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Chapter 1

Chapter 1. INTRODUCTION
1

Abstract

In this introduction the status of the thrips pest species in Europe and in particular of
Frankliniella occidentalis (Western Flower Thrips), the most important pest thrips in Europe
nowadays, is presented based on literature information up to 2000. Different thrips genera are
mentioned amongst the Terebrantia suborder and of the Thripidae family: Thrips,
Taeniothrips, Heliothrips, Parthenothrips, Hercinothrips and two genera of the sub-order
Tubulifera, family Phlaeothripidae: Liothrips and Haplothrips. Information regarding the
biology, distribution and host plants of thrips are summarized. The damage induced by thrips,
in relation to the different parts of the plant attacked, is discussed. The indirect damage as
well as transmission of viruses, bacteria and fungi is described. Regarding F. occidentalis
(Western Flower Thrips), also systematic notes and a detailed description of its biology, its
distribution in Europe, of the plants damaged world-wide and in Europe in particular, is
provided. The typical injuries inflicted by F. occidentalis on different crops are discussed.
Methods of sampling are shortly described. The different methods to control F. occidentalis
are summarized. F. occidentalis 1s difficult to control chemically and treatments have to be
repeated frequently, causing residue problems on food and disruption of Integrated Pest
Management programs against others pests. A biological control system can reduce both the
pest population and virus incidence. The main candidates as natural enemies for control of
thrips emerging from this literature study and from an evaluation of all present data, are
Phytoseidae and Anthocoridae.

1.1. Introduction

Thrips is the common name given to insects of the order of Thysanoptera (thusanos
(Greek), a fringe; pteron (Greek), a wing). The order includes over 5,000 species, most of
which are small in dimension and slender in body (in temperate regions the length generally
ranges from 1-2.5 mm) with a distinct head (Palmer et al., 1989). Morphology of the mouth
parts differs from one family to another but feeding behaviour is generally similar, being
characterized by rasping, puncturing and sucking (Borden, 1915). One oddity of the behaviour
of some thrips species is that occasionally they can attack man by piercing the skin (Bailey,
1936). The front and hind wings are very slender, featuring a wide fringe of hairs and only a
few veins or none at all. Wing length varies according to group, species and sex.
Macropterous, brachypterous and sometimes apterous adults can all be encountered. In the
sub-order of Terebrantia the wings lie parallel to each other while in the Tubulifera sub-order
they are overlapping so that only one is completely visible (Figure 1). The mouth parts of
these insects are typically asymmetrical, presenting maxillary and labial palps (Mound, 1971).
The antennae are short and usually comprise from six to nine segments. The eyes are
compound and three ocelli are present on the top of the head. The legs feature single- or
double-segmented tarsi ending in a vesicle (or bladder).

' This introduction is largely based on the following paper: Tommasini M.G. and Maini S., 1995. Frankliniella
occidentalis and other thrips harmful to vegetable and ornamental crops in Europe. Agricultural University
Wageningen Papers 95 (1): 1-42.
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Figure 1: Living (left-hand side) and mounted (right-hand side) thrips of the two sub-orders
compared (from Lewis, 1973).
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The abdomen is divided into eleven segments but only ten are visible. The end segments of
Terebrantia usually taper to a cone in females and are bluntly rounded-off in males, whereas in
both sexes of Tubulifera the tenth segment forms a tube ending in a terminal whorl of setae.

Details of the structure of external genitalia have been described by Melis (1935), Doeksen
(1941), Jones (1954) and Priesner (1964). Terebrantia feature a more marked sexual
dimorphism than Tubulifera, with males being smaller and of paler colour.
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Thrips reproduction is either partially or totally parthenogenetic. Either way, the various
species are all either arrhenotokous or thelytokous and, according to most authors, females are
always diploid and males haploid (Lewis, 1973). As in all typically bisexual thrips species,
adults usually mate within two or three days after the last pupal moult, each male being
capable of fertilizing more than one female. The sexes locate each other by means of a sensory
cone situated at the top of the antennae. Most thrips are oviparous. The white or yellowish
coloured eggs are cylindrical and bean shaped and large with respect to the size of the female
body. The eggs of Tubulifera are larger than those of Terebrantia, each sub-order also
featuring a different egg-laying behaviour. Both, zoophagous and phytophagous Terebrantia
species, insert isolated eggs into the plant tissue by means of an ovipositor. The Tubulifera
species, that have no saw-like ovipositor generally attach the eggs onto plant surfaces by
means of gelatinous substances. Egg mortality is usually greater in Tubulifera than in
Terebrantia.

