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Abstract: We assessed the influence of nine biopesticides on adults and larvae of western flower thrips (WFT), Frankliniella occidentalis 
(Pergande) and its predator, the anthocorid Orius laevigatus (Fieber) under Mediterranean greenhouse conditions. Trials were carried 
out in a strawberry crop where both species had naturally established. Foliar sprays were applied weekly for one month. Treatments 
did not provide sufficient control of larval and adult F. occidentalis. The negative effects on the dynamics of the predator were evident 
only with the use of some specific products. The botanical insecticides rotenone and neem, and the nematode Steinernema feltiae (Fil-
ipjev) reduced O. laevigatus numbers, and these effect are evident in the adult stage of O. laevigatus. Such products have determined 
a reduction of the population of the predator from the first treatments even if the incidence was not very high. We conclude that the 
use of some botanical pesticides and nematodes against WFT is uneconomical and possibly disadvantageous where there is an estab-
lished predator-prey population.
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INTRODUCTION
Western flower thrips (WFT), Frankliniella occidentalis 

(Pergande) is widespread throughout the world. It infests 
more than 500 host plants belonging to about 50 families 
(Waterhouse and Norris 1989), including a number of ec-
onomically important crops (Cho et al. 1989). WFT cause 
direct damage by feeding on the plant/flowers or fruit 
and indirect damage by  vectoring plant viruses (Lewis 
1997).

At present, pesticides are the main control measure 
used by growers to manage WFT depending on crop and 
geographic region. But, chemical control is not always 
effective due to resistance in WFT to insecticides used 
in greenhouse crops (Brødsgaard 1994; Zhao et al. 1995; 
Broadbent and Pree 1997). The cryptic behavior of WFT 
in flower buds also makes it less easy for insecticides to 
regulate the WFT population. In this context, biological 
control is highly desirable and provides economic and 
eco-toxicological benefits.

Parasitic wasps, predatory mites, entomopathogenic 
nematodes (Premachandra et al. 2003; Loomans 2003; Lim 
and Van Driesche 2004; Arthurs and Heinz 2006; Arthurs 
et al. 2009) and generalist predators including minute pi-
rate bugs (Orius spp.) (Stoltz and Stern 1978; Waterhouse 
and Norris 1989; Bahsi and Tunc 2008), Nabidae (Nabis 
spp.) (Benedict and Cothran 1980) and lacewing larvae of 
Chrysoperla carnea Stephens have been used for biological 

control of Frankliniella spp. (Waterhouse and Norris 1989; 
Obrist et al. 2005; Atakan 2006). Of the generalist preda-
tors found in the Mediterranean area, the anthocorid 
Orius laevigatus (Fieber) plays an important role in sup-
pressing WFT (Vacante and Tropea Garzia 1993) as well 
as aphids, mites and whitefly populations (Alvarado et 
al. 1997; Montserrat et al. 2000) in unheated greenhouse  
conditions. 

Different biopesticides, such as botanical pesticides, 
fungi, nematodes can contribute to WFT control. Biopes-
ticides  used to control pests include animals, plants, 
bacteria, and minerals. For each pest and its biological 
control agent, research is required to evaluate the biopes-
ticide as part of an Integrated Pest Management (IPM) 
strategy. Laboratory, semifield, and field trials generally 
examine the activity and selectivity of substances on the 
pest and its biological control agents, in accordance with 
current International Organization for Biological Control 
(IOBC) protocols or suggestions (Bakker et al. 2000; Boller 
et al. 2005). However, field trials are required to fully eval-
uate the effects of biopesticides including their effects on  
predator-prey interactions. This aspect led to our study 
of F. occidentalis – O. laevigatus under Mediterranean 
greenhouse conditions. We assessed the efficacy of nine 
biopesticides that are currently used, or have potential 
for use in WFT control in glasshouses (Jackson et al. 1997; 
Copping 2001; Thoeming et al. 2003). This included six 
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botanical pesticides (neem, rotenone, pyrethrum, Derris 
elliptica (Wallich) Benth., Artemisia absinthium Linnaeus, 
Urtica dioca Linnaeus), two microbials [fungi – Beauveria 
bassiana (Balsamo) Vuillemin, Isaria fumosorosea Wize] and 
a nematode (Steinernema feltiae Filipjev). Our aim was to 
verify the influence of these biopesticides on WFT and  
O. laevigatus.

