction

The greenhouse whitefly, Trialeurodes vaporariorum (Westwood) (Homoptera: Aleyrodidae) is an
important pest, especially in vegetable and ornamental crops (van Lenteren and Martin, 1998). It is a
keypestofdry andsnapbeans (bothPhaseolusvulgarisL.) inColombia (Prada etal., 1993).
Because the greenhouse whitefly has developed resistance to several insecticides (Buitrago et
al., 1994; vanLenteren, 1995; Cardona et al, 1998), an alternative control mechanism, a guided pest
control system, has been implemented. It consists of combining cultural control practices with
insecticide applications at a pre-established action level (Prada et al, 1993). When the system of
guided pest control was tested in a series of trials conducted on farmers' fields, it resulted in a 54%
reduction in insecticide use and an 18% reduction in costs, compared with the conventional pesticide
sprayprogram (Prada etal, 1993).
The system of guided pest control lacks a biological component. To improve the system, the
native parasitoid Amitus fuscipennis MacGown & Nebeker (Hymenoptera: Platygasteridae) is being
evaluated as apotential biological control agent of the greenhouse whitefly on bean crops in Colombia
(Manzanoetal, 2000). Amitusfuscipennis has beenfound innorthern SouthAmerica (including inthe
Andes) and the Caribbean, and seems to be partly responsible for the present low infestation of T.
vaporariorum in field crops in Rionegro, Department of Antioquia, Colombia (C. Cardona, personal
observation). The performance of A. fuscipennis is also being tested on tomatoes in greenhouses in
Colombia (Visetal, 1999).
The Andes separate into three ranges in Colombia, making the cropping of dry and snap beans
possible at different altitudes. Within the Whitefly Project of the CGIAR IPM Program, field surveys
have been carried out on tomato, and dry and snap beans at the International Center for Tropical
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Agriculture (CIAT) and in some areas of the Department of Valle del Cauca (CIAT, unpublished,
1999). Results ofthese surveys showedthatA.fuscipennis andT. vaporariorumcanbefound together
in tropical high-altitude cropping areas located above 1000 m, or at mid-altitude areas, between 4001000m (CIAT, 1999 unpublished results). Around 1500 m, average temperature is 19°C and relative
humidity 80%.Inmidland areas, averagetemperature increases tobetween 22°C and 24°C and average
relativehumidity decreases to about74%.
The aim of the research reported here was to determine the reproductive capacity of A.
fuscipennis, measured as the intrinsic rateof population increase (rnl), under two sets of environmental
conditions that simulated those of the highland and midland areas mentioned above. At least 37
commercial bean cultivars are cropped in Colombia and more than 60 bean lines have been improved
agronomically (Voysest, 1983). Because testing all these materials would be impossible, two were
chosen:thecv. Chocho, whichis commercially grown onhillside areas of the Andes (e.g., Tenerife and
El Dovio, Valledel Cauca), and cv. ICA-Pijaothat is well adapted to greenhouse conditions, being less
susceptibletomicrobial infections.
Therm values of theparasitoid were compared with those of its host, the greenhouse whitefly,
estimated under similar conditions. If the reproductive capacity of A. fuscipennis is similar or exceeds
that of its host under comparable conditions, A.fuscipennis could be a promising candidate for the
biological control of T. vaporariorum (van Lenteren and Woets, 1988), and thus for becoming a
componenttoimplement an IPM system for thegreenhousewhitefly over abroader area.

Materials andmethods

Plants, andwhiteflyandparasitoid cultures.Theplantsusedintheexperimental trials were 15-day-old
plants of the bean (Phaseolus vulgaris L.) cultivars Chocho and ICA-Pijao. The plants received no
fertilization orother chemical applications.
Whiteflies (Trialeurodes vaporariorum) were initially collected 4 years ago from snap bean
crops in Fusagasug&, Department of Cundinamarca, Colombia. They have sincebeen reared at CIAT
onthebeancultivar ICA-Pijao at 22°C-24°C,40%-80% RH, and 12L:12D.
A colony of A. fuscipennis was established in September 1996, also at CIAT. These
parasitoids originated from bean crops in Tenerife, Valle del Cauca. They were reared on first and
second instars ofT. vaporariorum, using the same host-plant species as the whitefly colony and under
thesameconditions: 22°C-24°C, 40%-80% RH, and 12L:12D.
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Longevity and reproduction ofAmitusfuscipennis. Small clip-cages (insidediameter measures 1.8 cm)
were used to create two or three-T. vaporariorum infested spots per leaflet. Twenty whitefly adults
were confined within the cage for 8 h. After the adults were removed, the eggs were manipulated to
later obtain spots with atleast 50nymphs.
When the nymphs reached first instar, unmated female parasitoids of less than 24 h old were
introduced individually into a larger clip-cage (inside diameter = 2.5 cm) that entirely covered the
infested spot. Every 24 h, the introduced parasitoids were transferred via an oral aspirator to a new
whitefly infested spot untilthefemale parasitoids died. Parasitized whiteflies weremaintained until the
parasitoids emerged. Only single females were caged becauseA.fuscipennis reproduces by thelytoky
(Manzanoef a/., 2000).
Thetrials wereconducted inenvironmental control chambers,as follows:

Females

Temperature

Relative nun lidity Daylength

Bean cultivar

(no.)

CO

(%)

(L:D)

23

19

75 ± 5

12:12

Chocho

21

22

70+ 5

12:12

Chocho

19

19

75 ± 5

12:12

ICA-Pijao

Werecorded thenumber and sexof parasitoid offspring emerging from theparasitized whitefly nymphs.

Development time, survival rate andproportion offemales of Amitusfuscipennis. Spots of whitefly
first-instar nymphs on cv. Chocho were each exposed toA.fuscipennis females during 24 h. After the
parasitoids wereremoved, some spots of whiteflies were kept at 22°C and 70 ± 5% RH and others at
19°Cand75± 5%RHuntil theparasitoids emerged.
Development time and proportion of females of A. fuscipennis were also recorded for cv. Chocho.
These parameters had previously been calculated for A. fuscipennis at 19°C on cv. ICA-Pijao
(Manzanoera/., 2000).
The survival of individuals from thepupa-adult period was estimated by the ratio of dead pupae to the
imago parasitoids that emerged from the parasitized spots. Survival rate, development time and
proportion offemales werealsousedtocreate 'lx-mx' lifetables for A. fuscipennis.

The intrinsic rate of population increase. Experimental data on the development time of immature
individuals and reproduction were combined to create 'lx-mx' life tables that were used to calculate
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demographic parameters for A. fuscipennis. For each experiment, the following demographic
parameters, asdefined byPrice (1975), werecalculated: thenetreproductiverate, Ro (whichrepresents
thenumber of female descendants that an average female leaves in one generation), and the generation
time(T, whichisequivalent tothemeanperiodbetweenthebirthofparents andthebirth of offspring).
The intrinsic rate of population increase (rnl) for A. fuscipennis under the different
environmental conditions was calculated, usingtheequation givenby Carey (1993):

Xexp(-rmx)lxmx=1

wherexistheage,
lxisthe age-specific survival, and
mxistheproportionof females intheoffspring of afemale at agex.

Following Carey (1993),pivotal age, whichisx +0.5,was usedtocalculatermvalues.

Data analysis. Differences between the mean values of treatments were tested for significance by oneway ANOVA for normally distributed populations and, when normality failed, by the Kruskal-Wallis
One Way Analysis of Variance on ranks test. If significance differences were detected, multiple
comparisons weremadeusing the Student-Newman-Keuls method or the Dunn's method (P < 0.05, for
both of them). The development time of immature individual was compared using the Mann-Whitney
test.

Results

Longevity and reproduction ofAmitusfuscipennis. Mean female longevity was highest (15.2 days) on
cv. ICA-Pijao at 19°C (Table 1); differences can clearly be seen in the survival curves (Figure 1). A
Student-Newman-Keuls method P < 0.05, after Kruskal-Wallis One Way ANOVA test P < 0.0001
indicated adifference infemale longevity betweenthethreesets of environmental conditions.
A. fuscipennis did not demonstrate anypre-oviposition period, oviposition starting immediately
after emergence (Figure 2). The number of eggs/day/female decreased continuously on cv. Chocho,
whereas it increased on cv. ICA-Pijao when females were between 5 and 15 days old, then decreased
again(Figure2).
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Mean life time fertility was significantly higher (162.8 eggs) on cv. ICA-Pijao at 19°C
(Kruskal-Wallistest, P <0.001; Table 1)but did not differ significantly on cv. Chochobetween 22°C
and 19°C (Dunn's method after Kruskal-Wallis test, P< 0.05;Table 1).

Table1.LongevityandfertilityofAmitusfuscipennisatdifferent temperatures(T=°C),relativehumidities
(RH=%),andbeancultivars
Parameter

T= 19
RH=75+5
ICA-Pijao

Meanlongevityt ± SE(days)
Range
Numberofinsects
Meanlifetimefertility*± SE

15.2a±1.2
4-23
19

T=19
RH=75±5
Chocho
9.3b±0.8
4-18
23

T=22
RH=70±5
Chocho
5.7c+0.4
3-9
21

162.8a±18.7

64.1b±12.6

52.7b±6.9

43-299

7-262

14-124

6.8b±1.0

9.2ab±0.8

(eggsper female)
Range
Meandailyfertility*± SE

10.7a±0.8

(eggsperfemale)
Range

4.6-17.3

1.2-19.2

1.8-17.3

Student-Newman-Keulsmethod,P<0.05,after Kruskal-WallisOneWayANOVAonranks,P< 0.0001
*Dunnn'smethod,P< 0.05,after Kruskal-WallisOneWayANOVAonranks,P<0.001
*Student-Newman- Keulsmethod,P< 0.05,after OneWayANOVA,P<0.001

Mean daily fertility was highest on cv. ICA-Pijao (10.7 eggs) and lowest (6.8 eggs) on cv. Chocho at
19°C (Table 1). The mean daily fertility was not significantly different under the two sets of
environmental conditions for cv. Chocho,but became significantly different between cv. Chocho andcv.
ICA-Pijao at 19°C (Student-Newman-Keuls P <0.05, after One Way ANOVA, P < 0.001; Table 1).
Offspring werefemales only.

Development time of immature individuals, survival rates and proportion of females of Amitus
fuscipennis. On cv. Chocho, the shortest development time for A.fuscipennis was 25.5 days at 22°C,
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being significantly different tothat of 37.5 days at 19°C (Man-Whitney test, P<0.0001; Table 2). No
significant difference in the survival rate was present on cv. Chocho between 19°C and 22°C. All
offspring werefemales (Table2).

Demographicparameters. The values for the different demographic parameters of A.fuscipennis are
shown in Table 3. On cv. Chocho, the net reproductive rate decreased as temperature increased, being
64.1 at 19°C but 52.7 at 22°C. The intrinsic rate of natural increase ( r j was also lower at 19°C
(0.102) than at 22°C (0.144). For cv. ICA-Pijao, the rm was 0.117 at 19°C. Generation time was
similar at 19°C for bothChocho (41.1) andICA-Pijao (44.6),but decreasingto 27.5 at 22°C oncv.
Chocho.

-ICA-Pijao19°C
-CnoctoWC

-Cnarc22°C

1 2 3 4 5 6 7 8 9 1011121314151617181920212223
Ageoffemales(days)

Figure 1. Survival rate curves of A. fuscipennisfemales under different environmental conditions on bean
cultivarsICA-PijaoandChocho
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Table2.Meanpre-imaginaldevelopment time(DT)in days,survivalrate (%),andpercentageoffemales ofA.
fuscipennis onbean cultivars Chochoand ICA-Pijao. Statistical comparisons madewithin cv. Chocho.Values
acrosscolumnsfollowed bythesameletterarenotstatistically different

Cultivar

Climaticconditions Numberof
(°C,RH%)

MeanofDT*±SE Range Survivalrate1 Females(%)

insects
34

25.5 a ±0.31

19, 75 ±5

32

ICA-Pijao" 19, 75 ±5

390

Chocho

22, 70 ± 5

Chocho

23-28

88.2 a

100

37.5 b± 0.24

35-41

100.0 a

100

38.1 ±0.1

35-45

99.2

100

"TheseresultscomefromManzanoetal., 2000.
*Man-Whitneytest,P< 0.0001forpre-imaginal developmenttime
'Fisherexacttest

25

60

ao
W

1 2

3

4

5

6

7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 20 21 2 2 2 3

Age of females (days)

Figure 2.Reproduction curves ofA. fuscipennis on Trialeurodes vaporariorum under different environmental
conditionsandbeancultivars.
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Table 3. Demographic parameters forAmitus fuscipennis on bean cultivars Chocho and ICA-Pijao at different
temperatures (T= °C)and relative humidities (RH = %)