There are four or five instars between egg and adult; generally four in Terebrantia and five
in Tubulifera, as shown in figure 2. Usually, the first two feeding instars are called larvae and
the subsequent, non-feeding ones, pupae. There are various objections to the use of this
terminology to describe the growth of these insects, as some aspects of the development of
thrips resemble more that of hemimetabolous insects (i.e. exopterygote), whose young are
called nymphs, rather than that of holometabolous ones, (i.e. endopterygote), whose young are
called larvae. Nevertheless, the term larvae is generally used and has therefore become well
established, so adoption of a new term runs the risk of generating more confusion (Lewis,
1973). The subsequent stages of development are: egg, larvae I, larvae II, prepupa, pupa I,
pupa II (only for Tubulifera) and adult. It should be noted that in French the developmental
instars are indicated as [ stade larvaire, Il stade larvaire, pronymphe, nymphe and adulte
(Bournier, 1983), in Italian: neanide I, neanide II, prepupa or preninfa, pupa or ninfa, adulto
(Grandi, 1951), in Spanish: larva I, larva II, proninfa, ninfa and adulto (Lacasa, 1990b).

Pupation normally takes place in the soil or under fallen and decayed plant tissues near host
plants, within which the insect usually builds a pupal cell, while several Terebrantia species
dwell in leaves.

The detailed life history of several thrips pest species is summarized in section 1.3.2.

1.2. Methodology

We have used a computerized bibliographical search to find what has been published on
Thysanoptera and their natural enemies, using the key words: Thysanoptera, F. occidentalis
and 7. tabaci combined with predator, biological control and natural enemies. Additional
references not directly related to these key words are not expected to be exhaustive. The
computerized information was obtained mostly from the databases: CAB abstracts (on line)
1972-1983; CAB abstracts CD ROM, 1984-00; BIOSIS 1969-91/may; PASCAL 1983-
91/june; SCI 1980-90; AGRIS 1975-90; LIFE-SCI 1982-90; AGRICOLA 1970-91/april;
CRIS/ICAR 1991/March; Review of Applied Entomology, Series A, Vol. 67-77 (1979-89);
Review of Agricultural Entomology, Vol. 78-79(7) (1990-91).
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Figure 2: : Immature stages of Haplothrips leucanthemi (Schrank) = niger (Osborne), a typical
Tubulifera on the left side, immature stages of the bean thrips (Caliothrips fasciatus Perg.), a
typical Terebrantia on the right side (from Lewis, 1973).

Sub order Tubulifera Sub order Terebrantia

As I concentrated my research on biological control of thrips with predators, the literature
study was extensive for predators as well. The main attributes which I summarized for each
natural enemy are:

(1) Geographic distribution, prey insects upon which they fed, and plant species on which they
have been found.

(2) Life history which includes:

- field studies on natural control,

- their biology and behaviour,

- results of practical application of biological control programs where those species were
applied,

- natural enemies of the predators,

- possibilities for rearing the natural enemy

1.3. Thrips pests species in Europe

As stated above, the Thysanoptera order includes over 5,000 species. The order is
subdivided into two sub-orders, namely Tubulifera, which only includes a single family
(Phlaeothripidae) and Terebrantia, which comprises four families (Aeolothripidae, Thripidae,
Merothripidae and Heterothripidae) (see Table 1) (Lewis, 1973).

Most crop damaging Thysanoptera belong to the family Thripidae of the sub-order
Terebrantia. These include, for example, Frankliniella occidentalis (Pergande), Thrips tabaci
Lind., Heliothrips haemorrhoidalis (Bouch¢), Parthenothrips dracaenae (Heeger), Thrips

4
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simplex Morison, Thrips meridionalis Pr., Taeniothrips dianthi Pr., Thrips fuscipennis
Haliday, Hercinothrips femoralis (Reuter) and Thrips palmi Karny. Amongst the most
common phytophagous thrips harmful to vegetable and ornamental crops, only Haplothrips
cottei (Vuillet) and Liothrips vaneeckei Pr. belong to the Phlacothripidae family of the
Tubulifera sub-order. In particular, with regards ornamental crops, Thrips calcaratus Uzel,
Dendrothrips ornatus (Jabl.), Gynaikothrips ficorum (Marchal) and Thrips laricivorus
(Kratochvil and Farsky) should be noted for the damage they cause to lime, laurel, Ficus
microcarpa L. and larch, respectively.