MATERIALS AND METHODS

Study site and experimental design
Trials were carried out on a strawberry crop in an un-

heated greenhouse (N 38° 49’ 49” – E 16° 16’ 37”), 10 m 
above sea level, and approximately 100 meters from the 
sea, in Pizzo Calabro (Calabria, South Italy). The green-
house was constructed from plastic and iron, and cov-
ered an area of 0.25 ha. Strawberry plants (Camarosa 
cultivar) were planted in October 2005. Plants were ar-
ranged 0.2 by 0.3 m in double rows, with a distance of 
1.4 m between each pair of rows. The length of the rows 
was 50 m and the width of the area was approximately 
50 m. The area was divided into 100 experimental units. 
Each experimental unit was 5 m long and 4.5 m wide, 
with three parallel double rows of 150 plants. A Latin 
square experimental design was used with 10x10 plots 
randomly assigned to 10 treatments with 10 replicates per 
treatment. Following planting, harmful fungal pathogens 
and mites were treated with pesticides, but no pesticides 
were applied the month before the experiment. The pres-
ence of WFT and O. laevigatus was verified at the end of 
March. Pre-treatment data on the population dynamics of  
O. laevigatus – WFT were collected in April, to evaluate 
any difference in their density and distribution in the ex-
perimental units. Trials were conducted from May-June 
2006, when plants were on full vegetation and there were 
no differences in thrips and predator densities between 
experimental units. The keys of Pèricart (1972) were used 
for taxonomic identification of Orius spp. Thrips species 
were identified using Mound and Kibby (1998).

Botanical pesticides and biological agents
Each experimental unit was treated weekly with the 

same product, for four weeks. Details of the products ap-
plied and the application rates are given in table 1.

Products were applied with a mechanical sprayer 
atomizer. For each experimental area, five liters of bio-
pesticide suspension or emulsion were applied. To ensure 
that no spray drift occurred, each experimental unit was 
isolated from adjacent units with a plastic cover.

Sampling of O. laevigatus and WFT
For each experimental unit, each week five open flow-

ers were randomly collected from the central double row. 
Flowers were examined within 24 hours of collection un-
der a stereo microscope. The nymphal and adult stages, 
of pest and predator, were recorded for pre-treatment 
data and for trials. 

Statistical analyses
The pre-treatment data collected to evaluate possible 

different predator-prey densities in the blocks before the 
treatments, were subjected to one way ANOVA. 

The effect of treatments on WFT (adults and lar-
vae) and on O. laevigatus (adult and nymphal stages) 
was evaluated using a multivariate analysis of variance 
(MANOVA) in general linear model (GLM) (SPSS 14.1 for 
Windows). Variables included in the model were treat-
ment (botanical pesticide, nematodes, etc.), flower har-
vesting dates, blocks and their interactions. To correctly 
determine  the effects of the treatments on the population 
of WFT, the juvenile and adult O. laevigatus density were 
used as covariates. The use of the predator as a covariate 
explains part of the variability of the dependent variable 
and allows a more precise calculation of the effects of the 
treatments reducing the casual variability. Likewise, lar-
val and adult WFT were used as covariates to evaluate the 
effects of insecticides on the O. laevigatus population. The 
multivariate analysis was conducted in two directions. 
The purpose of the analysis was to evaluate the effects of 
the regressive variables on the dependent variables. To 

Table 1. Botanical pesticides and biological agents used for four weeks

Products Concentrations Doses hl – 
hectoliters Trade names and producers

Fungus Beauveria bassiana 2.3x107 CFU 200 g/hl Naturalis®  Intrachem Bio Italia

Nematode Steinernema feltiae 2 millions/(0.5 hl) Nemasys Becker Underwood

Fungus Paecilomyces fumosoroseus  
Apopka Strain 97 2x109 CFU 200 g/hl Biobest

Rotenone Derris elliptica, Longhocarpus sp. 
and Tephrosia sp. (4.0% liter) 300 g/hl Bioroten® Intrachem Bio Italia

Botanical Artemisia absinthium  
(Absinthe)

powder – areal part 
(150 µm) 300 g/hl Fitofarmaceutica Medica srl Italia

Pyrethrum Chrysanthemum cinerariifolium (8.0%) 300 g/hl Biopiren plus® Intrachem Bio Italia