Parameter

T=19
RH= 75 ± 5
cv. ICA-Pijao

rm

a

Ro b
V

T=19
RH = 75 ± 5

T =22
RH = 70 ± 5

cv.Chocho

cv. Chocho

0.117

0.102

0.144

162.7

64.1

52.7

44.8

41.2

27.5

Intrinsic rate ofnatural increase
b

Net reproductive rate

c

Generation time in days

Discussion

Adult longevity of A.fuscipennis in the presence of hosts on cv. ICA-Pijao was higher than on cv.
Chocho. Longevity of 15.2 d reported here for cv. ICA-Pijao is closer to the value of 13.6 d reported
for A.fuscipennis ontomato at 20°C by Vis et al., 1999. The short longevity of A.fuscipennis can be
related to its reproductive physiology. Amitus females are pro-ovigenic, and live only a few days
(Gerling, 1990) whenhosts arepresent, for example,A. hesperidium Silvestri lives 4-5 d (Nguyen and
Hamon, 1993);A bennettiViggiani &Evans 5-8 d,depending ontemperature (Drost et al., 1999); and
A.fuscipennis 6, 9 or 15 d (this study). Synovigenic species like the whitefly parasitoid Encarsia
formosa Gahanusually livelonger (Gerling, 1990). Kajita, (1979) reported that, at 20°C, E. formosa
lived for 31.9d,laying eggson T. vaporariorum.
Mean fertility of A.fuscipennis was alsohigher on cv. ICA-Pijao than on cv. Chocho. On cv.
Chocho, most eggs werelaid on days 0-6, whereas on cv. ICA- Pijao oviposition increased again after
day 6. This result is not easily explained, but probably the abundance of hosts, under all three
environmental conditions, mayhaveledtotheentireeggloadbeinglaidbefore thefemales died.
Mean lifetime fertility reported here of 162.8 eggs per female for A.fuscipennis on cv. ICAPijaowaslower thanthevalueof 270eggsper female reported ontomato at 20°Cby Vis etal., (1999).
The fertility of A.fuscipennis on cv. ICA-Pijao was in the same range as that of A. hesperidium,
accordingtoNguyenand Hamon, (1993). They reportedthat eachfemale ofthis species could produce
as many as 70 offspring in 4-5 d. Joyce et al, (1999) reported an average daily fertility of 78.8 eggs
per day for A. bennetti. Pre-imaginal development at 19°C on cv. Chocho (37.5 d) was similar to that
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on cv. ICA-Pijao at the same temperature (38.1 d; Manzano et al, 2000). A longer preimaginal
development of 41.7 d at 20°C was reported for A. bennetti by Drost et al., 1999). E.formosa took
32.2 d at 20° C (Dorsman and van de Vrie, 1987) for pre-imaginal development. This difference
between both genera is influenced by the host instar preferred for oviposition; Amitus prefers first
instars (Joyceetal., 1999;Drost etal, 1999) andEncarsia prefers third and fourth instars, and theprepupae (van Lenteren et al., 1980). Offspring consisted only of females, a result consistent with the
assumption ofthelytokyreproduction of A.fuscipennis. Pupal survival rate was high andunaffected by
temperatures ranging between 19°C and 22°C. Nevertheless, the total survival rate of immature
individuals wasunderestimated becausemortality ateggorlarval stages couldnotbe determined.
The net reproductive (Ro) values were lower than the value of 264 reported, also for A.
fuscipennis, ontomato by Vis et al., (1999). Ro values reported here werehigher than those recorded
for an arrhenotokous population of Eretmocerus sp. (12.09, 23.02) at 20°C (Powell and Bellows,
1992). The Ro rates of our study (on cv. Chocho) fall within the range of 43.8-73.1 reported for A.
bennettiby Joyceetal., (1999).
Thelowest mean daily fertility ofA. fuscipennis (6.8 eggs) was higher than that of A. bennetti
(6.3 eggs) reported by Joyce et al, (1999). It was also higher than the range recorded for
arrhenotokous (2.67-3.34) andthelytokous (1.79-4.04) populations of Eretmocerus sp. at 20°C (Powell
andBellows, 1992).
Reproductive differences for A. fuscipennis females kept under the same environmental
conditions and on different cultivars could be related to host-plant characteristics such as leaf
morphology, chemical composition or other interactions not examined inthis study.
Despite these differences, the rm values of A. fuscipennis were higher than those of T.
vaporariorumunder the same environmental conditions and on the same bean cultivars. At 19°C and
22°C on cv. Chocho, rm values of T. vaporariorum were 0.043 and 0.078, respectively (M. R.
Manzano, unpublished results). The rra value of A.fuscipennis on cv. Chocho was highest at 22°C,
partly because theparasitoid has a shorter generation time at this temperature. At 19°C, on cv. ICAPijao, thermvaluewas 0.066 (M. R. Manzano, unpublished results).
Therm values of A. fuscipennis were higher than those of T. vaporariorum because, first, half of the
whitefly eggs were female, whereas all parasitoid eggs were females. This, combined with a low
mortality rate for immature parasitoids, permitted higher Ro values for the parasitoid than for the
whitefly.
Second, on cv. Chocho, which is of lower quality for T. vaporariorum than ICA-Pijao (M. R.
Manzano, 2000 unpublished results), the total amount of eggs laid by A.fuscipennis was even larger
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thanthetotal amount of eggs laid by the greenhouse whitefly. Vis et al., (1999) also reported a higher
rmvalueforA.fuscipennis (0.160)thanfor T. vaporariorum(0.064) ontomato at 20°C.
The rm values reported for A.fuscipennis compare favorably with other whitefly parasitoids
used for biological control. For E.formosa laying eggs on T. vaporariorum, Arakawa (1982) reported
a rmvalue of 0.2. Vet and van Lenteren, (1981) reported a rm value of 0.137 for the same parasitoidhost interaction.
Van Lenteren and Woets, (1988) proposed that an efficient parasitoid should have a potential
maximumrateof population increase (rnl)equal to orlarger thanthat of its host. Whenthis criterion is
applied toA. fuscipennis and its host, T. vaporariorum, we conclude that A.fuscipennis would be an
efficient biological control agentofT. vaporariorum inColombia intropical highland areas above 1000
m(averageconditions of 19°C, 80%RH), andinmidlandareas around400-1000m(averageconditions
of22°C, 74% RH).
Life-history data suggest that biological control ofT. vaporariorum could be successful on the
commercial cv. Chocho. This cultivar is a less suitablehost for thewhitefly than is cv. ICA-Pijao (M.
R. Manzano, 2000unpublished results). The intrinsic rate of increase is higher for A. fuscipennis than
itisforT. vaporariorumunder thetwo sets of environmental conditions. Under field conditions, should
T. vaporariorum be densely populated, an initial mass release of A.fuscipennis may effectively and
quicklyreducethe whitefly.
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5. Searching behavior ofAmitusfuscipennis, a parasitoid of the greenhouse
whitefly
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Abstract
AmitusfuscipennisMacGown &Nebekerisaparasitoidofthegreenhouse whitefly, Trialeurodes vaporariorum
(Westwood). Itisfound on several cropsatfield andgreenhouse conditions in Colombia. Knowledge about the
foraging behavior ofparasitoidsisessential toestimatetheefficiency ofbiological controlagentsunder various
conditions and todevelopparasitoidrelease strategies.Therefore, the searching and oviposition behavior ofA.
fuscipenniswasstudiedinthelaboratory, usingT. vaporariorum asahostonbeanleaves.Theparasitoid's basic
search pathway consisted of walking, encountering thehost, anddrumming andprobing it. While walking, the
parasitoidstoppedfor shortperiodsoftimes,partlytopreenherself.Walking whilesearchingcomprised 61%of
the adults' time budget, andprobing hostsrepresented 16%. Theremainder of the time consisted of standing
still,encounteringanddrumminghosts,andpreening.After ahostnymph wasparasitized byA.fuscipennis, the
parasitoidremained close byand continued searching for new hosts in theimmediate vicinity. Such behavior
suggests area-restricted searching. First and second nymphal instars ofT. vaporariorum were preferred bythe
parasitoid for oviposition.Amitusfuscipennis onaverage walked faster before an oviposition (1.4mm s'1)than
do other whitefly parasitoids. A.fuscipennis had a high percentage of host acceptance resulting in a high
percentageparasitism (60%)of all encounteredhosts.Theparasitoid preferredfirstinstars ofT. vaporariorum
for oviposition, resulting in long developmental times. Theimplications of these findings for thecontrol ofT.
vaporariorumarediscussed.
Introduction

Parasitoids canhelp makesustainable agriculture successful byregulating pest populations without the
needfor chemicalpesticides. Basic knowledgeof parasitoid biology andecology is essential tobe able
to evaluate their usefulness as a biological control agent. The performance of parasitoids in the field
or greenhouse can be estimated by studying those behavioral parameters that indicate their efficacy
and potential application as biological control agents (e.g. van Roermund, 1995; Mattiacci et al.,
1999).
Inthis study, the tritrophic system we investigated consisted of dry bean (Phaseolus vulgaris
L.), one of its key pests—the greenhouse whitefly, Trialeurodes vaporariorum (Westwood)
(Homoptera: Aleyrodidae)—and its nymphal parasitoid, Amitus fuscipennis MacGown & Nebeker
(Hymenoptera: Platygasteridae).
Beans are important crops in the developing world, not only because they are the cheapest
source of protein in many countries, but also because they are a very economical source of calories
(Pachico, 1993). Out of nearly 10 million tons of dry beans produced annually, 46.2% is produced by
Latin America (Pachico, 1993). Because of the beans' economic importance in Latin American
countries such us Colombia, a guided pest control system has been developed for this crop (Prada et
al.,1993).
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The greenhouse whitefly is worldwide a major pest of vegetable and ornamental crops. Many
natural enemies of whitefly are known (Gerling, 1990; Gerling and Mayer, 1996), and several species
of parasitoids have been used successfully in both classical and seasonal innoculative releases for
whitefly control (Gerling, 1990; van Lenteren et al, 1997). At present, biological control of T.
vaporariorum by the parasitoid Encarsia formosa Gahan is commercially successful for several
greenhousevegetables and ornamentals (vanLenteren etal, 1996;vanLenteren, 2000).
T. vaporariorum frequently reaches key pest status on bean crops in Colombia, resulting in
intensive application of chemical pesticides. Pest resistance to pesticides began appearing in 1978/79.
Recently, whitefly resistance to several insecticides has been detected (Cardona et al., 1998;
Rodriguez and Cardona, in press), accompanied by farmer intoxication during chemical application
(Rodriguez and Cardona, in press). Even so, chemical control of whiteflies is still the method most
favored by Colombian farmers. As an alternative, a system of guided control was implemented. It
consists of combining cultural control practices with the application of insecticides at pre-established
action levels (Prada et al, 1993). The guided practices were tested in a series of trials conducted in
farmers' fields, resulting in a 54% reduction in insecticide use and an 18% reduction in costs,
compared with the conventional pesticide spray program (Prada et al., 1993). Bacillus thuringiensis
(commercial toxin) was applied for thecontrol of insects that consumethesnapbean foliage.
As an important addition to the guided control program, the parasitoid A.fuscipennis is being
evaluated as a potential control agent of T. vaporariorum on beans in Colombia. The parasitoid is
abundant, and widely distributed inColombia insome areas ofthe Andes, andininter-Andean valleys.
The species has also been found in Central America, northern South America, and the Caribbean
(MacGown & Nebeker, 1978).A. fuscipennis has a strongly female-biased sex ratio (Manzano et al.,
2000; chapter 2) and shows intrinsic rates of population increase (rnJ higher than those of T.
vaporariorum at climatical conditions in Colombian fields (Chapter 4). These biological
characteristics support the hypothesis that A.fuscipennis has potential as a useful biological control
agent ofT. vaporariorum. Somefew data onbiology and longevity of A. fuscipennis areprovided by
Medina etal, (1994).Theusefulness ofA.fuscipennis for control of whiteflies is alsobeing tested on
tomatoes ingreenhouses inColombia (deVis etal, 1999).
Effectiveness ofparasitoids asbiological control agents depends to a great extent ontheir host
finding behavior. Therefore, examination of the searching behavior of a parasitoid species is a basic
step toward its evaluation as a biological control agent. In this paper, we report on the searching
behavior over short distances ofA.fuscipennis onbean leaves infested with T. vaporariorum nymphs.
In particular, we (1) analyze the oviposition behavior and instar preference for oviposition, (2)
quantify the searching behavior, and (3) measure the walking speed of the parasitoid before an

85

Chapter5

oviposition event. Results willbecompared tothose of other successful biological control agents such
asE. formosa and otherAmitus species.

Materials and methods
Plants. Beanplants (PhaseolusvulgarisL. cv. ICA-Pijao) weregrown under greenhouseconditions at
22 + 0.4 °C, 80.7 ± 19.2 % RH, and 12L:12D. Plants did not receive fertilizers or chemical
treatments. The plants were cut down when they were 15 to 20 days old to bear only one trifoliate
leaf.
Parasitoids.A. fuscipennis wasreared for 3 years at the International Center for Tropical Agriculture
(CIAT), Colombia. A. fuscipennis was reared by infesting bean plants (cultivar ICA-Pijao) with T.
vaporariorum adults for 24 h. Subsequently, whitefly adults were removed and plants were set in
cagesuntil whitefly eggs hatched and nymphs reached first or second instar. At these stages, thehosts
were exposed to parasitoid adults for 48 h. Later, plants were left in a cage until parasitized pupae
becamedark gray, indicating that parasitoids wereclose to emergence. After parasitoid emergence, the
cycle was repeated. To obtain adult parasitoids for our experiments, leaves bearing parasitized pupae
werecut oneday before observation andplaced in glass petri dishes (15 cm in diameter) on dry tissue
paper at 19 °C, 80 ± 10% RH, L12:D12. Most parasitoids emerged in the early morning hours. No
food was added. For each observation, a recently emerged female of A. fuscipennis, without
oviposition experience, wasused.

Searching and oviposition behavior. A bean plant was cut down to bear three leaflets. Each leaflet
was infested with T. vaporariorum by caging whitefly adults in clip-cages (2.5 cm diameter) for 4 h.
Leaflets werere-infested every 4 days for a total of four infestations to obtain similar proportions of
1st,2nd, 3rd,and4th (includingred-eyed nymphs)instars ofT. vaporariorum.
Theleaflet still attachedtotheplant andinfested with different instars ofT. vaporariorum was
placed with the abaxial sideup under a stereomicroscope. The number of each instar type per leaflet
was counted and mapped topermit later identification of instar parasitism. Onefemale parasitoid was
then released inthe middle oftheleaflet, andits searching and oviposition behavior recorded for 1h,
using ahand-held computer (PsionWorkabout) withthe software The Observer3.0 (Noldus, 1991).
Thebehavioral components recorded were (a) walking (i.e., searching for ahost), (b) standing
still, (c) preening, (d) encountering a host (i.e., making contact with the host with the antennae), (e)
drumming a host (i.e., inspecting the host with the antennae and (f) adopting the oviposition posture
(i.e., feeling about and entering the host with the ovipositor; also addressed as "probe"). If thehost is
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accepted for oviposition, an egg is laid inside it by the parasitoid. Although parasitization was
recorded only when the parasitized nymph turned gray - as it is almost impossible to find the very
smallA. fuscipennis eggs-wecannot definitely statethat eachoviposition posture (= probe) resulted in
an oviposition.
Time for oviposition was calculated for those hosts that were probed only once. Hosts with
consecutive probes and drumming events were not included because we could not know exactly after
whichprobe anegg waslaid.
Parasitoid females feed from thehostplant's stipels (tiny leaves located atthebase where each
leaflet joins themainleaf stem),but this feeding was notrecorded inthis study, and willbethe subject
offuture research (Chapter 6)
Observations werecarried out on 15females at 19°Cand 80+10% RHandtheplants bearing
parasitized hosts were kept under the same environmental conditions after observations to allow the
parasitoids todevelop.
Data from all females were combined, and frequency, duration, and percentage of time spent
on each behavior calculated. Tests for significant differences among the means for duration of
behavior werecarried outusingt-tests. Frequencies of oviposition ineachtype of whitefly instar were
comparedusing %2 analysis.

Walkingspeed. Theexperiment was setupand walking wasrecorded according to Drost etal.,(2000).
Justbeforethe experiments, a4.5-cm diameter disc was cut from a bean leaf andput, upsidedown, on
a 1% agar solution that filled a petri dish (5-cm diameter) to a height of 0.5 cm. The agar solution
prevented theleaf tissuefrom wilting. Thepetri dish withthe experimental arena was placed under a
video camera. It was lit from the underside by a circular fluorescent tube, separated by a 1-cm thick
Plexiglass plate to prevent heating. The walking process was recorded, using a videocamera
(Panasonic CCTV), a videorecorder (Panasonic AG-6200), and a color video monitor (Panasonic TC
1470-y) connected to a computer. Video tracking and motion analyzes were carried out with the
EthovisionRprogram (version 1.7, Noldus Information Technology, Wageningen, Netherlands).
A female was released onto the leaf disc and recording of walking started immediately.
Analyzes were carried out using a sample frequency of 2 frames per second, chosen from the DownSampling-Step (DSS) option of EthovisionR. Ten recently emerged parasitoid females were
individually tested, using them only once. Thirteen long tracks from these 10 females were analyzed.
Experiments werecarried out at 24± 1 °Cand 70± 10% RH.
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Results
Searching patterns.