1.3.1 Frankliniella occidentalis (Pergande) (Terebrantia, Thripidae, Thripinae)

1.3.1.1 Systematic notes

The literature about F. occidentalis (Western Flower Thrips = WFT) was reviewed by
Mantel (1989) and covers all the references, supplied with keywords, until September 1st,
1988. Here, Mantel’s (1989) information is integrated with that of Bredsgaard (1989a) and
new information.

The Frankliniella genus was described by Karny in 1910. It had initially been classified as
Thrips by Linnaeus in 1758. In 1881, Targioni-Tozzetti introduced the name Euthrips and in
1895 Uzel called the genus Physopus, until its current name, which is still generally accepted
(Bryan and Smith, 1956), was established by Karny (1912). Synonyms which have been
employed over the years for Frankliniella occidentalis include, as reported by Oliver and
Baker (1987):

Euthrips occidentalis Pergande, 1895

Euthrips tritici Crawford, 1909

Euthrips tritici var. californicus Moulton, 1911

Euthrips helianthi Karny, 1912

Frankliniella helianthi Karny, 1912

Frankliniella tritici var. moultoni Hood, 1914

Frankliniella tritici occidentalis Watson, 1919

Frankliniella tritici californica Watson,1923

Frankliniella moultoni Morgan, 1925

Frankliniella claripennis Morgan, 1925

Frankliniella canadensis Morgan, 1925

Frankliniella trehernei Morgan, 1925

Frankliniella californicus Moulton, 1929

Frankliniella californica Moulton, 1931

Frankliniella venusta Moulton, 1936

Frankliniella obscura Moulton, 1936

Frankliniella chrysanthemy Kurosawa, 1941

Frankliniella californica f. trehernei Moulton, 1948

Frankliniella dahliae Moulton, 1948

In the U.S.A., F. occidentalis is commonly called "Western Flower Thrips" (WFT) and
"alfalfa thrips", but the latter name was not approved by the Entomological Society of
America.

1.3.1.2 Origin and Distribution
F. occidentalis is a species of nearctic origin, first reported by Pergande (1895) in
California on apricot and potato leaves, on orange flowers and various weeds. It was



Introduction

subsequently reported in Florida on mango and bean crops (Morgan, 1913; Watson, 1918) and
on citrus flowers (Childers and Beshear, 1992), in Canada (Treherne, 1923), in Utah (Pack,
1930; Maddock, 1949), in Alaska (Bryan and Smith, 1956), on Hawaii (Sakimura, 1972) and
in Texas (Stewart, 1985) and can currently be found throughout the United States (Beshear,
1983; Frantz and Mellinger, 1990). In North America WFT was found from sea level to sub-
alpine altitude (Bryan and Smith, 1956).

Table 1: Summarised classification of the order Thysanoptera based on Priesner (1964), with
the main characteristics of families and affinities of sub-families (modified from Lewis, 1973;
Palmer et al., 1898). *: Family which include some thrips species encountered in protected
Crops.

Sub-order TEREBRANTIA TUBULIFERA
y Y | y
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Sub-family o = 5 < F I o T = 5
Wings usually without veins, male without saw
Antennae basically 8-segmented
male usually with glandular areas beneath abdomen
Wings narrower, fewer cross-veins
Ancestor Antennae basically 9-segmented, wing broad with several cross-veins;

male without glandular areas beneath abdomen; male with saw

Elsewhere, it has been encountered in New Zealand (Zur Strassen, 1973; Mound and
Walker, 1982), Korea (Woo, 1974), Peru (Ortiz, 1977), Colombia and Costa Rica (Baker,
1988), South Africa (Giliomee, 1989), Kenya (Palmer et al., 1989), Japan (Barletta, 1986;
Anonymous, 1989b) as well as Israel and Canarian islands, where it has been detected since
mid-1987 (Argaman et al.,, 1989; Gokkes, 1991; Pefia, 1990). In 1993 it was found in
Australia too (Malipatil et al., 1993).
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In Europe its first appearance dates back to 1983, when it was found in Saintpaulia