Botanical Derris elliptica and Lonchocarpus spp. 
(Origin Brasil)

powder – roots parts 
(150 µm) 300 g/hl Fitofarmaceutica Medica srl, Italia

Botanical Urtica dioica  
(Origin Italy)

powder – areal part 
(150 µm) 300 g/hl Fitofarmaceutica Medica srl, Italia

Neem Azadirachta indica (1.0%) 300 g/hl Neemazal-t/s® Intrachem Bio Italia

Control water
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meet the assumption of normality in the data, a square 
root transformation was used [(X+1)½]. A pairwise com-
parison test, based on Student’s t statistics (p = 0.05) with 
Bonferroni correction, was used to test for significant dif-
ferences amongst treatments. Wilks’ lambda test was also 
performed. This test is a direct measure of the proportion 
of variance in the combination of dependent variables, 
that is unaccounted for by the independent variable. If 
a large proportion of the variance is accounted for by the 
independent variable, then it suggests that there is an ef-
fect from the grouping variable, and that the groups have 
different mean values (Everitt and Dunn 1991).

RESULTS 

Pre-treatments study 
In the pre-treatment analysis, no differences among 

experimental units were detected in numbers of adults  
(F = 1.031, d.f. = 9, 90; p = 0.42) and larvae (F = 1.392,  
d.f. = 9, 90; p = 0.20) of WFT, as well as in numbers of adults  
(F = 0.814, d.f. = 9, 90; p = 0.61) and nymphs (F = 1.012,  
d.f. = 9, 90; p = 0.44) of O. laevigatus. 

The density (max number found) of WFT adult per 
flower was 3, and 12 for larvae. The density of O. leaviga-
tus adults was 1 and 3 for the nymphal stages.

F. occidentalis 
Table 2 indicates the factors that affected the density 

of WFT (larvae and adults). The variables that did not af-
fect the dependent variables are blocks, and dates, and 
for the covariate - the adults of O. laevigatus. Although the 
biopesticides in the model influence the density both of 
the larvae and of the adults of WFT (Table 2) there were 
no differences in the untreated control for the larvae and 
adults (Table 3). The only significant mean difference was  
for the U. dioica and D. elliptica (mean difference = 0.513; 
p = 0.04) for larvae (U. dioica > D. elliptica) and D. ellip-
tica and rotenone for adults (mean difference = 0.49; p = 
0.049), (rotenone > D. elliptica). The Wilks’ multivariate 
test parameter which ranges between 0 and 1, has a value 
of 0.909 (F = 2.342; p = 0.01)  with values close to 1, indi-
cating that the means are not very different. None of the 
different interactions examined in the analysis showed ef-
fects in the dependent variables (Table 2). For covariates, 
WFT adult numbers were affected by the juvenile stages 
of O. laevigatus (Table 2). 

O. laevigatus 
As in WFT, the density of O. laevigatus (nymphs and 

adults) is affected by different factors (Table 4). The vari-
ables that did not affect the dependent variables are block, 
and for covariate the larvae of F. occidentalis. Date affected 
only the juvenile stages of O. laevigatus and the biopesti-

Table 2. Results of MANOVA evaluating the effect of different biopesticides on F. occidentalis adults and larvae 

Source Dependent variable  
F. occidentalis d.f. F value p-value

Intercept
adults 1 112.117 < 0.001

larvae 1 358.341 < 0.001

Blocks
adults 9 0.777 0.638

larvae 9 1.628 0.105

Biopesticides
adults 9 2.759 0.004

larvae 9 1.968 0.042

Date
adults 4 1.196 0.312

larvae 4 0.475 0.754

Adults of O. laevigatus (a)
adults 1 0.954 0.329

larvae 1 0.721 0.396

Nimphal stages of O. laevigatus (a)
adults 1 5.149 0.024

larvae 1 0.557 0.456

Date * Juvenile stages of O. laevigatus
adults 4 1.019 0.397

larvae 4 0.431 0.786

Date * Adults of O. laevigatus
adults 4 0.566 0.687

larvae 4 1.036 0.388

Biopesticides * date
adults 36 0.803 0.786

larvae 36 1.224 0.180

Error
adults 431

larvae 431

Total
adults 500

larvae 500

(a) Covariate: density of O. laevigatus (nymphs and adults) at the time of flower harvesting  
d.f. – degrees of freedom; * – interaction between variables
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Table 3. Mean difference (±SE) in F. occidentalis numbers between the control and different biopesticides (pairwise comparison test) 