After A. fuscipennis females were placed on infested bean leaves, they

immediately began walking and searching for whitefly nymphs. They were fast moving while
drumming the leaf surface. The distal parts ofthe antennae were folded with the ventral side kept flat,
touchingtheleaf surface. Females normally exhibitedthefollowing sequence of behavior: walking on
the leaf surface with short stops of standing still, encountering a host, drumming the host with her
antennae, probing or not probing the host, and walking away from the encountered host. In addition,
they also preened and took longer stops of standing still. An ethogram was developed from the
sequences observed (Figure1).
Walking was the most frequently observed activity (720 times), followed by standing still
(509 times, 70.6%) and encountering host (209 times, 29.0 %). Preeningjust twice followed walking.
After preening, the females restarted walking 85.5% of the time. Standing still was followed by
walking 67.4% of the time or by preening 32.6% of the time. Drumming always followed a host
encounter. After drumming the host, the female probed the host 62.9% of the times or walked away
from it 37.1%of the time. After probing the host, the parasitoid started walking again 61.1% of the
time ordrummed thehost again 38.9%ofthetime.
On comparing the mapped distribution of the whitefly nymphs on every leaflet with that of
gray parasitized pupae, we saw that 80% of the parasitoid females laid at least their first three
consecutive eggs onclosebyhosts, andthat47% didthesamewiththeir first five eggs.
Feeding upon leaf surface water was occasionally observed during the stops but, as was
mentioned before, feeding was not recorded in this study. The parasitoid was never observed to feed
onthehost insect.
Frequencyand duration of behavior. Females of A. fuscipennis spent most of their time walking the
leaf (60.8%). In round numbers, the other activities took: for probing 16% of the time; for standing
still 10%;for drumming 7%; for preening 6%; and for encounters less than 1% (Table 1). During each
bout of activities, a female spent, on the average, 49.1 s walking; and 67.2 s for handling (drumming
and probing) the host, of which 52.9 s were spent probing. Average oviposition time (i.e. all cases
where the oviposition posture = probe, resulted in a real oviposition based on gray nymph color)
across all whitefly instars was 63.7 + 4.7 s (no. of hosts = 48), being significantly different between
first and secondinstars (t-test = 3.636; df = 19.5;P =0.002), being longer onthe second instar (82.1 ±
9.1 s, n= 19)than onthefirst instar (48.4± 1.9 s, n = 25,Table 2). Average oviposition time on third
instars took 68.3+ 22.9 s. However, wedid not includethird instars in the statistical analysis because
ofthelow numbers ofprobes (4).Drumming ahost took about 13s.
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When weconsidered only encounters with unparasitized hosts, time of drumming leading to probing
didnotdiffer significantly tothatofdrumming leadingtohost rejection. Drumming timedidnot differ
significantly between whitefly instars.
Ovipositionbehaviorandhost-instarpreferences. A. fuscipennis tried tooviposit inallfour instarsof
T.vaporariorum,buteggs werelaidinonly thefirst threeinstars. Occasionally, afemale would tryto
oviposit inanempty pupal cage ortoprobe anegg. Encounters with hatched eggs resulted in faster
walking activity in that specific area. When a host nymph was encountered, the female touched its
edges with her antennae. Shewalked over thehost's body andinserted her ovipositor without facing
thehost.
Table1.FrequenciesanddurationofbehavioraleventsofA. fuscipennis(n=15)acrossallnymphalstagesofT.
vaporariorum. Meansarepresentedwiththeirstandarderrors.

Behavior

Abundance (no. Meanduration
oftimes)

Percentageoftotalobservedtime

(seconds)

Walking

732

49.1±3.2

60.8

Probing

178

52.9 ±4.9

16.1

Standing still

549

10.5 ±0.8

10.2

Drumming

279

14.3 ±0.9

6.9

Preening

179

17.9 ±1.7

5.7

Encountering

210

0.87 ±0.1

0.3

During oviposition thefront legs were ontheleaf, thehind legs secured thehost or were ontheleaf,
the antennae wereontheleaf orfree, andthewings were raised. Thehost nymphs were probed onall
sides. The percentage acceptance (theratio between the number of ovipositions andthe number of
encounters) was similar for first and second instars (60%,n = 47 encounters; and 58%,n = 43
encounters,respectively), andlower forthethird instar (32%,n= 28encounters). Noovipositionwas
observedforthefourth instar.
Based on the number of available first, second and third instars (the instars that were
parasitized) and the number of each instar parasitized after 1 h of observation (Table 2), wemay
conclude that instars were not parasitized according-to their quantity (x2 = 6.63,df = 2, P < 0.05).
Partitioning thedegrees of freedom, third instars were notparasitized as often as other instars (%2=
5.6,df= 1,P<0.025); sothey werelesspreferred forparasitization thanfirst andsecond instars. First
and second instars seemtobeequally accepted forparasitization (%2=0.69, df= 1,P<0.001).
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Table2. Observed and expectednumber ofovipositions,and mean time (s) of oviposition on T. vaporariorum
nymphsbyA.fuscipennisfemalesafter 1 hofobservation.Meansarepresentedwiththeirstandarerrorvalues.
First

Winterly instar
Number/ Time

(no.)

Nymphs available"

152

Observed no.parasitized

28

Expected no.parasitized''

26

(time)

Second
(no.)

(time)

106
48.4 ±1.9

25
18

Third
(no.)

(time)

98
82 ±9.1

9

68.3 ± 22.9

17

"TotalnumberofT. vaporariorumnymphsexposedtoA.fuscipennisduring 1 hofobservation.
'Expectationbasedonthenumberavailableofeachinstar.
Walking speed. The walking speed of A.fuscipennis at 24 °C was 1.4 mm s"1± 0.11 SE, n = 13
tracks.

Discussion
Searchpatterns. While females ofA.fuscipennis searched, the distal parts of their antennae wereheld
folded, withthe ventral part pressed flat against theleaf surface. This behavior is similar tothat ofA.
bennetti (Drost et al, 1999) and contrasts with that of E. formosa females, which touch the leaf
surface withthetips oftheir antennae(vanLenteren etal, 1980).As suggested by Drost etal, (1999),
this difference may be because either the sensilla differ among the insects or their positions in the
antennaeare different.
The search pathway of A.fuscipennis can be divided into two main cycles (Figure 1). The
first, which occurs when a host is encountered, consists of walking, encountering thehost, drumming,
probing, and return to walking. The second occurs when hosts are not encountered, and consists of
walking, standing still, and preening. This second sequence differs from that of A. bennetti where the
parasitoid frequently stops searching to preen herself so that preening was followed by searching
55.3% ofthetime (Joyceet al, 1999).A.fuscipennis stops for short times torestart searching (67.4%
of the time) or to preen itself (32.6%). Preening after probing a host, normal in A. hesperidium
(Dowell etal, 1981),was never observed inA.fuscipennis, andonly infrequently inA. bennetti (Joyce
etal, 1999).
Once an A.fuscipennis female parasitizes a nymph, the parasitoid remains close to this area
and continues searching for new hosts in the immediate vicinity. Such behavior suggests arearestricted searching which is an adaptation to searching for hosts that are distributed in a clumped
manner (Godfray, 1994). Under Colombian bean field conditions, T. vaporariorum density per leaflet
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canbe very high andthe distribution of the different whitefly instars is random. The distribution of T.
vaporariorum on a leaf or leaflet is aggregated in all instar stages (Noldus and van Lenteren, 1990)
and area-restricted searching therefore seems advantageous for A.fuscipennis. The end result of area
restricted search by a small population of A. fuscipennis at high whitefly densities is that some
whitefly patches arecompletely parasitized whereas othersremain unparasitized.
As mentioned before, in A. fuscipennis every host encounter leads to drumming as is the case
in Encarsiaformosa, where 99.6% of encounters lead to drumming (van Lenteren et al., 1980). In
contrast,A bennetti and Eretmocerus sp. nr. californicus show drumming in only 70.6% and 34%of
cases,respectively (Headrick etal, 1995;Joyceetal, 1999).
After drumming a host, theA. fuscipennis female probed it in 62.9% of the cases. This result
may be overestimated because the parasitoids, although they encountered late fourth instars and tried
to probe them, did not always introduce the ovipositor, probably because the hard wax filaments
covering the host in this stage hampered entry. Probing and oviposition in most of the hosts that A.
fuscipennis encountered may be an adaptation of pro-ovigenic parasitoids like A.fuscipennis, whose
short-lived adult females emerge with their life-time egg load ready to oviposit (Donaldson and
Walter, 1988). The egg-load of a parasitoid often influences, among others, its search intensity,
ovipositionrate, andhost acceptance(Minkenberg etal., 1992).
ForA. bennetti,host drumming resulted in probing 75% of the time (Joyce et al., 1999). Also
theabsenceofhost feeding for A. bennettiandA.fuscipennis isacharacteristic of pro-ovigenic species
parasitoids (Drost et al, 1999; Joyce et al, 1999;this study). For Amitus species, oogenesis does not
depend on nutrition as it does in synovigenic species which feed on their hosts like E.formosa (van
Lenteren etal., 1980) andEretmocerus sp.nr. californicus (Headricketal, 1995).

Frequencyand duration ofbehavior. Probing ahost took 52.9 sinA.fuscipennis and was the activity
inwhich most time was invested (16%) after walking. Amitusfuscipennis spent more time on probing
than A. bennetti (22.6 s, according to Joyce et al, 1999 or 39.1 s, according to Drost et al, 1999).
Oviposition in A.fuscipennis, taking into account all whitefly instars, took longer (63.7 s) than did
probing (52.9 s).Flanders (1969) reported a short oviposition time of 15 s for A. hesperidium. Dowell
et al, (1981) reported that A. hesperidium spent more time ovipositing on second whitefly instars
(39.3 s)than on first instars (27.6 s), as we found for A. fuscipennis (82.1 s and 48.4 s, respectively).
For all three Amitus species, oviposition time was shorter than it was for E.formosa (>100 s, van
Lenterenetal, 1980).

Oviposition behavior and host-instar preferences. The oviposition behavior described here for A.
fuscipennis is similar to that described for A. bennetti by Drost et al, (1999). Slight differences were
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observed when ovipositing: the hind legs of A. fuscipennis secure the host or are on the leaf. A.
bennetti's hind legs always secure the host. When ovipositing, the antennae of A. fuscipennis are on
theleaf surface or free. In contrast, A. bennetti keeps thempressing on the leaf surface (Drost et al.,
1999).Similarly toA. bennetti,A. fuscipennis probes the host on all sides (Drost etal, 1999) and does
notturnbefore inserting her ovipositor, ashasbeenreported for A. hesperidium (Dowell etal, 1981).
A. fuscipennis prefers equally first and second instars for oviposition, above third instar. This
preference might be based on relative easiness to oviposit in these young nymphs, resulting in short
duration of oviposition which is critical for timelimited, pro-ovigenic parasitoids. But this preference
results in a long development time. Fourth instars were probed but never received eggs. This result
differs from A. bennetti, whichprefers first instars of B. argentifolii for oviposition, but oviposited in
all four instars (Drost et al, 1999). Joyce et al, (1999) also reported that A. bennetti prefers probing
first instars. Aprevious study onA. fuscipennis reported no statistical difference in thepreference for
the first three instars of T. vaporariorum (Medina et al, 1994). Flanders (1969) and Dowell et al,
(1981)reported that A. hesperidiumprefers to oviposit infirst instars,but also oviposits in second and
third instars. Noovipositioninfourth instars wasreported for A, hesperidium from either study.
When A.fuscipennis encounters hatched eggs, it reacts by walking faster, probably because
theeggsindicatetheprobablepresenceoffirstinstars. Thesameoutcomewas observed for A. bennetti
by Drost et al, (1999), who suggested that it was a good strategy for increasing encounter rates with
firstinstars.

Walkingspeed. The walking speed of A. fuscipennis before an oviposition event was the same as for
A. bennetti (1.4 mm s"1) at 23-24 °C on poinsettia (Drost et al., 2000). Both A. bennetti and A.
fuscipennis arefast walking, moresothan other whitefly parasitoids. Fast walking inrecently emerged
A. fuscipennis females mayberelated to itspro-ovigenic nature, leading tohigh motivation for finding
hosts whencarrying afull eggload. However, fast walking may alsobe an adaptative strategy to make
upfor thelower probability of encountering the small first and second instars ofT. vaporariorum. Van
Lenteren et al, (1976) found that the parasitoid E. formosa had a much lower probability of
encountering first and second instars ofT. vaporariorumthanlarger instars.
Walking speed of whitefly parasitoids can be influenced by temperature and leaf hairiness of
the host plant. A negative linear relationship between walking speed of E. formosa and trichome
density on cucumber was observed (van Lenteren et al, 1995). In contrast to this outcome, the
walking speed of E. formosa was not affected by trichome density on gerbera leaves. The mean
walking speed ofE.formosa at 20 °C on gerbera ranged between 0.20 and 0.29 mm s"1and, at 25 °C,
between 0.35 and 0.43 mm s'1 (Sutterlin and vanLenteren, 1997). In tomato, the walking speed of E.
formosa ranged between 0.18 and 0.62 mm s'1 as temperatures increased from 15 to 30 °C (van
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Roermund, 1995). The walking speed on poinsettia before oviposition for Eretmocerus mundus
Mercet was 0.74; of Er. eremicus Rose and Zolnerowich, 0.77; and of Er. staufferi Rose and
Zolnerowich, 0.88 mm s"1(Drost et al, 2000 ). The influence of leaf hairiness or temperature on the
walking speed ofA.fuscipennis was not determined inthis research.
The preference for the first and second instars of T. vaporariorum for oviposition implies a
long developmental time and a potential slow population development of the parasitoid. This trait
may negatively influence the parasitoid's effectiveness as a biological control agent. For example in
E.formosa the developmental time inthepreferred nymphal host stage (third and fourth) is 25 d at 20
°C (Laska et al, 1980), while it is 38 d at 19 °C for A. fuscipennis in first nymphal stages.
Nevertheless, the parasitoid's intrinsic rate of increase (rra value), a parameter that is influenced by
developmental time and reproduction, was always higher than that for its host, when measured under
various climatical conditions (Chapter 4). For a natural enemy to be an effective biological control
agent in inoculative or seasonal inoculative releases, the difference in rm values with the host should
always be in the agent's favor (van Lenteren and Woets, 1988). With T. vaporariorum, under
Colombian conditions, this parameter is in the parasitoid's favor, thus indicating its potential as an
effective control agent.
Our findings suggest that A. fuscipennis has several behavioral traits that positively influence
its performance as abiological control agent, such as fast walking and high host acceptance resulting
inhigh percentages parasitism. Whether the combined effects of a high rm, fast host finding and high
host acceptance will result in efficient reduction of the whitefly pest population will have to be tested
inthe field.
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6. First flights responses and residence times of Amitus fuscipennis
MacGown& Nebekeronbeanplants
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Abstract
First flight of individual Amitusfuscipennis MacGown & Nebeker parasitoids to bean leaves or plants was
studied. Plants orleaves wereeither uninfested or infested with theparasitoid's host, thegreenhouse whitefly
Trialeurodes vaporariorum (Westwood). Theparasitoid almost always flew upwards, seemingly not attracted
by infested bean leaves or plants, even at distances as short as 30 cm. The behavior of A.fuscipennis when
searching for T. vaporariorumnymphson beanplants wasalsostudied onplants that were(1) unsprayedand
uninfested, (2) sprayed with fungicide and uninfested, or (3) unsprayed and whitefly-infested. Observations
stoppedwhentheparasitoidsflewaway. Residencetimeoninfestedplantswashigherthan onuninfested plants.
Residence time was the shortest on fungicide sprayed plants, indicating that the fungicide disturbed A.
fuscipennis. Theresidence time ofA. fuscipennis was prolonged by both, encounters with unparasitized hosts
and feeding from theplant. Parasitoids searchedmoreoften onaleaflet's undersidethan on the upside for all
treatments.