ionantha Wendl. nurseries in the Netherlands (Van de Vrie, 1987; Mantel and Van de Vrie,
1988; Vierbergen and Ulenberg, 1988). Since its initial detection in Europe, it has spread
rapidly to protected crops throughout the continent (Figure 3). It has been found in Sweden
(Pettersson, 1986; Nedstam, 1987; Nedstam, 1989), in Norway (Taerum, 1988), in Finland in
August 1987 (Brax and Lindqvist, 1989; Tiitanen and Markkula, 1989; Kurppa, 1989), in
Germany in 1985 (Zur Strassen, 1986) and in the United Kingdom (Anonymous, 1986). In the
United Kingdom it is no longer considered as a new pest to be absolutely eradicated, as it has
definitely established itself in protected agroecosystems (Bartlett, 1991). Other European
countries in which F. occidentalis is found, include Ireland (Dunne and O'Connor, 1989),
France (Bournier and Bournier, 1987), where it has also been detected in open fields by
Fougeroux (1988), as well as Belgium since 1987 (De Clercq, 1991), Czech Republic
(Pelikan, 1989) and Poland since 1987 (Labanowski, 1991; Baranowski et al., 1991,
Nawrocka, 1991), Denmark since 1985 (Breodsgaard, 1989a), Spain (Lacasa, 1988a; Lacasa et
al., 1988; Lacasa, 1990a), Portugal since 1989 (Leite, 1990; Mateus, 1993) Switzerland since
mid-1987 (Anonymous, 1989b; Ebener et al., 1989), Hungary since 1989 (Jenser and Tusnadi,
1989; Szabo and Ceglarska-Hodi, 1991), in Greece in 1991 (Poditakis, pers. comm.) and in
Crete (Poditakis et al., 1993). Finally, it has also been reported by Postolovski (pers. comm.)
in ex-Yugoslavia in 1991 and in Cyprus (Anonymous, 1992).
It was first reported in Italy by Rampinini in 1987, when it was detected in nursery-grown
Saintpaulia in northern Italy. In 1988, some specimens of F. occidentalis were also found in
Sicily, Sardinia, Calabria, Apulia, Latium and Campania on several nursery and field-grown
vegetable crops as well as on protected ornamental crops (Ciampolini et al., 1990). Reports
have also come in from Tuscany, Liguria and South Italy where the pest has been detected on
nursery and open field chrysanthemum, carnation and strawberry crops (Arzone et al., 1989;
Del Bene and Gargani, 1989; Viggiani and Jesu, 1989; Marullo, 1991), and from Sardinia
(Luciano and Piga, 1988-92). F. occidentalis can currently be found in the Venetia,
Lombardia and Emilia-Romagna regions as well, so that it can be considered to be present
Italy-wide (Eordegh, 1992; Ivancich Gambaro, 1995). Although it preferentially attacks
protected crops, the pest can also be found on open field vegetable and ornamental crops.

1.3.1.3 Morphology and biology

Identification of F. occidentalis can be done by using the following morphological keys
developed by Moulton (1948), Mound and Walker (1982), Zur Strassen (1986), Bournier and
Bournier (1987), Palmer et al. (1989) and Bredsgaard (1989a).

Lengthwise, the macropterous adult of F. occidentalis is characterized by the following
measurements: 0.9-1.1 mm from the tip of the antennae to the tip of the abdomen in the male
and 1.3-1.4 mm in the female. Both the young instars and the adult possess piercing and
sucking mouthparts. The thrips feed by piercing leaf cells with the mandible and ingesting cell
contents through the feeding tube formed by the maxillary stylets.

As in all Terebrantia thrips, the female of F. occidentalis features a saw-like ovipositor
with which it drills holes into the parenchymal tissues of leaves, flowers and fruits, where it
deposits a kidney-shaped opaque egg of 0.25 x 0.50 mm in size (Brodsgaard, 1989a). Three
different colour forms of the polymorphic species F. occidentalis can be found in California
(Bryan and Smith, 1956; Sakimura, 1962), one being black, one being pale and the other
featuring an intermediate colour. The first two forms have a homozygous genotype while the
third form has a heterozygous genotype. Only the females, which are diploid, feature all three
of the possible chromatic phenotypes while the males, which are haploid, feature only the pale
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colour. Bryan and Smith (1956) have demonstrated that this colour diversification is
independent of host-plant variety but it is rather related to seasonal factors. Most of the darker
varieties were found in California in spring, while the paler ones were found in summer and
autumn. The third type, featuring an intermediate colour, was found throughout the whole
year. The authors concluded that perhaps the darker variety was more resistant to low
temperatures while the paler one to high temperatures. In northern Europe (Germany and The
Netherlands) and in Italy, only the pale and intermediate colour types have been found except
for a single case of the darker variety discovered in Denmark (Bredsgaard, 1989a).

Figure 3. Distribution of Frankliniella occidentalis in Europe.
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F. occidentalis post-embryonic development involves two larval instars, as well as prepupa
and pupa stages before the adult stage. The newly moulted larva is characterized by a glassy
white colour and starts feeding immediately, becoming yellowish. As with all exopterigotes,
the young instar is similar to the adult one in appearance except for the fact that it is wingless,
has reddish eyes and antennae with fewer segments. Second instar larvae are more active than
first instar larvae and feed more abundantly; up to three times more than during the first instar.
The young second instar larvae is smaller than first instar but develop into adult size upon
reaching maturity. During this stage, they take on a yellowish-waxy colour.