Adults of WFT Larvae of WFT

biopesticides mean 
difference SE p-value biopesticides mean 

difference SE p-value

Artemisia absinthium –0.020 0.129 1.000 Artemisia absinthium 0.186 0.153 1.000

Pyrethrum –0.249 0.128 1.000 Pyrethrum 0.108 0.152 1.000

Urtica dioica –0.168 0.130 1.000 Urtica dioica –0.174 0.154 1.000

Neem –0.003 0.132 1.000 Neem 0.320 0.157 1.000

Derris elliptica 0.045 0.130 1.000 Derris elliptica 0.338 0.154 1.000

Beauveria bassiana –0.318 0.131 0.702 Beauveria bassiana 0.200 0.155 1.000

Rotenone –0.359 0.130 0.272 Rotenone 0.194 0.154 1.000

Isaria fumosorosea –0.266 0.130 1.000 Isaria fumosorosea 0.140 0.154 1.000

Steinernema feltiae –0.045 0.131 1.000 Steinernema feltiae 0.268 0.155 1.000

WFT – Western flower thrips

Table 4. Results of MANOVA (a) evaluating the effect of different biopesticides on O. laevigatus adults and nymphs 

Source Dependent variables O. laevigatus d.f. F value p-value

Intercept
adults 1 128.814 < 0.001

nymphs 1 255.010 < 0.001

Blocks
adults 9 0.767 0.648

nymphs 9 1.631 0.104

Biopesticides
adults 9 4.074 < 0.001

nymphs 9 1.230 0.274

Date
adults 4 1.215 0.304

nymphs 4 2.554 0.038

Larvae of F. occidentalis
adults 1 1.973 0.161

nymphs 1 0.742 0.389

Adults of F. occidentalis
adults 1 1.197 0.275

nymphs 1 6.976 0.009

Date * Larvae of F. occidentalis
adults 4 1.324 0.260

nymphs 4 0.640 0.634

Date * Adults of F. occidentalis
adults 4 0.669 0.614

nymphs 4 0.859 0.489

Treatments * date
adults 36 0.895 0.646

nymphs 36 1.277 0.136

Error
adults 431

nymphs 431

Total
adults 500

nymphs 500

(a) Covariate: density of F. occidentalis larvae and adults at the time of flower harvesting  
* – interaction between variables
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Table 5. Mean difference (±SE) in O. laevigatus numbers between the control and different biopesticides (pairwise comparison test)

Adults of O. laevigatus Nymphal stages of O. laevigatus

biopesticides mean 
difference SE p-value biopesticides mean 

difference SE p-value

Artemisia absinthium 0.108 0.076 1.000 Artemisia absinthium 0.035 0.093 1,000

Pyrethrum 0.019 0.076 1.000 Pyrethrum 0.105 0.093 1,000

Urtica dioica 0.031 0.076 1.000 Urtica dioica 0.226 0.093 0.692

Neem 0.271(*) 0.076 0.020 Neem 0.071 0.093 1.000

Derris elliptica 0.068 0.076 1.000 Derris elliptica 0.145 0.093 1.000

Beauveria bassiana 0.234 0.077 0.107 Beauveria bassiana 0.135 0.093 1.000

Rotenone 0.259(*) 0.076 0.035 Rotenone 0.002 0.093 1.000

Isaria fumosorosea 0.160 0.076 1.000 Isaria fumosorosea 0.025 0.093 1.000

Steinernema feltiae 0.259(*) 0.076 0.038 Steinernema feltiae 0.117 0.094 1.000

(*) The mean difference is significant at the 0.05 level

Fig. 1. O. laevigatus and F. occidentalis dynamics for different significant treatments (mean ±SE per experimental units n = 5 flowers): 
control (a); Rotenone (b); Neem (c); S. feltiae (d)
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Fig. 1. O. laevigatus and F. occidentalis dynamics for different significant treatments (mean ±SE per experimental units n = 5 flowers): 
control (a); Rotenone (b); Neem (c); S. feltiae (d)