Introduction
The tritrophic system dry bean (Phaseolus vulgaris L., Leguminosae), its key whitefly pest
Trialeurodesvaporariorum (Westwood), andthe nymphalparasitoid Amitusfuscipennis MacGown &
Nebeker (Hymenoptera: Platygasteridae) was studied to evaluatepossibilities for biological control of
whitefly. Dry bean is an important crop in the developing world because it is the cheapest source of
protein in many countries (Pachico 1993). Nearly 10 million tons of dry beans are produced
worldwide annually. Of this production 46.2% occurs in Latin America (Pachico, 1993). Because of
the economic importance of beans to Latin American countries such us Colombia, a system of guided
pest control is being tested for this crop (Prada et al., 1993), to obtain a reasonable production with
careful pesticideuse.
The greenhouse whitefly, Trialeurodes vaporarioum is a cosmopolitan pest, which is
responsible for heavy bean crop losses in Colombia. Average losses vary during time and locations,
but values up to 13 t/ha (50% yield potential loss) on snap bean crops have been reported by
Rodriguez and Cardona, (1990). Many natural enemies of whitefly are known (Gerling, 1990; Gerling
and Mayer, 1996), including several parasitoids that have been successfully used in classical and
seasonal innoculative releases for controlling this whitefly pest (Gerling, 1990; van Lenteren et al.,
1997).
A recently discovered parasitoid, A. fuscipennis, native to Colombia could be a potential
biological control component within a system of guided control for T. vaporariorum on bean crops
(Prada et al., 1993).To date, the guided control system consists of a combination of cultural control
practices with the application of insecticides at pre-established action levels (Prada et al, 1993).
Whenthesystem wastested ina series of on-farm trials, itresulted ina54%reductionin insecticide
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use and an 18%drop incosts, compared withthe conventional spraying program (Prada et al., 1993).
Theuseof abiological component couldimprovetheseresults even more.
Biological control of T. vaporariorum on bean crops in Colombia is also desirable because
whitefly is showing resistanceto certaininsecticides (Cardona etal., 1998). Farmers use sulfur-based
fungicides against certain species of fungi that attack thebeanplant. Although it is generally believed
that sulfur fungicides do not affect the whitefly, in this paper, we study the effect of one of these
fungicides onthesearching behavior of itsparasitoid, A. fuscipennis.
A. fuscipennis is a pro-ovigenic parasitoid, with a strongly female-biased ratio (Manzano et
al, 2000; Chapter 2), and has higher intrinsic rates of increase ( r j than does T. vaporariorum at
conditions whichprevail inthefield (Chapter 4).Thesebiological characteristics support thepotential
use ofA. fuscipennis as a biological control agent of T. vaporariorum. The parasitoid's performance
is alsobeingtested ongreenhousetomatoes in Colombia (Vis etal, 1999). Successful parasitism and
consequent regulation of the whitefly populationunder theeconomic injury level depend in addition to
its reproduction capacity, for an important part on the parasitoid's searching behavior. Studying the
searching behavior of a parasitoid species is therefore a basic step towards complementing its
evaluation asabiological control agent (e.g.vanRoermund, 1995).
Little is known about how A. fuscipennis disperses in a bean crop. For example, we do not
know if A.fuscipennis can detect whitefly hosts before landing on the plant. For certain parasitoids,
long-range searching is mediatedthroughvolatileinfochemicals (Vet and Dicke, 1992),but others like
thewhitefly parasitoid Encarsiaformosa Gahan search atrandom (vanLenteren et al., 1996).Our first
objective was to study whether A. fuscipennis is attracted to infested or clean leaves or plants over
short distances. We observed the first flight of A. fuscipennis to clean and infested leaves or infested
plants.
Once A. fuscipennis arrives on a leaf, it starts searching for hosts by walking about and
drumming theleaf withits antennae, likeE.formosa does (vanLenteren etal., 1980). Whenit finds a
host, it either rejects thehost after an antennal examination, or accepts orrejects it for oviposition after
inserting theovipositor (Chapter 5).Our second objective was totestthehypothesis that the searching
behavior ofA. fuscipennis is influenced by the quality of theplant on which the search is carried out.
Plant quality differed withrespect topresence or absenceof whitefly hosts, andpresence or absenceof
fungicides. In particular, we analyzed (1) the time A.fuscipennis spent on bean plants, and (2) its
walking activities.
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Materials and methods
Plants. Beanplants (Phaseolus vulgarisL. cv. ICA-Pijao) weregrown under greenhouse conditions at
22 ± 0.4 °C, 80.7 ± 19.2 % RH, and 12L:12D. Plants did not receive fertilizers or chemical
treatments. The plants were cut down when they were 15 to 20 days old to bear only one trifoliate
leaf. Plants for experiments were treated as follows: (1) one group of the plants was kept intact (2)
another group was sprayed with a sulfur-based fungicide (3 x 10"3ml), using ahand sprayer, and (3) a
third group was infested with T. vaporariorum. Each leaflet on which the observations were carried
out averaged 34.3 cm2± 0.7 SEinsize(n=62).

Greenhousewhiteflies. The adults ofT. vaporariorum used inthis study came from a colony that had
beenestablished at CIAT 5 years ago onbean plants (cv. ICA-Pijao) with insects collected from snap
bean fields in Fusagasugd, Colombia. New generations were reared under the following conditions:
22-24 °C, 40-80% RH, and 12L:12D. A low density of four unparasitized nymphs per leaflet to be
infested was obtained by leaving clip cages (2.5 cm), containing about 20 adults of T. vaporariorum
onthe leaflet for 4 h. The adults were then removed. The number of eggs laid was manipulated so
thosefour nymphsperleaflet wouldbeobtained.

Parasitoids. A. fuscipennis females used in these experiments came from a rearing established in
September 1996, atCIAT. Theseparasitoids originated from bean crops inTenerife, Valledel Cauca,
Colombia. They wererearedonfirst andsecondinstars ofT. vaporariorum,using thesame host-plant
species as the whitefly colony and under the same conditions: 22°C-24°C, 40%-80% RH, and
12L:12D.

Flight experiment

Wind tunnel. Flight response experiments were carried out in a wind tunnel constructed for diurnal
flying insects as shown inFigure 1and described by Geervliet etal., (1994). The wind tunnel offered
thepossibility ofproducing anodor stream comingfrom plants andhosts that could bedetectedby the
parasitoid. Becauseoftheparasitoid's small size, only part ofthetotal area (200 lx 60 wx 60h cm)of
theflight compartment was used. Experiments werecarried out atthe endof the wind tunnel opposite
the wind release zone; the gate was removed for handling purposes. The area of the flight
compartment used was 40 x 60 x 60 cm. Light intensity inthe flight compartment during testing was
2000 lux, and temperature varied between 22.0 °C and 26.8 °C in the tunnel. The wind, when used,
washeldconstant ataspeed of 15cm/s.
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Figure 1. Windtunnelaccordingtotheset-upofGeervliet (1997):Al,air-inlet; CF,charcoalfilter; HS, heating
system; RP, parasitoid release point; FT high-frequency fluorescent tubes; B, bulbs; X, position of the odor
source;HM, hygrometer;G,gate.Fortheset-upofA.fuscipennisexperiments,seethetext.
Theparasitoid's release site consisted of a wooden cube (9 cm3) placed on supports 7 or 14cm high.
Individual females wereplaced inpolysaccharide capsules onthe woodencubefor easyrelease.

Cuttrifoliateleaves.Trifoliate bean leaves of similar area and shapes were put into small vases filled
with water. They were then placed in the wind tunnel described above. Two leaves (i.e., 6 leaflets)
were uninfested and six leaves (i.e., 6 leaflets) were infested with 65 first and second instars of T.
vaporarioum. Thetwo groups of leaves wereplaced 30 cm apart. The parasitoid was released 30 cm
equidistantly from both groups of leaves and at 7 cm abovethe tunnel floor, at the same level as the
leaves.A. fuscipennis females usedinthis experiment hadnot flew before.
Parasitoids received two different kind of treatments: a) one group of 100 parasitoids used in
this experiment was allowed to oviposit on first and second instars ofT. vaporariorumbefore starting
the experiment, b) another group of 50 tested parasitoids was not permitted to first oviposit but, they
were in contact with whitefly exuviae after emerging from parasitized mummies on bean leaves. The
firstflight oftheparasitoid was observed.

103

Chapter6
Infestedplants. In order to increase the odor source, we used 1bean plant, bearing 4 trifoliate leaves
infested athighdensity withfirst and secondinstars ofT. vaporariorum. Parasitoids werereleased 30
cm away from theplant attheleaf-base level of theplant. Parasitoids used in this experiment had not
previously oviposited, but had been in contact with whitefly exuviae after emerging from parasitized
mummies on bean leaves. Forty parasitoids were tested with wind flow and 40 without wind flow.
Thefirst flight oftheparasitoid was observed.

Searching behavior experiment

Basic design. Observations were carried out on a bean plant in a room at 19°C and 80 ± 10% RH.
These values simulate the conditions of hillside areas at around 1500 m above sea level, where the
parasitoid is commonly found. Light shone directly onthe experimental plant at an intensity of 2700
lux. Four clean plants surrounded the experimental plant to mimic a cropping environment. At the
start of each observation, a single A. fuscipennis female without any oviposition experience was
introduced onto a leaflet, using a polysaccharide capsule (2.5 x 0.8 cm). Parasitoids were always
introduced inthecenter oftheunderside of aninfested oruninfested leaflet.
Theparasitoid was observedimmediately after introduction and continuously followed by eye.
An observation stopped whenthe parasitoid flew from the plant. When no foraging activity occurred
for morethan 15 min or theparasitoid flew away within 2 min (probably because of disturbance), the
observation was stopped and was not included inthe analysis. Behavioral components were recorded,
using a hand-held computer (Psion Workabout) with The Observer 3.0, window version computer
program (Noldus, 1991).
The following behavioral elements were distinguished: walking, standing still, preening, host
encountering, host drumming, oviposition posturing, and jumping. The direction of the parasitoid's
departurefrom theleaflet was recorded as up, down, or horizontal. Locations of the parasitoid on the
leaflet wererecorded as onleaf upper center, leaf lower center, or ontheleafs edge. Edge width was
defined as being 0.5 cm. The parasitoid's locations on the plant were recorded as on plant stem
(including leafpetiole),orstipel.

Treatments. Three types of treatments were carried out. In treatment I, uninfested unsprayed plants
were used. In treatment II, uninfested plants were sprayed with a sulfur-based fungicide to test the
effect of fungicide on the parasitoid's searching behavior. In treatment III, unsprayed plants, infested
with unparasitized first-instar nymphs of T. vaporariorum, were used. The plants had four
unparasitized nymphs in one out of the three leaflets, except for two plants that had six unparasitized
nymphs.For eachexperiment, 20plants and20A.fuscipennis females weretested.
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Measurements. Wemeasured (1)residencetime, i.e., thetotal time spent byA.fuscipennis females on
plants; (2) walking or searching activities of A. fuscipennis, which were expressed as a percentage of
the total time spent on the plant. When hosts were offered to the parasitoid, handling time (host
encountering, host drumming, plus host oviposition) was not included in the total time spent on the
plant. For infested plants, we also measured (3) the acceptability ratio of unparasitized hosts, i.e. the
number of encounters of unparasitized hosts that resulted in successful parasitization. We also
measured (4) giving-up time (GUT), which is the time spent by A.fuscipennis after encountering its
last host andbeforeleaving theplant.

Data analysis. Percentages of times were transformed to squared root arcsine values, because they
were not distributed normally (Murdie, 1972). Transformed data were exposed to an analysis of
variance at a significance level of 0.0001 or 0.001. If significant differences were found, multiple
comparisons were made, using the Student-Newman-Keuls procedure (P < 0.05). Correlations were
calculatedusingPearson's or Spearman's procedures (a =0.05).

Results
Firstflight

The activities of A. fuscipennis immediately after release consisted of flying or walking. In all
experiments, most flying parasitoids flew upwards tothe ceiling of the wind tunnel without landing on
infested leaflets or plants (Table 1). A. fuscipennis was not attracted to clean or infested leaflets or
plants, evenattheshort distanceof 30cm.

Searchingbehavior

Residence time. The residence time of A. fuscipennis visiting plants was affected by treatment (Table
2). Residence times were highest when hosts were discovered by the parasitoid (2.7 h) on infested,
unsprayed plants. The A.fuscipennis females abandoned uninfested fungicide sprayed plants more
quickly (0.9 h) than they did uninfested unsprayed plants (1.7 h). The mean residence time between
the three treatments was significantly different (Kruskal-Wallis One Way Analysis of Variance on
Rankstest, P<0.001, Table2).
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Searching behaviorofA. fuscipennis
Table2.Meanresidence time(s)andmean time (%)allocated to walking inAmitusfuscipennis on uninfested
fungicide-sprayed, uninfested unsprayed, and infested unsprayed bean plants. Means are followed by standard
errorvalues.
Activity
"Residence'tim?
Walkingactivity*

Uninfested sprayed
3T84.6a±"670
54.7a±4.0

Uninfested unsprayed
5996J6T±888
62.1b±4.2

Infested unsprayed
988L9"c±T022
78.3c±3.2

t Different lettersinarowindicatesignificant differences (Student-NewmanKeulsmethod,P<0.05,after Kruskal-WallisoneWayANOVAonranks,P<0.0001)
% Different lettersinarowindicatesignificant differences (Student-NewmanKeulsmethod,P<0.05after Kruskal-WallisoneWayANOVAonV-arcsine-transformed data,P<0.0001)
Theamount oftime (%) A. fuscipennis searched (i.e., walking) while ontheplant was also affected by
treatment (Table 2). Thepercentage of time spent walking onuninfested-sprayed leaves (54.7%) was
similar to that on uninfested unsprayed leaves (62.1%) but it was significantly higher on infested
leaves (78.3%, Table 2). On infested leaves, the high walking activity of A. fuscipennis remained the
sameduring aleaf visit and did not increaseor decreasesignificantly after ovipositions.
Thetime allocated by females to different activities on infested leaves, different to walking, is
given in Table 3. Host handling took up only about 3% of residence time on the plant (Table 3). On
average,thetimespent onaplant by aparasitoid, apart from handling hosts, was 9611.3s (almost 2.7
h). Theparasitoid spent itstimestanding still,preening, or feeding.
Onleaflets carrying four hosts, individual A.fuscipennis females had up to seven encounters
with up to four different hosts, and laid a maximum of 3 eggs during their visit (Table 3). When six
hosts werepresent, they had up to 9 encounters and laid amaximum of 5 eggs. Mean giving-up time
was7385.4 s(2.05h,Table 3),thatis, about 75%of meanresidencetime, including host handling. On
infested plants, alltheparasitoids encountered thehosts becausethe wasps were released inthe center
of the infested leaflet close to the hosts. The percentage of hosts accepted for oviposition at first
contact was 80%. In this experiment, the number of encounters or ovipositions did not influence
residencetime.

Locations on infested plants. A. fuscipennis moved over through the whole plant during searching.
Females began searching when placed on the underside of a bean leaflet and walked quickly,
constantly moving among the leaflets. This was done by walking to the leaflet base and via the leaf
stem, reaching a different leaflet, or by walking from one leaflet to another when leaflet borders were
very closeortouched eachother. Theparasitoid alsowalkedinup-and-down directions throughthe
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Searching behaviorofA. fuscipennis
petioles and stems, which served as access corridors to other trifoliate leaves. The four mainparts of
theplant visited by the parasitoids were trifoliate leaves, petioles, stems, and stipels. The parasitoids
stopped frequently onthestipels, mostlytofeed but alsotorest.
For all treatments, the parasitoids consistently spent more time searching on leaves than on
other plant parts: 95.6% (as a percentage of total time, excluding host-handling) for sprayed plants,
95.3% for unsprayed plants, and 93.9% for infested plants. Time spent on petioles and stems was
1.7% onsprayedplants,4.3%onunsprayed plants, and4.5%oninfested plants. Time spent on stipels
was 2.7%onsprayedplants,0.4% onunsprayed plants, and 1.6%oninfested plants.
The average number of leaflets visited (2.3); (Table 4) was significantly lower for sprayed
plants because the parasitoid abandoned the plant more quickly. When leaves were visited, A.
fuscipennis walked all over anentireleaflet, changing from one side to another while searching. The
time-spent (sec) onleaf lower side was significantly higher for infested unsprayed plants (7800.7 sec)
than for infested unsprayed (5081.2 s)oruninfested sprayed (2644.6 sec) plants (Table4). Time spent
(sec) on the leaflet's lower center was significantly higher for infested unsprayed leaflets (6443.2 s)
compared two other treatments (Table 4, Student-Newman-Keuls method P < 0.05, after KruskalWallis, One-WayANOVA onranks P<0.0001).
Table4.Numberofbeanleaflets visitedandmeantimespent(sec)byAmitusfuscipennisat different
sitesonagivenleaflet whensearching.Meansarepresentedwiththeirstandarderrorvalues.
Leaflets
TsrumbwWsIte?