Upon maturity, the larvae display positive geotaxis together with negative phototaxis,
moving away from the flower or the plant towards the soil (Arzone et al., 1989). At a depth of
between 1.5-2.0 cm, the larvae then develop into the prepupal stage (Arzone et al., 1989).
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However, only a small percentage of the total F. occidentalis population in a greenhouse crop
will be in the soil as pupae. The prepupa already features wing buds and antennae which,
however, are shorter than in the adult and unsegmented. Prepupae have a whitish colour and
are immobile unless disturbed. Upon developing into a pupa, the insect still remains under the
soil surface, and features longer antennae which face backwards towards the abdomen. Initial
segmentation of the antennae is already evident at this stage and the wing buds have also
developed further. Pupae continue to remain immobile and do not feed. Adult dimensions are
achieved by the end of the pupal stage.

The adult emerges upon the last moult and features a whitish colour which becomes
progressively darker within 48 hours of moulting (Bredsgaard, 1989a; Del Bene and Gargani,
1989). Shortly after having emerged, the insect begins feeding voraciously. Adults start flying
only 24 hours after emergence (Del Bene and Gargani, 1989). In the laboratory, WFT shows a
sex ratio of 1:1, while in the open field the sex ratio is usually strongly female biased(Del
Bene e Gargani, 1989). On average, just after three days from emergence, the females start to
lay eggs at 20-25°C (Marullo and Tremblay, 1993).

The duration of development from egg to adult is closely related to environmental
conditions, especially temperature. Table 2a presents the data concerning this relationship
collected by several authors under different conditions. Recently a similar review was
arranged by Jarosik and Lapchin (1998). In particular, the table shows findings as to insect
development time as well as female fertility, which also seems to differ depending on climatic
conditions and host-plant variety. The development time of WFT on cucumber at 25°C is
longer (13.4 and 14.7 days, from egg to adult) (Mollema et al., 1990; Gaum et al., 1994) than
on chrysanthemum at the same temperature (12.2 days) (Del Bene and Gargani, 1989).
According to Jarosik et al. (1997), the lower developmental threshold for the pre-imaginal
development of WFT on cucumber is 10.7°C. Photoperiod influence was investigated by
Brodsgaard (1991). Little differences in the development time, in longevity and fertility of
WEFT were detected at constant temperature of 25°C and high air humidity (near 100%), as
showed in table 2b. According to Lublinkhof and Foster (1977), fertility is more affected by
temperature than by host-plant variety. Life-span is seen to diminish with increase in
temperature. Although in 1936 Watts had found no difference in fecundity between mated and
unmated Frankliniella tritici (Fitch) females, according to Robb and Parrella (1987) mated
females seem to be more fecund than unmated ones. Pollen is so important from a nutritional
and reproduction point of view that females fed on pollen have a net reproductive rate (R,)
four times as high as that of females fed solely on cotton leaves (Trichilo and Leigh, 1988). A
positive pollen-effect on fecundity and larval growth of WFT was also found by Jager and
Butot (1993); in this case Chrysanthemum pollen was used. Life-span, however, does not
seem to be affected by feeding behaviour (Brodsgaard, 1989a). Recently, life table data for F.
occidentalis at different temperatures, were studied by Gaum et al. (1994) (Tab.2c), while a
comparison of life-fertility tables between F. occidentalis and F. fusca at different temperature
was done by Lowry et al. (1992). Reproduction of F. occidentalis occurs by facultative
parthenogenesis, i.e. partly bisexual and partly parthenogenetic. Parthenogenetic reproduction
is always arrhenotokous, unfertilized females laying eggs all of which develop into males,
while most of the eggs laid by fertilized females develop into females (Bradsgaard, 1989a).

Both the adults and the young instars are thigmotactic and therefore particularly attracted to
buds and complex flowers such as those of chrysanthemum, which offer protection and allow
the insect to go deep into the plant. In Texas, both F. occidentalis and T. tabaci, overwinter in
a dormant condition in protected locations such as under leaves or tree bark (Chambers and
Sites, 1989). In Italy, adults overwinter in a state of quiescence protected under dry vegetable
remains or immediately under the upper surface of the soil, even in open fields (Del Bene and
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Gargani, 1989). In South Italy, South Spain and probably in other Mediterranean areas of
infestation, WFT can have continuous generations in the greenhouse and outdoors. In a field
situations with a temperature not below 5-6°C, it can overwinter on wild plants as
Amaranthus L., Chenopodium L., Solanum nigrum L. and Heliotropium europeum L.
(Marullo, 1991; Mateus, 1993). Unlike 7. tabaci, F. occidentalis females have already mature
eggs at the end of the winter.