Fig. 2. O. laevigatus (adult and nymphal stages) dynamics for Neem vs the control (mean ±SE per experimental units n = 5 flowers)
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cides influenced the density of O. laevigatus adults (Table 
4). Rotenone, neem and nematodes (S. feltiae) reduced 
adult numbers of O. laevigatus in comparison to the con-
trol (Table 5). The Wilks’ multivariate test yielded a value 
of 0.890 (F = 2.342; p = 0.01) indicating that the effect of 
treatments on the means is not high. Moreover, no sig-
nificant interactions were detected. The adult of WFT as 
a covariate, affected the  juvenile stages of O. laevigatus 
(Table 4). The numbers of adult O. laevigatus in week  
4 were between 1.5 and 8 times lower than those of the 
control (Figs. 1a, b, c, d). For neem this dynamic is evident 
vs the control after the third monitoring (Fig. 2).

DISCUSSION
Information about the side effects of pesticides on 

beneficials is used to appraise the possibility of their use 
in IPM programs (Way and van Emden 2000; Tedeschi  
et al. 2001; Cameron et al. 2009).

The general negative effects of botanical pesticides 
and biological agents on predators have been evalu-
ated for different species (Schmutterer 1997; Hilbeck  
et al. 1999; Peveling  and Ould El 2006; Thungrabeab and 
Tongma 2007; Nadimi et al. 2008; Nawrocks 2008), and 
their effect on biological diversity and epigeic fauna by 
Pekàr (1999). The present study demonstrates that the 
biopesticides rotenone and neem, and the nematode  
S. feltiae reduced O. laevigatus adult numbers. Thus, the 
use of these biopesticides affected the O. laevigatus – WFT 
dynamics in strawberry, although their effect does not in-
terrupt their relationship. The nematode S. feltiae is used 
to control a range of pests including whitefly Bemisia taba-
ci (Gennadius) (Cuthbertson et al. 2007), and is an alterna-
tive biological agent for WFT. 

S. feltiae generally induces mortality in the first larval 
stage and prepupae of WFT (Buitenhuis and Shipp 2005). 
Arthurs and Heinz (2006) reported that nematodes did 
not provide adequate control of thrips in flowering plants 
of chrysanthemum. An antagonistic interaction between 
entomogenous nematodes and B. bassiana is reported by 
Barberchek and Kaya 1990. The application of S. feltiae 
had a significant effect on O. laevigatus in our trial. We 
found complete absence of adult predators where S. fel-
tiae had been applied.

Neem showed high direct toxicity and was harmful to 
the mirid Macrolophus caliginosus Wagner, when nymphal 
stages were exposed to fresh dry residues (Tedeschi et 
al. 2001). However, 5 days after treatment, neem had no 
significant effect on mortality or fecundity of surviving 
females. Similarly, neem had no effect on survival and 
fecundity of O. laevigatus exposed via direct contact or  
by ingestion of infected eggs of Ephestia kuehniella Zeller 
(Van de Veire et al. 1996; Angeli et al. 2005). Qi et al. (2001) 
found that neem treatments were not toxic to adult la-
dybird [Harmonia conformis (Boisduval) (Coleoptera: Coc-
cinellidae] and Mallada signatus (Schneider) (Neuroptera: 
Chrysopidae) larvae exposed via feeding. However, the 
metamorphosis and pupal survival of M. signatus were 
negatively affected. These studies confirm that neem 
compounds act in different ways on insects, disrupting 
the developmental processes, inducing adult sterility, dis-

turbing adult behavior, or by repelling adults and larvae 
(Schmutterer 1990; Mordue and Blackwell 1993). 

However, few studies have examined the effect of 
biopesticides on the predator-prey system. The present 
study suggests that O. laevigatus is effective in suppress-
ing F. occidentalis populations in strawberry. The number 
of thrips were kept low for the whole trail period under 
the economic thresholds of WFT/flower, as esteemed by 
Coll et al. (2006). They found an economic threshold of  
24 WFT/flowers in the spring period.

In greenhouses in the Mediterranean area, the use or 
the natural control of O. laevigatus in spring and summer 
should suppress WFT populations. However, throughout 
the winter, temperatures of around 10°C induce a winter 
diapause in O. laevigatus (Alauzet et al. 1994). WFT con-
tinues to reproduce through winter (Coll et al. 2006) and 
at the beginning of spring, and chemical control measures 
are sometimes required. In this situation, biopesticides 
may be useful. Biopesticides may also be useful when 
applied in the first phases of thrips colonization or if no 
beneficials are present. However, the efficacy of these 
biopesticides against WFT needs to be re-evaluated. Fur-
ther studies should focus on their efficacy against WFT 
for use in other greenhouse crops.