Uninfested sprayed
T3±'(JTa

Uninfested unsprayed

Infested unsprayed*

?.9±T.7b

T9±To'b"

Timespenton
Lowercenter*

1356.8±308.7a

2356.5±322.6b

6443.2±681.0c

Lowerside8

2644.6±558.9a

5081.2±788.5b

7800.7±766.0c

Upperside*

389.9±134.7a

673.9±142.4b

724.2±159.5b

*Excludedhosthandling
t Different lettersintherowindicatesignificant differences (Student-NewmanKeulsmethod,P<0.05,after Kruskal-WallisoneWayANOVAonranks,P< 0.001)
X Different lettersintherowindicatesignificant differences (Student-NewmanKeulsmethod,P<0.05,after Kruskal-WallisoneWayANOVAonranks,P <0.0001)
§Different lettersintherowindicatesignificant differences (Student-NewmanKeulsmethod,P<0.05,after Kruskal-WallisoneWayANOVAonranks,P<0.0001)
4>Different lettersintherowindicatesignificant differences (Student-NewmanKeulsmethod,P<0.05,after Kruskal-WallisoneWayANOVAonranks,P=0.0445)
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Whenhosts werepresent, theparasitoidspent 83% oflower side(excluding host-handling time) on the
leaflet's lower center (Table 4), where it was introduced and where most hosts were located. On
leaflets of uninfested sprayed plants this percentage declined to 51.3% and to 46.4% on uninfested
unsprayed plants (Table 4). The time spent on the leaflet's upper edge was not significantly different
between infested unsprayed (724.2 s) and uninfested unsprayed (673.9 s) leaflets (Table 4). Time
spent onupper leaflet side was significantly shorter for sprayed uninfested (389.9 s) leaflets compared
totheother twotreatments (Student-Newman- Keuls method, P < 0.05, after Kruskal-Wallis oneWay
ANOVA onranksP =0.045,Table4).
Oninfested plants, petioles and stems were visited by all parasitoids, whereas on clean plants
the number of visiting parasitoids was lower (Table 5). The average time (s) spent on petioles and
stems was54.5± 17.1SEonsprayedplants, 257.3± 104.1SE onunsprayed plants, and426.1± 138.7
SE on infested plants. These three values were significantly different (Student-Newman-Keuls
method, P< 0.05, after Kruskal -Wallis oneway ANOVA onranks,P= 0.0006).
Stipels were more visited by parasitoids on infested plants than on clean ones (Table 5).
Feeding occurred on the stipels, especially on infested plants (50% of parasitoids), taking an average
of 85.0s (Table6). Thepercentage of feeding time was significantly correlated with
residencetime (excluding host-handling time) on infested leaflets. This trend was not found for clean
unsprayedleaflets. Althoughtheparasitoids visitedthe stipels on sprayed plants, they did not feed on
them.
The site on the plant from which A. fuscipennis flew away was similar for all treatments.
Most parasitoids (85.0%) left from the leaflet upper edge, 8.3% from the stem, 3.3% from the lower
leaf edge, and 1.7% either from lower orupper leaf center. Thedirection of theflight was upwards for
mostparasitoids (86%),downwards for 12%andhorizontal for 2%.
Table5.Amitusfuscipennisfemales (%) thatvisitedthepetiolesandstems,andstipelsofbeanleaves(n= 20).
Position
Petioleandstem
Stipel
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Uninfested sprayed
50
40

Uninfested unsprayed

Infested unsprayed

80

100

50

80
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Discussion
Flightexperiment

Inour experiments,A.fuscipennis was not attracted touninfested or infested leaves orplants,butflew
upwards, strongly attractedbythelight. ForE.formosa, Noldus and vanLenteren (1990) and,
Table 6. Mean feeding duration (s) of females ofAtnitusfuscipennis on stipels of unsprayed bean leavesand
numberofparasitoidsthatfedoutof20foreachtreatment.Meansarefollowedbystandarderrorvalues.
Parameter

Uninfested
1

Meanduration

Numberof feeding parasitoids

9.63+6.9a
4

Infested
85.04±25.5 b
10

f Different lettersintherowindicatesignificant differences (Mann-Whitneytest,P<0.0001).
Sutterlin and van Lenteren (2000), found, in a choice experiment that the parasitoid did not
discriminatebetweenuninfested andhost-infested leaves andplants from adistance.
Inour experiments,A.fuscipennis wasnot attracted touninfested or infested leaves or plants, but flew
upwards, strongly attracted by the light. For E. formosa, Noldus and van Lenteren (1990) and,
Sutterlin and van Lenteren (2000), found, in a choice experiment that the parasitoid did not
discriminatebetweenuninfested andhost-infested leaves andplants from a distance. Guerrieri (1997)
reported that E. formosa, in a no-choice experiment, could locate potential hosts from a distance.
Although, in our experiments, A.fuscipennis was not attracted to infested leaves or plants, whether in
choiceorno-choiceexperiments, probably, after thefirst landing, theparasitoid wouldredistribute and
bearrestedoninfested leaves, as was observed for E.formosa (Sutterlin andvanLenteren, 2000). Our
results and observations suggest that, after emerging, A.fuscipennis flies upward within the crop
canopy andlands atrandom ontheunderside ofbeanleaves.
Searchingbehavior

Residence time.The searching behavior ofA.fuscipennis is influenced by the "quality" of theplant on
whichsearchingtakesplace. Residencetime ofA.fuscipennis wasless than 1h whenleaves werenot
infested with whitefly hosts and had been sprayed with a sulfur-based fungicide. When the fungicide
was absent, residencetimeincreased to 1.7 h.
Colombian farmers to control certain bean plant diseases (CIAT 1999, unpublished) use
sulfur-based fungicides. Although this kind of fungicide does not kill T. vaporariorum (E. Valencia,
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personal communication), our results show that it interferes with biological control by reducing the
residence time of the whitefly's natural enemies, such as A.fuscipennis. Apparently, the parasitoids
perceive the presence of the fungicide and they abandon the leaf earlier than unsprayed leaves
(residencetime onuninfested unsprayed leaves is0.7 hlonger than on uninfested sprayedleaves): On
fungicide-sprayed leaves, the parasitoid showed a lower walking activity. When parasitoids are used
within an IPM system, special care must be paid to how fungicide applications are timed with the
arrival orintroduction ofA.fuscipennis tothecroptoprevent such interference.
On infested unsprayed leaves, walking activities increased, probably because host encounters
andovipositions increased theparasitoids' motivationto search.
Giving-up time of A.fuscipennis involved 75% of the residence time, that is, the parasitoids
found the hosts quickly and spent the rest of the time walking, standing still, and feeding on stipels.
All the parasitoids could discover the whitefly nymphs quickly because they were released close to
them.
Locations on infestedplants. The presence of unparasitized hosts on unsprayed plants stimulated the
parasitoid to increase its residence time to 2.7 h. However, in this study, we could not prove
statistically that residence time was correlated with the total number of host encounters or the total
number of ovipositions. Thenumber ofreplicates (20) wasprobably toolow or perhaps thebean plant
was infested withtoolow a density of whiteflies. Van Roermund and van Lenteren (1995) found that
the parasitoid E.formosa stayed longer on the leaflet after encounters with unparasitized hosts and
ovipositions.
A.fuscipennis when searching on the leaflet spent most time on leaflets underside than on
upperside. Oninfested unsprayedplants theparasitoid spent moretime searching on leaflet lower side
compared touninfested plants indicating arrestment of theparasitoid after contacts with unparasitized
hosts. Considering that whitefly hosts arefound almost exclusively on aleaflet's underside, preference
for this side seems advantageous. When hosts were present, the leaflet's lower center was preferred,
probably because of area-restricted searching. This behavior is an adaptation for finding hosts like
whiteflies that occur in an aggregated fashion (Godfray, 1994).
A. fuscipennis fed mostly from stipels on infested plants, which increased residence time.
Feeding was carried out by taking certain secretions from the stipels. There is no clear morphological
evidence that secretions are produced from stipels of Phaseolus vulgaris as it occurs in other
Phaseolus species (D. Debouck, personal communication). However, we observed that A. fuscipennis
feeds on certain substances present on the stipels. This aspect remains to be investigated. An
important effect of plant food sources is natural enemy retention (Cortesero et al., 2000). Our results
suggest that A.fuscipennis stayed on the plant to feed, probably because oviposition increased its
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requirement of food. A. fuscipennis is a pro-ovigenic parasitoid that does not feed on whitefly hosts
(Chapter 5) but takes food from the host plant. So A. fuscipennis may be arrested both as a result of
encounters withhosts andplant food substances.
Inconclusion, we discovered the following characteristics of searching behavior inA. fuscipennis
this study:

1. Theparasitoid isnot attracted by infested leaves orplants, evenfrom a short distance;
2. Itprefers aleaflet's undersidewhilesearching, andthelower center whenhosts arepresent;
3. Residencetime is higher on infested plants (2.7 h) than onuninfested unsprayed (1.7 h) or on
uninfested fungicide-sprayed plants (< 1 h);
4. The parasitoid is arrested on the leaflet by both encounters with, or ovipositions in
unparasitized hosts andbyplant food
5. Walking activity is higher on infested plants than on uninfested unsprayed or uninfested
sprayedplants;
6. Theparasitoid accepts 80%oftheunparasitized hosts for oviposition at first encounter.
In general, all these findings withthe exception of aspect 1,point at a high searching efficiency ofA.
fuscipennis, because it searches more intensively at places where hosts can be expected and it
increases searching activity after host encounter. These results will to be put in a wider frame in
Chapter 7.
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7. Distribution by altitude, and dynamics of whitefly and associated
parasitoids insnapbean
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Abstract
Thedistribution oftheparasitoidAmitusfuscipennis MacGown &Nebeker, wasdetermined byfield surveysof
different cropsinfested withthewhiteflyTrialeurodesvaporariorum (Westwood)inValledelCauca,Colombia.
Theparasitoid occurred from middle(400-1000m) tohigh altitudes (above 1000) andit wastheonly whitefly
parasitoidspeciesobservedataltitudes over 1460m.Atlower altitudes,Encarsia sppoccurred together with A.
fuscipennis. Todetermineseasonalabundanceofthewhiteflies T. vaporariorumandBemisia tabaci Gennadius,
andtheirparasitoids, weperformed field experiments in sprayed andunsprayed fields during acropping season
of snap bean in Pradera, Valle del Cauca, Colombia. Substantially larger populations of whitefly nymphs
occurred in the unsprayed field than in the sprayed field in this area. The parasitoid Encarsia nigricephala
Dozier wasmore prevalent thanA fuscipennis. Parasitoids were more frequent in unsprayed than in sprayed
fields and parasitoid populations in the sprayed field were larger than those of whiteflies at the end of the
croppingseason.
Introduction
Trialeurodesvaporariorum (Westwood) is the predominant whitefly species in the tropical highlands
(altitudes above 1000 m) and inter-Andean valleys (altitudes ranging from 400 to 1000 m), whereas
Bemisia tabaci (Gennadius), is the predominant species in the tropical lowlands (altitudes below 400
m)(Cardona etal., 1998). InColombia theyco-exist inthe valleys formed astheAndes split into three
major ranges (Cardona etal.,1998).
The pests damage plants by directly feeding on them or by contaminating leaves and fruits
withhoneydew on which sooty mould develop, and by virus transmission. Although T. vaporariorum
cantransmit plant viral diseases (Cohen, 1990), whether it does sofor snapbeans has yet tobe proved.
T. vaporariorum is a key pest of beans in Colombia, resulting in intensively applied chemical
treatments. Recently, whiteflies have been observed to be resistant to certain insecticides (Cardona et
al, 1998),unlikethe farmers, who often poison themselves when applying the chemicals (Rodriguez
andCardona, inpress).Evenso,Colombianfarmers stillprefer tocontrol whiteflies withchemicals.
A system of guided control was offered as an alternative for this chemical regime. It consisted
of combining cultural control practices with insecticide applications at pre-established action levels
(Prada etal., 1993).Theguided controlpractices weretested ina series of on-farm trials, resulting ina
54% reduction in insecticide use and an 18% reduction in costs, compared with the conventional
pesticide spray program (Prada et al, 1993).This system did not yet include a biological component,
but during field observations, natural enemies of whiteflies were regularly observed. One of the
common whitefly parasitoids in Colombia, Amitusfuscipennis MacGown & Nebeker was, therefore,
studied as apotential control agentof whiteflies.
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A. fuscipennis is widely distributed throughout Colombia, in other Andean areas, and in interAndean valleys. Thespecies has alsobeenfound in Central America, northern South America, andthe
Caribbean (MacGown and Nebeker, 1978). A. fuscipennis has a strongly female-biased sex ratio
(Manzano etal.,2000;Chapter 2)andbetween 19and 22 °Cithas higher intrinsic rates of population
increase ( r j than does T. vaporariorum (Chapter 3). Its host searching and parasitization behavior
resulted in effective parasitism of greenhouse whitefly (Chapter 5). These biological characteristics
support the hypothesis that A. fuscipennis might be a useful biological control agent of T.
vaporariorum, which could be included as a component in the guided control program. The
performance of A. fuscipennis is currently alsotested on tomatoes in glasshouses in Colombia (Vis et
al, 1999).
Other whitefly parasitoids from the genus Encarsia and Eretmocerus in Colombia have been
reported by Lopez-Avila et al, (1999). Many natural enemies of whitefly are known (Gerling, 1990;
Gerling and Mayer, 1996), and other parasitoids havebeen successfully used in classical andseasonal
inoculative releases for whitefly control (Gerling, 1990; van Lenteren et al, 1997). At present,
biological control of T. vaporariorum by the parasitoid Encarsia formosa Gahan is commercially
successful for several glasshouse-grown vegetables and ornamentals (van Lenteren et al., 1996; van
Lenteren, 2000).
In this paper we present the distribution by altitude of A. fuscipennis in Valle del Cauca,
Colombia. Based onresults of our previous research about biology of A.fuscipennis under laboratory
conditions (Manzano et al., 2000; Chapter 2), we hypothesize that A.fuscipennis is more commonly
found at altitudes withacool andhumid climatethan ataltitudes with awarmand dry climate.
Wealsodescribetheregional populationtrends of whiteflies andtheir parasitoids in snap been
crops grown under two different sets of conditions. One crop was grown in a typical farmer
agroecosystem with intensive insecticide sprays. The other was an experimental crop where
insecticides were not used. Ourhypothesis is that inunsprayed fields parasitoid populations would be
larger thaninsprayed fields andthat parasitoids willreducewhitefly populations here.