Table 2b: Development time, preoviposition period, longevity and fertility of unmated F.
occidentalis reared on bean leaves at three photoperiods, high air humidity and at constant
temperature of 25°C (from Bredsgaard, 1991).

Parameter Photoperiod (L:D hours)
4:20 8:16 16:8
Stage
egg 3.55 3.59 3.50
Ist instar 1.12 1.05 1.06
2nd instar 6.02 5.52 4.94
prepupa 1.18 1.15 1.05
pupa 2.88 2.61 2.59
egg to imago 14.75 13.92 13.15
egg to egg 16.65 15.45 14.80
Adult
preoviposition period 1.90 1.53 1.65
longevity 13.32 9.63 10.80
fertility (offspring) 22.00 24.95 10.80

Table 2c: Life-table data for F. occidentalis at different temperatures on cucumber (from
Gaum et al., 1994)

Temperature D Ry I'm T Sex ratio day degrees for
(°O) (days) (% developm.
females) (egg to adult)
15 2.24 1.02 0.002 12.69 55 274
18 2.64 2.54 0.11 8.79 58 253
20 5.24 5.00 0.21 8.06 61 242
23 6.68 5.77 0.30 6.15 69 228
25 5.20 6.04 0.30 4.58 64 245
30 9.48 8.48 0.51 432 86 257

Ry = net reproductive rate; r, = intrinsic rate of natural increase; T = mean generation time;
> mx = sum of average number of female offspring.
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Table 2a: Biological traits of F. occidentalis at different temperatures and on different host plants.

[ Idey)

Tempe- Host plant Eggs Ist 2nd Prepupa  Pupal  Youthstages Imago Preovi-  Ovipo- Fecundity no. Source
rature instar  instar stage total position sition
(O] (days) (days) (days) (days) (days) (days) (days)  (days) (days) eggs offspring
12 Pepper 2-14 1-4 4-8 1-5 1-4 20 - - - - - Lacasa, 1990b
15 Radish 13 7 12 4.2 8 44 90 3 30 40 Bryan and Smith, 1956
15 Bean 11.2 4.9 9.1 2.99 5.6 33.7 70.8 10.4 60 242 Lublinkhof and Foster, 1977
15 Chrysanthemum 10 5.6 11.5 3.6 8.6 39. 46 6.4 - 50 Robb, 1989
15 Cucumber - - - - - 48 - - - - - Gaum et al., 1994
16.7 Chrysanthemum 3 2 4 2 3 14 45 - - 300 Robb and Parrella, 1987
18 Cucumber 28.2 - - - - - Jarosik et al., 1997
18 Cucumber - - - - - 28.4 - - - - - Gaum et al., 1994
20 Radish 6 33 5.7 2 4.8 21.8 40 3 0 65 Bryan and Smith, 1956
20 Bean 6.4 2.3 5.2 2.2 2.9 19 56.8 2.4 54 95.5 Lublinkhof and Foster, 1977
20 Chrysanthemum 6.6 2.9 9.5 22 5.1 26.1 75 2.1 - 26 Robb, 1989
20 Cucumber - - - - - 21.9 - - - - - Gaum et al., 1994
20 Peanuts - - - - - 18.7 - - - - - Lowry et al., 1992
21 Cucumber - - - - - 27.3 - - - - - Jarosik et al., 1997
25 Chrysanthemum 3.2 1.7 4.8 1.1 2.7 12.9 31 1.7 - 136 Robb, 1989
25 Chrysanthemum 5 3 2-3 1-2 3-4 14-17 15 3 12 100 Arzone et al., 1989
25 Chrysanthemum 2 2.1 4.4 1.7 2 12.2 30 3 25 30-40 Del Bene and Gargani, 1989
25 Pepper 3.2 2.44 4.9 1.8 4.1 16.4 332 2.5 28 33 Lacasa, 1990b
25 Bean - - - - - 14.8 - - - - - Brfdsgaard, 1994b
25 Cucumber - - - - - 14.7 - - - - - Gaum et al., 1994
25 Chrysanthemum - - - - - 12.9 - - - - - Robb and Parrella, 1991
25 Cucumber - - - - - 12.4 - - - - - Rijn et al., 1995
26.7 Radish 4 23 3.8 1.1 2.7 13.9 40 - - - Bryan and Smith, 1956
3
27 Cucumber - - - - - 15.4 - - - - - Soria and Mollema, 1995
27 Cucumber - - - - - 13.9 - - - - - Jarosik et al., 1997
27 Pepper + pollen - - - - - 10.5 - - - - - Teulon, 1992
27.2 Chrysanthemum 3 (----4-2-----) 0.9 23 10.2 34 1.7 - 229 Robb, 1989
30 Chrysanthemum 2.5 1.3 2.6 0.9 2 9.3 13 1.6 - 42 Robb, 1989
30 Bean 43 1.1 43 1.4 1.6 12.6 27.5 2.4 25 43.8 Lublinkhof and Foster, 1977
35 Chrysanthemum 24 1.4 33 1 1.9 10.7 9.5 1.4 - 5 Robb, 1989
35 Chrysanthemum - - - - - 10.7 - - - - - Robb and Parrella, 1991
36.7 Chrysanthemum 3 1 2 2 2 8 30 - 0 150 Robb and Parrella, 1987
18.5-36  Chrysanthemum 2.8 (----4-.5-----) 1.1 2.6 11.2 26.8 1.4 129 Robb, 1989
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1.3.1.4 Infestation