Materials and Methods
Distribution of A.fuscipennis byaltitude.To determinethe distribution ofA.fuscipennis over altitude,
we surveyed different areas in the Department of Valle del Cauca, Colombia between September and
October 1999, during the wet season. Table 1 shows the different locations surveyed, together with
their altitudes and crops. Middle altitudes were considered those of the inter-Andean valleys (ranging
from 400to 1000m).Thetropical highlands (above 1000 m) were considered high altitudes according
toCardona etal, 1998.Low altitudes (below 1000 m)were not surveyed during this study. Ranges of
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these altitudes arenot so strict, and aplacelikeLomitas, Pradera located at 1180m, corresponds to an
inter-Andean valley of middle altitude. Surveyed crops belonged to farmers who sprayed insecticides
andfungicides tocontrol whitefly andother pests anddiseases. Table 1alsogivestheinsecticide name
(tradename) andthenumber of days after thefarmer had last applied it when wetook the samples. In
each chosen crop, a plot of 20 x 11 m was measured and, walking diagonally through the plot, two
leaflets of thethird lower part of 10 different plants were picked. These leaflets were chosen because
they arethefirst to show symptoms of parasitism. The leaflets were taken to the laboratory in plastic
bags,thencutintosquares,measuring 2.54x 2.54cm, andpreserved inpetri dishes filled with an agar
gel (1.2 g agar/100 ml water) to prevent leaf dehydration and to permit whiteflies and parasitoids to
continuetheir development.
As the whiteflies matured, we counted the number of parasitized and unparasitized fourth
instars. From these samples, parasitism was estimated as the proportion of fourth instars that were
parasitized.
Table 1. Sites altitude (m) and crops where whitefly parasitoids were found in the Department of Valle del
Cauca,Colombia.Daysafter lastinsecticideapplicationareindicated.
Location

Altitude

Crop

Insecticide (tradename)

Days after last application

Pradera, Lomitas

1180

Snapbean

Furadan

15

Roldanillo, Cajamarca

1460

Dry bean

Unknown

12

1440

Tomato

Evisect,
Copper oxychloride

1440

Cerrito, Tenerife

Tomato

20

Curacron, Vapona,
Perfekthion

28

1400

Drybean

Unknown

Unknown

1920

Drybean

Manzante, Furadan

15

1980

Dry bean

Furadan

20

Adult parasitoids were allowed to emerge, sorted according to species and given to the Museum of
Entomology oftheInternational Center for Tropical Agriculture, CIATfor taxonomic verification and
depositionofvoucher specimens.

Field populations of whiteflies and parasitoids on bean crops. Studies were conducted at Pradera,
Valle del Cauca, Colombia, located at 1080m, with an averagetemperature of 22 °C and average RH
of 72%. Studies were carried out during the wet season (3 November 1999 to 2 January 2000) in two
different fields. Oneof the fields, belonged to a farmer who sprayed it with commercial insecticides.
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This sprayed field received a weekly application of a combination of theinsecticide carbosulfan (0.12kg ai),the fungicide mancozeb (0.10-kg ai) and 0. 46 kgof nitrogen, all dissolved in 220 1 of water. It
was planted with snap bean cv. Ferri. The other field, was an unsprayed, experimental field. It
received only an application of a systemic fungicide (eritridiazole + thiophanate-methyl, 0.096 kg a.i./
ha) 2weeks after sowing. Itwasplanted withsnapbeancv. BlueLake ASGRO
The two fields were of the same size (37 x 24.4 m), with 31 rows, the rows separated by a
distance of 40 cm. Each field was divided into four similar plots so that treatments (sprayed or
unsprayed) were replicated four times. The distance between the sprayed and unsprayed fields was
400m.Sugar caneand maizecrops, andtwohouses stoodbetween them.
For each plot, whitefly stages were counted and sampled once per week from 15 plants per
plot, so 60plants per field. To estimatethe number of whitefly adults, a cotyledonary leaf was gently
turned upside down and adults counted quickly before they flew away. To count the number of live
whitefly eggs, one cotyledonary leaf or one leaflet was picked and carried to the laboratory. To count
the number of live nymphs, one leaflet from the lower third of the snap bean plant was picked and
carried to the laboratory. This last procedure was carried out to be able to detect parasitized pupa as
early aspossiblebecauseA. fuscipennis prefers first and second instars for oviposition (Chapter 5).
At the laboratory, the same procedure for preventing leaf dehydration and determining
whitefly parasitization as described above was followed. Emerged adult parasitoids were also sent to
theCIATEntomology Museum for taxonomic verification and depositing of voucher specimens.
To estimate the effect of insecticides and fungicides used in the field for both, distribution by altitude
andfield populations of whiteflies andparasitoids studies, we evaluated information on sideeffects on
several categories of natural enemies (Koppert, http://www.koppert.nl.2000).

Data analysis. For comparing the numbers of whitefly stages and number of parasitoids, two-way
analysis of variance(ANOVA) was performed onlog (x + 1)transformed data. To isolatethe group or
groups that differ from theothers, anAll Pairwise MultipleComparison Procedure (Student-NewmanKeels method, P<0.05) was followed.
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Results
Distribution of Amitus fuscipennis by altitude. Table 2 shows the parasitoid species found on T.
vaporariorumandthelevel of parasitism (%) according to the different surveyed crops.A. fuscipennis
occurred atmiddleandhighaltitudes, andwastheonlyspecies found at altitudes higher than 1460m.
Table 2. Species of parasitoids of whiteflies found at different altitude (m), crops and their percentages of
parasitism

Altitude

Crop

Parasitoids

1180

Snapbean

A.fuscipennis
E. nigricephala
Encarsia sp
unidentified
A.fuscipennis
E. nigricephala
Encarsia sp
unidentified
A.fuscipennis
A.fuscipennis
A.fuscipennis
Encarsia sp
A.fuscipennis
A.fuscipennis

1400

Drybean

1440

Tomato

1460

Drybean

1920
1980

Drybean
Drybean

Parasitism(%) Numberof
Whiteflies Parasitoids
37.4

1133

4.5
0.1
0.05

6.3
3.1
5.5
6.3
3.7
35.2
52.0

100

264
107
40

8.0
68.5
30.8

28
766

732
87
2
1
8
4
7
8
10
58
52
8
61
314

Until 1460 m other parasitoid species were found such as Encarsia nigricephala Dozier and Encarsia
sp.
For all crops, insecticide sprays finished at latest 12 days before the survey and we expect that this
spray free period has allowed parasitism during the final weeks of our sampling. Out of the three
parasitoid species found, A. fuscipennis showed the highest percentages of parasitism. Total
percentage parasitism by A.fuscipennis was found to be particularly high on dry beans at 1920 m
(69%) and at 1460m(52%).
Most of thepesticides used by Colombian farmers aretoxic for natural enemies of whiteflies.
We could not always obtain exact information on the type of pesticides and the frequency at which
they were applied during our surveys. Sometimes the farmer was not present and somebody else gave
us the information, or sometimes the farmer did not give complete information about the pesticides
applied. The active ingredient and degree of toxicity for natural enemies of some of these pesticides
that werementionedby farmers arepresentedinTable3.
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Table 3. Insecticides and fungicides applied by Colombian farmers, and fungicides used for the unsprayed
experimentalplot.Effects ofpesticidesonpredators,parasitoidsandtheentomopathogenic fungus Verticillium
lecanii(Zimm.) Viegas, are classified as 1: harmless; 2: slighdy harmful; 3: moderately harmful; 4: very
harmful. If 2,3or4 values aregiven, itmeans that there were different on2,3or4different natural enemy
species.Iftheeffect isunknown,thisisindicatedbyanemptyspace.Effect ofpesticidesonnatural enemyover
timeisindicatedbetweenbrackets"asfollows:no,nopersistence;short,<1.5weeks;medium, 1-4weeks;long,
>4weeks.
Tradename

Active ingredient

Predators

Furadan

carbofuran

4

Parasitoids

V. lecanii

l(no)

(medium, long)
thiocyclam hydrogen

1,2,3,4

1,2,3,4

oxalate

(no, medium)

(no, medium)

Curacron

profenofos

4

1,3

Perfekthion

dimethoate

1,2,3,4

3,4

Eltra

carbosulfan

Vapona

dichlorvos

Cupravit

copper oxychloride*

Banrot

thiophanate-methyl

Evisect

(no, long)

(long)

1,2,4

4

mancozeb

l(no)

(no, short, long)

(medium)

1,3,4

4

(short)

(no, short)

1,2

1

(no)

(no)

1,2,3

1,2

1

(no, medium)

(no, short)

(no)

Kno)

Kno)

1,2,4

1,4

4

(no)

(no)

eritridiazole
Manzate

l(no)

Kno)

4

*sprayed
"PresentedbyKoppertB.V.Sideeffects Data-Base,http://www.koppert.nl
Populations ofwhite/lies andparasitoids onbean crops. Adult whiteflies of T. vaporariorum andB.
tabaci were present throughout the whole cropping season. For further analysis both species were
counted andconsidered together as a complex. Eggs appeared 20 days after sowing and were found
during thenext 13days. Average numbers of whitefly adults and eggs were similar for sprayed and
unsprayed fields (Table4). Thenumber ofnymphs peaked onday33for bothtreatments, being about
four times higher at unsprayed than at sprayed fields (Figures 1and2).Also the average number of
nymphs wassignificantly higher inunsprayed (40.5) than in sprayed (9.7)fields (F= 15.29, df =1,
4.14;P=0.003;Table4).
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Table4. Mean number of adults, eggs and nymphs of whiteflies per 1 squared inch of leaflet unsprayed and
sprayedfields,DepartmentofValledelCauca,Colombia.Meansarepresentedwiththeirstandarderrorvalues.
Whiteflystage

Unsprayed
Mean+SE

n

'Mean+SE

Adults

20.3+3.1a

32

18.5+ 3.2a

44.7±7.2a

12

35.8±11.6a

12

40.5±5.8a

28

9.7+ 1.8b

28

Eggs
1

Nymphs

Sprayed
"n
32

Numberswithinarowfollowed bydifferent lettersaresignificantly different
1

F=15.29,df= 1,4.14;P=0.003
Examination of infested leaves from sprayed andunsprayed fields revealed only two whitefly

parasitoid species in substantial numbers: E. nigricephala and A. fuscipennis. Parasitism by both
species of parasitoids was detected only 40 days after sowing, when parasitized pupae became black
and yellow (E.nigricephala) or gray (A.fuscipennis). E. nigricephala was the more abundant species
with 6141 parasitized pupae (88.9% of all parasitized hosts). We found 769 pupae parasitized by A.
fuscipennis (11.1%) during the whole crop season for both fields. Populations of both species of
parasitoids werehigher in unsprayed than in sprayed fields (E. nigricephala 18.4 vs. 8.0% parasitism
andA.fuscipennis 3.1vs.0.2%parasitism; Table5).
Populations of parasitoids fluctuated in a similar pattern for both treatments and were
increasing over time (Figs. 1and 2).Population dynamics of whitefly nymphs andparasitoids differed
for both treatments. In the unsprayed plots, parasitoid populations were always lower than whitefly
populations, but an increase of parasitoid populations occurred simultaneously with a decrease of the
nymphal population during the second phase of our observations (Fig. 1). In the sprayed plots the E.
nigricephala population exceeds the nymphal population from day 54 onwards (Fig. 2), after the
farmer stopped spraying.
The percentage parasitism was calculated for both treatments on days 54 and 59. Percentage
parasitism was 45% on day 54 and in unsprayed plots and increased to 57 % on day 59. In sprayed
plots, these percentages were 52% and 70%, respectively. One needs to bear in mind that there is a
muchlower whitefly populationinthesprayed plot.
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Discussion
Distribution of A.fuscipennis byaltitude.A.fuscipennis isdistributed from middleto high altitudes as
had also been reported by MacGown and Nebeker (1978) when they described the species. CIAT
(1999, unpublished results) found A.fuscipennis as parasitoid of T. vaporariorum in other areas of
Colombia different from Valle del Cauca, at altitudes varying from 750 to 2700 m, but most
commonly onhillside areas above 1400m
Table5. Meannumber ofpupaeper 1squareinch of leaflet of the whitefly parasitoids, Encarsia nigricephala
andAmitusfuscipennis. Meansarepresentedwiththeirstandarderrorvalues.
Parasitoid

Unsprayed

field

Sprayed field

Mean± SE

n

Mean±SE

n

E. nigricephala

18.4±2.1a

16

8.0± 1.0b

16

A.fuscipennis*

3.1 ±1.0a

16

0.2±0.08b

16

1

Numberswithinarowfollowed bydifferent lettersdiffered significantly.
f

F= 11.846;df=l, 0.81;P=0.002.

*F= 11.449; df=1,1.06; P=0.02

A.fuscipennis isalsoabundant and easy to find onbean crops onhillside areas around 2000m
inRionegro, Antioquia. InTenerife, Valle del Cauca, where wesampled at 1900m,theparasitoid was
abundant onbeancrops.
Although A. fuscipennis has a broad distribution, it was found that a combination of high
temperatures and low relative humidity decreased longevity inA.fuscipennis adults (Manzano et ah,
2000).Wesuggest that A.fuscipennis is morecommon in hillside areas, wheretemperatures are not so
high (avering 19°C) andrelativehumidity is about 80%.A.fuscipennis was the only T. vaporariorum
parasitoid species wefound at altitudes higher than 1400m.
E.nigricephala was found below 1400msuggesting that this species canlivein warmer areas
thanA.fuscipennis. We did not find any biological data about this species to support the distribution
weobserved. E. nigricephala alsooccurred naturally in experimental field trials onbeans in Honduras
in an area located at approximately 800 m of altitude. Beans were infested with B. tabaci and, E.
nigricephalaalong withE.pergandiella Howard werethe most common parasitoids collected (Bogran
etal., 1998).