F. occidentalis feeds on foliage and is anthophilous, even though it can also prey on
Tetranychus spp. (Trichilo and Leigh, 1986; Pickett et al., 1988). As Bailey (1938), Pickett et
al. (1988) and Yudin et al. (1988) have observed, F. occidentalis prefers plants with flowers
and in particular it prefers smaller and more intricate flowers (Bryan and Smith, 1956). In fact,
when the photoperiod is unfavourable for the plant and prevents blooming, WFT populations
diminish even to the point of not developing further (Arzone et al., 1989). Most of the
population colonizes the upper parts of the plant, where it settles until the crop is harvested
(Lacasa, 1990b). Being an extremely polyphagous species, the insect feeds and reproduces on
a wide range of wild plants, which are the vehicle through which crops are subsequently
infested. In several crops, the edges of the cultivated fields are the first to be infested, while in
orchards initial infestation of the flowers occurs from the weeds. Peak population is
encountered in the hottest months of the year, while in temperate regions the insect tends to go
into diapause during the winter months. Along the coastal regions of southern Spain, however,
climatic conditions are such that F. occidentalis is to be found active even during winter
months (Lacasa, 1990b). In Portugal, outbreaks of F. occidentalis were recorded in March-
April and it increased during the summer (Mateus, 1993).

1.3.1.5 Host plants

Two hundred and forty four species of plants belonging to sixty two different families, and
which include open-field ornamental, fruit, garden and agricultural crops, have been found to
host F. occidentalis in the United States (Anonymous, 1989), a selection of which is listed in
table 3.

Amongst non-European Mediterranean countries, data of crop infestation by F.
occidentalis are available for Israel, where the insect has been reported on the following crops:
Rosa L. spp. (rose), Dianthus L. spp. (carnation), Gypsophila L. spp.. Limonium Miller spp.,
Aster L. spp., Chrysanthemum L. spp., Ruscus L. spp., Solidaster spp., Impatiens L. spp.
(waxflower) (Gokkes, 1991).

In Europe, F. occidentalis has till now been found mostly on protected crops as indicated in
table 4. During the last years, WFT occurred on an increasing number of plant species,
including fruit trees, in different European countries (Nicolas and Bennis, 1993; Lacasa et al.,
1993; Torres Vila et al., 1993; Leclant, 1994; Moleas et al., 1996).

In Italy, F. occidentalis can also be found on weeds and indigenous wild plants, like
Anagallis arvense L., Senecio vulgaris L., Papaver rhoeas L. (Del Bene & Gargani, 1989) and
Amaranthus, Chenopodium, Solanum nigrum L., Heliotropium europeum L. (Marullo, 1991).
Recently I found F. occindentalis also on nectarine in northern Italy. In glasshouse areas in
The Netherlands adults have been found during the summer period on garden plants like
Liathris L. cultivars, Aconitum napellus L., Aster novi-belgii L.. Larvae were recorded from
Rosa sp. (Mantel and Van de Vrie, 1988).

1.3.2 Other species
Morphological, biological and epidemiological characteristics of the main thrips species
found in protected crops will be described, as these thrips species can occur concurrently with

F. occidentalis, and can be controlled with the same natural enemies as used for F.
occidentalis.
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Table 3: List of crops, ornamentals and fruit crops which are commonly infested by F.
occidentalis in the United States.