Populations of whiteflies andparasitoids on bean crops. The whitefly population was significantly
lower in the farmer's field where a weekly spray of insecticides was applied compared with the
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unsprayed field. The effect of insecticides reduced the number of nymphs; the mean number of adults
and eggs were similar for both treatments. It is clear from Table 3 that eggs and adults are hardly
killed by the insecticides that were used, as numbers of these stages are the same in sprayed and
unsprayed fields. The insecticides seem to have a rather poor effect on whiteflies because their
numbers willincreasequickly after atreatment asaresult of oviposition and hatching ofeggs.
E. nigricephalapopulations reached higher densities than A.fuscipennis populations in both
sprayed andunsprayed fields. This canbe explained by (1) abetter adaptation of E. nigricephala than
A. fuscipennis to warm environments, and maybe (2)thepresence of higher resistance to pesticides in
E. nigricephalacompared withA. fuscipennis, becauseE. nigricephalais much moreoften exposed to
treatments with insecticides. In Pradera, the area where this experiment was set-up, farmers spray
frequently pesticides (Rodriguez andCardona, inpress).
A. fuscipennis and E. nigricephala co-occur in the study area. They can probably do this
because they oviposit in different instar stages of T. vaporariorum. A.fuscipennis prefers to oviposit
the first two instars (Chapter 5) whereas E. nigricephala seems to prefer third and fourth instars, as
doesE.formosa (Nell etal., 1976)andother Encarsia species (Gerling, 1990).
Basedonwhitefly presence andparasitoid development, wecan extrapolatefrom our data that
A. fuscipennis was already present when first whitefly stages appeared (A.fuscipennis developmental
timeis 25.5 dattheclimatic conditions ofthisstudy area, 22°C;75%RH,Chapter 4). E. nigricephala
was also present when their preferred whitefly stages occurred (third and fourth instars). So both
parasitoids are early present in the crop, but their numbers were not high enough to sufficiently
suppress whitefly numbers inthe first generation of thepest. Inunsprayed plots,thewhitefly nymphal
population was sohigh that evenE. nigricephala, which was more abundant, never reached the levels
ofthewhitefly population.
In contrast, in the sprayed plots, where the whitefly nymphal population was reduced by the
insecticide, the population of E. nigricephala increased in such a way that it exceeded the whitefly
population attheendof theseason. This trend was reflected by anincrease ofparasitism from 52to 70
%.The fact that the farmer stopped spraying insecticides 14 days before the crop was removed, also
probably helped to increase the E. nigricephala population. However, the development of parasitoid
populations occurredtoolatetosufficiently control the whitefly.
As snap bean is a short-term crop lasting only 60 days, this might be a practical limitation to
natural biological control, unless surroundings crops and wild plants can boost parasitoid populations
insnapbean. Successful examples ofbiological control programs of whiteflies at field conditions have
been achieved in long-term crops such us citrus (DeBach and Rosen, 1991) that permitted parasitoid
populations tobeestablished onapermanent basis. Our hypothesis that, inunsprayed fields, parasitoid
populations arehigherthaninsprayedfields is supported bythedata. Butthehypothesis thatthey
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Figure 1.Dynamics ofpopulation of whitefly nymphs andparasitoids,unsprayed field
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exceed whitefly populations is rejected for the unsprayed fields. Our results suggest that, while
whiteflies on snap beans crops cannot be exclusively controlled by natural occurring parasitoids, they
dosignificantly contributeto whitefly mortality.
Wesuggest testingthefollowing control strategy for whiteflies:

(1)

Reduce the whitefly population at the beginning of the cropping season, by using a different
biological control agent (e.g. an entomopathogenic fungus) or a selective pesticide that does
not harm natural enemies. Certain insecticides are more toxic to whiteflies than to parasitoids
and could beused, in an integrated manner, to reduceT. vaporariorum numbers (Zchori-Fein,
et al., 1994; www. Koppert.nl, 2000). Also, carry out inundative releases of parasitoids early
inthecropping season. The aim of biological control of whiteflies in snapbean is not so much
to build up a parasitoid population (the crop will be harvested within 60 days), but to obtain
immediate control (van Lenteren and Martin 2000). If an entomopathogenic fungus were
tested, proper timing ofthefungal spray withparasitoid introduction is essential (van Lenteren
and Martin, 2000). Positive results have been obtained in field assays on bean crops by using
A. fuscipennis in combination with the fungus Verticilliumlecanii (Zimm) Viegas for control
ofT. vaporariorum(Pachon andCotes, 1997).
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Figure2.Populationdevelopment of whitefly nymphs andparasitoids, sprayed field.
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Someofthesefungi species areunder study and seemtoreduce whitefly populations at certain
field conditions (E.Valencia, personal communication).
(2)

Build up a natural enemy population in the surrounding crops or wild vegetation. Habitat
manipulation is one of the strategies used to enhance parasitoid activity in crops (e.g. Powell,
1986). Wild vegetation around the crop can supply parasitoids with essential resources (e.g.
shelter, alternative hosts, food sources) that are crucial in determining their efficacy as
biological control agents (Corteseroetal.,2000).
We found several wild plants around bean crops that are alternative host plants for T.
vaporariorum and A. fuscipennis (Manzano, unpublished results). They were Ipomoea
purpurea (L.) Roth, Urocarpiumperuvianum (L.) Krapovickas, Byttneria aculeata Jacquin,
Nicandra physaloides (L.) Gaernt, Tricanthera giagantea (Hub et Bompl.) Nees van
EssembeckandPoinsettia caribaea (Jacq.) Lavin.

3)

Usebean cultivars that are the least suitable for whiteflies. In an earlier study, we found that
under laboratory conditions T. vaporariorum had a low fecundity on the dry bean cv.
"Chocho", and that on this cultivar, A.fuscipennis had a higher intrinsic rate of population
increase(r^ than didT. vaporariorum (Chapter 3).

4)
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If oneof thesethreetactics still gives insufficient control, combinethetactics.
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The next step will be to integrate the parasitoid into the guided control system to develop and IPM
programfor snapbeansinColombia.
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Parasitoids of the genusAmitus arenatural enemies of whiteflies. From the around 19Amitus species
described, two of them, A. hesperidiumand A. spiniferus areused in large-scale application programs
for biological control ofAleurocanthus woglumiandAleurothrixusfloccossus. A. bennetti is currently
evaluated for biological control of Bemisia argentifolii in greenhouses (Drost et al., 1999) and field
(Joyce and Bellows, 2000). A.fuscipennis is under study for possible future use in the field and in
greenhouses tocontrolT. vaporariorum.
Theselectionof newnatural enemies shouldpreferably bebased onthe study of certain characteristics
which indicate its potential value as biological control agent under the specific conditions where it is
tobeapplied (vanLenteren andWoets, 1988;Chapter 1).
Thegeneral aimofthisthesis was toinvestigate biological andbehavioral characteristics of A.
fuscipennis in order to be able to evaluate its potential use as biological control agent of the
greenhouse whitefly, T. vaporariorum on field crops of beans in Colombia. In chapter 1, I gave a
review onbiology and use of Amitus species and I summarized the whitefly problem in Colombia. I
alsoformulated theresearchhypotheses.
Application ofevaluationcriteria
Climaticadaptation. Laboratory experiments (Chapter 2) and field data (Chapter 7) showed that A.
fuscipennis could find and parasitize T. vaporariorum in certain bean cropping areas of Colombia.
Developmental time and longevity of A. fuscipennis were tested at different combinations of relative
humidity and temperature where bean are produced in Colombia (Chapter 2). Combinations of
moderatetemperature andlowrelativehumidity negatively affected longevity ofA.fuscipennis. These
results suggest that A. fuscipennis could be a potentially good biological control agent of T.
vaporariorum in environments that are not very dry or warm, i.e. temperatures above 22 °C and
relativehumidity valuesbellow 75%.A.fuscipennis should perform well at temperatures between 1619 °C and relative humidity values between 75-90%. This aspect is quite important for the whitefly
situation in the Colombian landscape. The Andes separate into three ranges making cropping of dry
andsnapbeans possibleat different altitudes andclimates. Our surveys onbean andsnapbeancrops at
different altitudes in Valle del Cauca, revealed that A. fuscipennis was the only parasitoid of T.
vaporariorumfound above 1460 m (Chapter 7). Besides these areas, wehave collected it abundantly
on bean and snap bean crops in Sumapaz (Cundinamarca) at altitudes between 1550-1990 m and, in
Rionegro (Antioquia) between 1800-2300 m. These areas are also located in the tropical highlands.
Thus, the hypothesis that A.fuscipennis might be able to develop and reproduce on whitefly at a
limited range of temperatures and humidities, specific for a limited part of the area where beans are
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grown in Colombia is supported by my data. I expect that A.fuscipennis can play a role in reducing
whiteflies inthetropical highlands of Colombia.
Culturemethod. Agood culture method is animportant characteristic of successful natural enemies in
inundative and seasonal inoculative releases. An initial method for mass rearing of A. fuscipennis was
presented by Garcia et al., (1995). In addition, I studied the host stages that are preferred by the
parasitoid, its developmental time, sex ratio and kind of reproduction (Chapters 2 and 5). A.
fuscipennis prefers the 1st and 2nd nymphal stage of whitefly for parasitization (Chapter 5). As a
result, its average developmental time is relatively long when compared with E. formosa, which
attacks thehost mainly atlater nymphal stages (Chapter 2). The developmental time ofA. fuscipennis
is also about 8 days longer thanthat ofT. vaporariorumatarearing temperature of 19°C.This means
that for efficient mass rearing special attention is needed to have sufficient whitefly nymphs of the 1st
and 2nd instars have to be present. A.fuscipennis showed a strongly female-biased ratio as a result of
thelytoky, probably caused by the endosymbiotic bacteria Wolbachia (Chapter 2). To be absolutely
sure that Wolbachia induces thelytoky, A.fuscipennis females should be 'cured' by feeding it with
antibiotics or be reared at high temperatures, and then both males and females should be produced
(Stouthamer et al., 1990; Pijls, 1996). For mass rearing, thelytokous reproduction is an advantage
because expensive hosts are not "wasted" for male production, and time consuming processes like
mate finding and mating are not needed (Stouthamer, 1993). This would also be particularly
advantageous for initial field releases of A.fuscipennis at low whitefly densities in the field: field
establishment of thelytokous lines is easier than that of arrhenotokous lines, because mate finding and
mating is not necessary. The hypothesis that mass rearing of A. fuscipennis might onthe one hand be
complicated by itslong developmental time, while onthe other hand it is simplified by its thelytokous
way of reproduction, is supported by my results. Good timing of the whitefly rearing will prevent the
problem of desynchronization between whitefly and parasitoid, but this may make mass production
more expensive than that of E.formosa, which is also a thelytokously reproducing parasitoid (van
Lenteren and Martin, 1999).

Reproductive potential. The intrinsic rate of population increase (rm), or host-kill rate of a natural
enemy should be larger than the intrinsic rate of population growth of the pest will seasonal
inoculative or inoculative lead to successful biological control. As A.fuscipennis does not show the
habit of host feeding (Chapter 5), it is sufficient to calculate the rra value, and not the host kill rate as
no hosts are killed by host feeding. The reproductive capacity of T. vaporariorum and A. fuscipennis
weremeasured astheintrinsic rate of population increase (rm) under climatic conditions that simulated
those of highland and midland areas (Chapters 3 and 4, respectively). This was done for different
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combinations of temperature and humidity because presence in Colombia of the Andes mountain
range makes cropping of dry and snap beans possible at different altitudes as tropical highlands
(altitudes above 1000 m) and inter-Andean valleys (altitudes around 1000 m). The rra values of A.
fuscipennis were compared to those of T. vaporariorum at same climate conditions. The rm values of
A.fuscipennis werefound tohehigher thanthoseof itshosts atthetwo climatezones for which values
were determined. Based on the proposition of van Lenteren and Woets (1988), that for successful
biological controlthermofthenatural enemy of thepest should behigher than that of its host, wemay
concludethatA.fuscipennis couldbea good control agent ofT. vaporariorum attropical highland and
midland areas,ifthermvaluewastheonlycriteriontoconsider.
It is interesting to note that therm value of T. vaporariorum was particularly low on bean cv.
"Chocho" compared to cv. "ICA-Pijao", so cv. "Chocho" is partially resistant to whitefly. The cause
behind this partial host-plant resistance is unknown yet, but deserves attention because any knowledge
about the resistance mechanisms could be exploited for whitefly control. Based on the presence of
partial resistance to whitefly, "Chocho" is the bean cultivar suggested for using in IPM for T.
vaporariorum.Itmight beuseful totest other bean succesions for (partial)resistance to whitefly.
The hypothesis that thermvalue ofA.fuscipennis is higher than that of T. vaporariorum only
atalimited range of climatic conditions atwhichbeans arecropped in Colombia, and in a smaller area
than where the parasitoid is able to develop and reproduce, is rejected by my results. If the rm value
werethe only criterion to consider, we might conclude that biological control ofT. vaporariorum with
A.fuscipennis wouldbepossible intheclimatic zones that wereconsidered inthis research project.

Searching behaviour. The rm value of a parasitoid is an important characteristic for the biological
control capacity of a parasitoid on the premise that they can lay their daily egg load, and this is only
possible at very high host densities (e.g. van Roermund, 1995). Early in the bean crop season we find
high host densities in the field in Colombia, so the high rm of A.fuscipennis compared to that of T.
vaporariorumis apositive attribute of this parasitoid species. But ahighrm value is often not the only
criterion that an effective parasitoid should meet. After parasitoids have reduced pest numbers, their
searching efficiency becomes critical in host finding, and in keeping pest numbers low. So we also
need information about foraging behavior ofA.fuscipennis onbean (Chapters 5 and6).
Little was known about long-range searching inA.fuscipennis. For certain parasitoids, longrange searching is mediated through volatile infochemicals (Vet and Dicke, 1992), but other
parasitoids appeared efficient biological control agents even when searching at random (e.g. van
Roermund, 1995; van Lenteren et al„ 1996). The flight response of A. fuscipennis to infested and
uninfested whitefly leaves was tested (Chapter 6), and it appeared that A. fuscipennis was not
attracted to clean or infested leaves or plants, even not over a short distance. A. fuscipennis flew
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upwards, apparently attracted by the light. Probably after emerging, A. fuscipennis flies upwards
withinthecrop canopy andlands atrandom ontheunderside of theleaves.
The efficiency of the host finding process, both at long and short range, will ultimately
determine the parasitoid's capability to keep whitefly populations at very low densities during the
season (van Lenteren et al., 1996). When searching on the leaf, A.fuscipennis preferred equally first
and second instars above third instars. A.fuscipennis showed area-restricted searching, which is an
adaptationtosearching for hosts that aredistributed in a clumped manner as T.vaporariorumdoes. So
A. fuscipennis seems to be adapted to search for aggregated hosts. By this kind of searching, A.
fuscipennis remains longer onleaves wherehosts arepresent (Chapter 5).
A. fuscipennis is a fast walking parasitoid that probed and oviposited in most of the hosts
encountered, which may be an adaptation resulting from its pro-ovigenic way of reproduction. The
percentage ofunparasitized hosts accepted for oviposition washigh (60%), which combined with large
numbers of eggs laidover ashortperiodresults inhighpercentages parasitism.
Also, after having landed on a host plant, the searching behavior of A. fuscipennis is
influenced bythequality oftheplant on whichsearching takes place (Chapter 6). Residencetime was
higher on infested plants (2.7 h) than on uninfested unsprayed (1.7 h) or on uninfested fungicidesprayed plants (less than 1h). Walking activity of A. fuscipennis showed the same trend: it was high
on infested leaves, medium on uninfested unsprayed leaves and low on uninfested fungicide-sprayed
leaves.
A. fuscipennis preferred the leaflet's underside while searching and the lower center when
hosts werepresent. A. fuscipennis was arrested on the plant as aresult of both, encounters with hosts
andfeeding from plant secretions. Feeding from theplant was carried out by sipping certain secretions
from stipels.
Part of thehypothesis, i.e. that A. fuscipennis is using long-distance volatile cues produced by
the host or the host plant to locate infested plants is rejected; the parasitoid cannot discriminate
between infested and uninfested host plants from a distance. The second part of the hypothesis, i.e.
thatA.fuscipennis shows atype of searching behaviour - once the parasitoid has landed on the plant that is adapted tooccurrence of aggregated host stages,is supported by mydata.
Side effectsofpesticides on theparasitoid. In thelaboratory it was tested whether a fungicide that is
regularly used by Colombian farmers to control certain plant diseases (a sulfur-based fungicide)
affects the behavior of the parasitoid (Chapter 6), and results indicated that there was a negative
effect, indeed. Apparently, theparasitoids perceivethepresenceof thefungicide andthey abandon the
leaf earlier thanunsprayed leaves. Thus, when parasitoids areused within an IPM system, special care
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must bepaidto synchronizefungicide applications withthe arrival orintroduction ofA.fuscipennis to
thecroptoprevent such negative interference.
In additionto laboratory experiments, fieldwork was carried out totest the effect of pesticides
(Chapter 7). From this work it appeared that A.fuscipennis numbers might have been reduced as a
result ofpesticide applications.
The hypothesis that pesticides used in bean in Colombia for control of insects and fungi
negatively effect theperformance of theparasitoidA.fuscipennis, is supported by myresults.
Performance of parasitoids in thefield and IPM of whitefly. The distribution of A. fuscipennis by
altitude was determined by sampling parasitized whitefly pupa from dry bean, snap bean and tomato
crops (Chapter 7). A. fuscipennis was distributed from middle to high altitudes but it was most
commonly found onhillside areas above 1400 m. This result support data from Chapter 1, i. e. that
environments overly dry or warmresult inshortA.fuscipennis adult longevity.
Todetermineregional populationtrends of thewhiteflies T. vaporariorum andBemisia tabaci,
and their parasitoids, we performed field experiments in sprayed and unsprayed fields during a
cropping season of snap beans (Chapter 7). The parasitoid E. nigricephala was more abundant than
A.fuscipennis, probably because 1)the experimental field waslocatedin an area that did not optimally
match climate conditions for A.fuscipennis, and/or 2) E. nigricephala might have a higher resistance
topesticides compared withA.fuscipennis inthat area of Valledel Cauca.
In unsprayed plots, parasitoid populations were larger than those of sprayed plots were, but
they didnotreachthelevel of whitefly populations. In sprayed plots where whitefly populations were
reducedbyinsecticides, thepopulation of E.nigricephalaexceeded the whitefly populations at theend
of the cropping season. My results suggest that, while whiteflies on snap beans cannot be exclusively
controlledbynatural occurring parasitoids, theydosignificantly contributetowhitefly mortality.
Based ontheresults obtained inthis Ph.D.project, Isuggest for whitefly control, (1) to reduce
the whitefly population at the beginning of the cropping season (e.g. by using an entomopathogenic
fungi) and, 2)tocarry outreleases ofparasitoids after fungus treatment.
An additional aspect to reduce whitefly populations and to make biological control more
effective, could be theuse of partially whitefly resistant bean plants. There is an increasing interest in
combininghost-plant resistance andbiological control as apest management practice (Cortesero etal.,
2000). Iestablished partial resistance to T. vaporariorumin one line of bean, and I suggest using this
beancv. "Chocho"as oneaspect of IPM for thispest.
Finally, habitat manipulation could be exploited resulting in a building up of a natural enemy
population inthesurrounding crops or wild vegetation. Several wild plant species were found bearing
parasitized T. vaporariorum nymphs byA.fuscipennis. If theseplants remain close to crops, they can
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support A.fuscipennis populations between different crop seasons, or they can support and increase
parasitoid populations during one cropping season. Habitat manipulation is one of the tactics
suggestedto enhanceparasitoids incrops (Powell, 1986;Cortesero,2000).

In conclusion, information collected during this Ph.D. project strongly indicates that A. fuscipennis
might be an effective parasitoid of T. vaporariorum in beans under Colombian conditions. Fieldtesting wherereleases ofA.fuscipennis areaddedto the guided control program for bean will givethe
final proof ofits efficiency.
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Summary
The research described in this thesis concerns the study of a natural enemy of whiteflies, Amitus
fuscipennis MacGown & Nebeker under Colombian field and laboratory conditions. The general aim
oftheproject was to study whether biological control of Trialeurodesvaporariorum (Westwood) with
A.fuscipennis can be included into the guided control program for pests and diseases in bean. In
Chapter 1,natural enemies of whiteflies arereviewed (especially thebiology anduse of some species
of Amitus), the whitefly problem in Colombian bean crops is described and the aims of the study are
given.
When the present research project started, few biological data about A. fuscipennis were
known. In Chapter 2 data about longevity, sex ratio and developmental time of A. fuscipennis are
presented. The immature developmental time and longevity of fed and unfed adult parasitoids were
compared under different temperature and relative humidity combinations. Combinations of moderate
temperature and low relativehumidity negatively affected parasitoid longevity. Results suggest thatA.
fuscipennis could be a potentially good biological control agent of T. vaporariorum in environments
that are not overly dry or warm. Sex ratios of populations collected in the field and reared in the
laboratory were strongly female-biased. Reproduction of the parasitoid is through thelytokous
parthenogenesis. The species carries Wolbachia; the rickettsia that induces thelytoky but it was not
testedif itinduces thelytoky inA. fuscipennis.
Because of the presence of the Andes mountain range in Colombia, cropping of dry and snap
beansispossibleatdifferent altitudes astropicalhighlands (altitudes above 1000m) andinter-Andean
valleys (altitudes around 1000 m). This range implies as well that there are large climatic variations,
going from warm, dry areas to cooler, more humid ones. Therefore, it is important to determine how
certain climatic conditions influence the biology and performance of A.fuscipennis. In Chapters 3
and 4, the reproductive capacity of the pest insect T. vaporariorum and the parasitoid A. fuscipennis
were measured as the intrinsic rate of population increase rm. These parameters were measured on
bean cultivars 'Chocho' and TCA-Pijao', under climatic conditions that simulated those of highland
and midland areas.Thermvalues ofA.fuscipennis werehigher thanthose ofT. vaporariorum for both
kinds of simulated conditions. Thisresult permits us toconcludethatA.fuscipennis may therefore bea
suitable candidate for use in biological control programs against T. vaporariorum in Colombia. An
interesting additional result was the finding that the rm of T. vaporariorum was much lower on bean
cv. Chocho than on cv. 'ICA-Pijao'. Cv. 'Chocho' should preferably be used in IPM programs in
Colombia toslow down whitefly development and easebiological control.
A high rm value is often not the only criterion an effective parasitoid should meet. After
parasitoids havereduced pest numbers, their searching efficiency becomes critical in host finding, and
in keeping pest numbers low. Therefore, the foraging behavior of A.fuscipennis on bean was studied
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(Chapter 5).A.fuscipennis is a fast walking parasitoid that probed and oviposited most of the hosts
encountered, which may be related to its pro-ovigenic way of reproduction. The percentage of
unparasitized hosts accepted for oviposition was high (60%), which combined with large numbers of
eggs laid over a short period resulted in high percentages parasitism. A. fuscipennis showed arearestricted searching, which is an adaptation to searching for hosts that are distributed in a clumped
manner asT. vaporariorumdoes.
Long-range searching in A.fuscipennis had not been studied yet. The flight response of A.
fuscipennis to uninfested and whitefly infested leaves was tested in the laboratory (Chapter 6). A.
fuscipennis was not attracted to clean or infested leaves or plants, even not over a short distance.A.
fuscipennis flew upwards, apparently attractedby thelight. OnceA.fuscipennis had arrived on aplant,
its searching behavior was influenced by the 'quality' of the plant (Chapter 6). Residence time and
walking activity of A. fuscipennis were higher on unsprayed infested leaves than on uninfested
fungicide sprayed or uninfested unsprayed leaves. A. fuscipennis preferred the leaflet's underside
whilesearching andthelower center whenhosts werepresent. A.fuscipennis was arrested ontheplant
asaresultofbothencounters withhosts andfeeding from plant secretions.
In addition to laboratory experiments, fieldwork was carried out in Colombia (Chapter 7).A.
fuscipennis was distributed from middle to high altitudes but it was most commonly found on hillside
areas above 1400 m. To determine regional population trends of the whiteflies T. vaporariorum and
Bemisia tabaci, and their parasitoids, experiments were performed in sprayed and unsprayed fields
during a cropping season of snapbeans. Results suggested that, while whiteflies on snap beans cannot
be exclusively controlled by natural occurring parasitoids, they do significantly contribute to whitefly
mortality. Based on theseresults, I suggest for whitefly control, (1) to reduce the whitefly population
atthebeginning ofthe cropping season e.g. by applying entomopathogenic fungi, and 2) to carry out
releases of parasitoids after fungus treatment. As an additional aspect to reduce whitefly populations,
theuseofpartially whitefly resistant beanplants and habitat manipulation tactics to build up a natural
enemypopulationinthesurrounding cropsor wildvegetation, are suggested.
InChapter 8, the research findings are discussed in a broader context. Information collected
during this Ph.D. project strongly indicates that A.fuscipennis might be an effective natural enemy of
T. vaporariorum in beans under Colombian conditions. Field testing of releases of A. fuscipennis
withinthe guided control program for beanwill givethe final proof oftheparasitoids usefulness.
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Dit proefschrift beschrijft de studie aan een natuurlijke vijand van witte vlieg, Amitus fuscipennis
MacGown &Nebeker, zowel innetveld inColumbia als in netlaboratorium. Centraal stond de vraag
of biologische bestrijding van Trialeurodes vaporariorum (Westwood) met A. fuscipennis een
onderdeel kan zijn van het geleide-bestrijdingsprogramma voor ziekten en plagen in bonen. In
hoofdstuk 1wordt een overzicht gegeven van natuurlijke vijanden van witte vlieg (met nadruk op de
biologie en het gebruik van enkele Amito-soorten). Tevens wordt het probleem van witte vlieg in
boongewassen inColumbiabeschreven enworden dedoelen vanhet onderzoek gespecificeerd.
Toen met dit onderzoek begonnen werd waren er weinig biologische gegevens over A.
fuscipennis bekend. In hoofdstuk 2 worden gegevens over levensduur, sexratio en ontwikkelingsduur
van A. fuscipennis gepresenteerd. De larvale ontwikkelingsduur en de levensduur van gevoede en
ongevoede volwassen sluipwespen werden vergeleken bij verschillende combinaties van temperatuur
en relatieve luchtvochtigheid. Combinaties van een matige temperatuur en een lage relatieve
luchtvochtigheid hadden een negatief effect op de levensduur van de sluipwesp. De resultaten
suggereren dat A.fuscipennis een goede bestrijding van T. vaporariorum zou kunnen bieden in een
niet al te droge of warme omgeving. De sexratio's van zowel veldpopulaties als laboratoriumkweken
neigden sterk naar een overmaat van vrouwtjes. De sluipwesp plant zich voort door middel van
thelytoke parthenogenese. A. fuscipennis is drager van Wolbachia, de rickettsia die thelytokie
veroorzaakt; maar of Wolbachiadeveroorzaker is vanthelytokieindeze soort is niet onderzocht.
In verband met de aanwezigheid van het Andes-gebergte in Columbia is het verbouwen van
droge boon en sperzieboon mogelijk op verschillende hoogten, zoals tropische hooglanden (boven
1000 m) en valleien in de Andes (rond 1000 m). Dit betekent ook dat er grote verschillen in klimaat
zijn, varierend van droge, warme gebieden tot meer koele en vochtige gebieden. Daarom is het
belangrijk om te bepalen hoe klimatologische omstandigheden de biologie en de effectiviteit vanA.
fuscipennis beinvloeden. In de hoofdstukken 3 en 4 wordt de reproductiecapaciteit van het
plaaginsect T. vaporariorum en de sluipwesp A.fuscipennis gemeten, uitgedrukt als de intrinsieke
populatiegroeisnelheid rm. Dezeparameters werden gemeten op deboon-cultivars 'Chocho' en "ICAPijao", onder nagebootste klimatologische omstandigheden van het middengebergte. De rm-waarden
vanA.fuscipennis warenhoger dandievanT. vaporariorum voor beide nagebootste omstandigheden.
Deze resultaten staan de conclusie toe dat A.fuscipennis waren hoger dan die van T. vaporariorum
voorbeidenagebootsteomstandigheden. Dezeresultatenstaan deconclusietoe datA.fuscipennis een
geschikte kandidaat is voor de biologische bestrijding van T. vaporariorum in Columbia. Een
interessant aanvullend resultaat was het feit dat derm van T. vaporariorum lager was op cv 'Chocho'
dan op cv 'ICA-Pijao'. In IPM-programma's in Columbia dient bij voorkeur cultivar 'Chocho' te
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wordengebruikt om deontwikkeling van witte vlieg af teremmen en om debiologische bestrijding te
bevorderea
Een hoge rm-waarde is vaak niet net enige criterium waaraan een effectieve sluipwesp moet
voldoen. Nadat de plaagpopulatie door de sluipwesp is gereduceerd, wordt het zoekgedrag cruciaal
voor het vinden van de gastheren en voor het beperkt houden van de plaagpopulatie. Daarom is het
fourageergedrag van A. fuscipennis op boon bestudeerd (hoofdstuk 5). A. fuscipennis is een
snellopende sluipwesp diede meeste van de gastheren die ze ontmoet aanprikt en parasiteert, hetgeen
verband kanhouden met haar pro-ovigene manier van voortplanten. Het percentage ongeparasiteerde
gastheren dat geaccepteerd werd voor ovipositie is hoog (60%). Dit, gecombineerd met het grote
aantal eieren dat gelegd wordt gedurende een korte periode, resulteerde in een hoge
parasiteringsgraad. A.fuscipennis vertoonde gebieds-gelimiteerd zoekgedrag, hetgeen een aanpassing
isaanhetzoeken naargastheren met eengeclusterdeverspreiding, zoals T. vaporariorum.
Het zoekgedrag vanA. fuscipennis oplange afstand was tot op heden nog niet bestudeerd. De
vliegrespons van A.fuscipennis op onbesmette en wittevlieg-besmette bladeren is bestudeerd in het
laboratorium (hoofdstuk 6). A.fuscipennis werd niet aangetrokken door onbesmette of wittevliegbesmettebladeren, zelfs niet op korte afstand. A.fuscipennis vertoonde de neiging omhoog te vliegen,
klaarblijkelijk aangetrokken door het licht. Na landing van A.fuscipennis op een plant, werd haar
zoekgedrag beinvloed door de 'kwaliteit' van de plant (hoofdstuk 6). De verblijfstijd van A.
fuscipennis waslanger enhaar loopactiviteit hoger opbesmette planten die niet met fungiciden waren
bespoten dan op onbesmette planten, al dan niet met fungiciden bespoten. A.fuscipennis zocht bij
voorkeur op de onderkant van het blad met name het midden als gastheren aanwezig waren. A.
fuscipennis bleef langer op de plant na zowel ontmoetingen met gastheren als het voeden op
uitscheidingen vandeplant.
Naast laboratoriumonderzoek werd veldwerk verricht in Columbia (hoofdstuk 7). A.
fuscipennis kwam voor op gemiddelde tot grote hoogte, maar werd voornamelijk gevonden in
heuvelachtige gebieden boven 1400 m. Om regionale trends in de populaties van de witte vliegen T.
vaporariorum en Bemisia tabaci enhun sluipwespen te bepalen, werden gedurende een groeiseizoen
van sperziebonen experimenten uitgevoerd in bespoten en onbespoten velden. De resultaten
suggereren dat, hoewel witte vlieg op sperziebonen niet bestreden kan worden door uitsluitend de
natuurhjk voorkomende sluipwespen, deze sluipwespen wel substantieel bijdragen aan de mortaliteit
van witte vlieg. Op basis van deze resultaten stel ik voor, met betrekking tot de bestrijding van witte
vlieg, om (1) de wittevliegpopulatie te verkleinen aan het begin van het groeiseizoen, bijvoorbeeld
door behandeling met entomopathogene schimmels, en (2) na schimmelbehandeling sluipwespen los
te laten. Daarnaast stel ik voor om de habitat aan te passen ten bate van natuurlijke vijanden in de
omringendegewassenof wildeplanten enomgebruiktemaken vanpartieel resistenteboon.

144

Samenvatting
In hoofstuk 8 worden de resultaten in een breder verband besproken. De informatie die
verzameld is gedurende dit promotie-onderzoek geven duidelijk aan dat, onder Columbiaanse
omstandigheden, A. fuscipennis een effectieve natuurlijke vijand van T. vaporariorum in boon kan
zijn. Loslaat-experimenten van A. fuscipennis in net veld in net kader van net geleidebestrijdingsprogramma voor boon zaluitsluitsel kunnen geven over hetnutvan dezesluipwesp.
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