Group Host plant species Reference

Crops Gossypium L. spp., cotton Hightower and Martin, 1956
Allium cepa L., onion Elmore, 1949
Carthamus tinctorius L., safflower Carlson, 1962; Anonymous,

1989

Fragaria vesca L., strawberry Allen and Gaede, 1963
Brassica oleracea L., cabbage Oatman and Platner, 1969
Lactuga sativa L., lettuce Yudin et al., 1988
Capsicum annum L., pepper
Lycopersicon esculentum Miller, tomato
Cucurbitaceae
Beta vulgaris L., beet
Ducus carota L., carrot

ornamentals Gladiolus L. spp. Weigel and Smith, 1933
Phurshia tridentate, bitterbrush Ferguson et al., 1963
Leucaena glauca Benth. Yudin et al., 1986
Rosa L. spp., rose
Dianthus L. spp., carnation
Lathyrus odoratus L., sweet-pea Anonymous, 1989

fruit trees Ficus carica L., fig Baker, 1939

Vitis L. spp., grapevine
Malus domestica Borkh., apple

McNally et al., 1985
Venables, 1925

Prunus L. spp., plum
Armeniaca vulgaris Lam., peach
Prunus persica nucipersica Scheid., nectarine Anonymous, 1989

1.3.2.1 Thrips tabaci Lindeman (Terebrantia, Thripidae, Thripinae)

T. tabaci (onion thrips) is one of the species which features greatest intraspecific variability
with regards to wing and body colour, ranging from light yellow to dark brown. The number
of antennal segments is always equal to seven, of which the first is paler than the others. The
main vein of the front wings features from 4 to 5 distal bristles, while no bristles are found on
the abdominal sternites (Bournier, 1983). Insects born in winter are darker than their summer

counterparts. Many biological studies have been conducted on this pest (Sakimura, 1932,
1937c¢; Harris et al., 1936; Dimitrov, 1976b; Zawirska, 1976).

T. tabaci reproduction is by constant thelytokous parthenogenesis (Table 4). Males have
never been found on protected crops in British and French populations (Morison, 1957;
Bournier, 1983) and probably neither in the rest of Europe. Morison (1957) found some males
in open fields in the UK, but not in greenhouses, and concludes that this thrips was incapable
of bisexual reproduction in protected environments. Bournier (1983) has even gone so far as
to hypothesize the existence of two strains, one of which is made up only of females and the
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other of bisexual individuals with a sex ratio of 1:1. O'Neil (1960) suggests that
parthenogenesis is the most common reproductive strategy employed by imported species as it
is the easiest and most direct method of reproduction. A possible confirmation to O'Neil's
hypothesis comes from the Near East, for example Iran, where this thrips is endemic and the
sex ratio has found to be 1:1 (Bournier, 1983), while in other parts of the world males are
decidedly rare, for example in Hawaii, where 1 male has been found for every 1000 females
(Sakimura, 1932), and in Sudan where out of 3000 females not one male was found (MacGill,
1927). According to O'Neil this species has originated in Central Asia, and, in fact, it was
already known to be present in Egypt at the time of the Pharaohs (Chittenden, 1951). As with
all thrips, the female lays eggs within plant tissues.

T. tabaci emerge from plant tissue through the tunnel drilled by the ovipositor. The first
instars feature fewer antennal segments than the adults, while the integument, initially almost
transparent, quickly develops pigmented spots depending on feeding patterns. Both first and
second instars are extremely voracious. Pupal moulting normally takes place in the soil or
humus around the hostplant within cells or on the plant itself. Duration of pre-imaginal stages
is obviously a function of temperature (see Table 5).

The species features a number of ecotypes, each of which is polyphagous and can be hosted
by a wide range of plants. In France, the insect has been found to reproduce
parthenogenetically, and while it has never been found on tobacco, it has been reported on a
variety of vegetable plants, mainly those belonging to the Liliaceae family, and in particular
on onions, but also on cucumbers and roses. Zawirska (1976) has observed two strains to be
present in Poland, one autochthonous, which reproduces parthenogenetically and which was
not found on tobacco, and the other which was found to spread gradually across the territory
beginning from the Ukrainian border. The latter ecotype reproduces bisexually and is capable
of transmitting virus-induced diseases, such as Tomato Spotted Wilt (see paragraph 1.5 for
further details).

T. tabaci is an extremely polyphagous species, it is known to infest about 300 plant species
including, leek, tobacco, vegetables of the Liliaceae family, cabbage, pea, melon, lettuce,
potato, tomato and carnation. It is particularly harmful to cotton crops, especially in the
Balkans, Asia Minor