ACKNOWLEDGEMENTS 
The authors kindly thank Carlo Bazzocchi for materi-

als furnished and Maurizio Funaro (A.R.S.S.A Calabria)
for the technical support given in the field. 

The authors received funding from Università Medi-
terranea di Reggio Calabria.

REFERENCES 
Alauzet C., Dargagnon D., Malausa J.C. 1994. Bionomics of a po-

lyphagous predator: Orius laevigatus (Het.: Anthocoridae). 
Entomophaga 39 (1): 33–40.

Alvarado P., Balta ̀O., Alomar O. 1997. Efficiency of four heterop-
tera as predators of Aphis gossypii and Macrosiphum euphor-
biae (Hom.: Aphididae). Entomophaga 42 (1–2): 215–226.

Arthurs S., Heinz K.M. 2006. Evaluation of the nematodes Stein-
ernema feltiae and Thripinema nicklewoodi as biological con-
trol agents of western flower thrips Frankliniella occidentalis 
infesting chrysanthemum. Biocontrol Sci. Technol. 16 (2): 
141–155.

Arthurs S., McKenzie C.L., Chen J., Dogramaci M., Brennan M., 
Houben K., Osborne L. 2009. Evaluation of Neoseiulus cu-
cumeris and Amblyseius swirskii (Acari: Phytoseiidae) as 
biological control agents of chilli thrips, Scirtothrips dorsa-
lis (Thysanoptera: Thripidae) on pepper. Biol. Control 49: 
91–96.

Angeli G., Baldessari M., Maines R., Duso C. 2005. Side-effects 
of pesticides on the predatory bug Orius laevigatus (Het-
eroptera: Anthocoridae) in the laboratory. Biocontrol Sci.  
Technol. 15 (7): 745–754.

Atakan E. 2006. Associations between Frankliniella spp. and Orius 
niger populations in cotton. Phytoparasitica 34 (3): 221–234.

Bahsi S.U., Tunc I. 2008. Development, survival and reproduc-
tion of Orius niger (Hemiptera: Anthocoridae) under differ-



22 Journal of Plant Protection Research 52 (1), 2012

ent photoperiod and temperature regimes Biocontrol Sci. 
Technol. 18 (8): 767–778.

Bakker F.M., Aldershof S.A., Van de Veire M., Candolfi M.P., 
Izquierdo J.I., Kleiner R., Neumann C.H., Nienstedt K.M., 
Walker H. 2000. A laboratory test for evaluating the effects 
of plant protection products on the predatory bug, Orius 
laevigatus (Fieber) (Heteroptera: Anthocoridae). p. 57–70. 
In: “Guidelines to Evaluate Side-Effects of Plant Protec-
tion Products to Non-Target Arthropods” (M.P. Candolfi,  
S. Blümel, R. Forster, eds.).  Bull. IOBC/WPRS, 158 pp. 

Barberchek M.E., Kaya H.K. 1990. Interactions between Beauve-
ria bassiana and the entomogenous nematodes, Steinernema 
feltiae and Heterorhabditis heliothidis. J. Invertebr. Pathol.  
55 (2): 225–234.  

Benedict J.H., Cothran W.R. 1980. Damsel bugs useful as preda-
tors but need help. California Agriculture 34 (8–9): 11–12. 

Boller E.F., Vogt H,, Ternes P., Malavolta C. 2005. Working docu-
ment on  selectivity of pesticides (2005). IOBC/WPRS Com-
mission on IP guidelines and endorsement – IOBC/WPRS 
Working Group on Pesticides and Beneficial Organisms,  
p 8. Available www.iobc.ch/2005/Working%20Document%20
Pesticides_Explanations.pdf. Accessed: March 2009, 9 pp.

Broadbent A.B., Pree D.J. 1997. Resistance to insecticides in pop-
ulations of Frankliniella occidentalis Pergande (Thysanop-
tera: Thripidae) from greenhouses in the Niagara region of 
Ontario. Can. Entomol. 129 (5): 907–913.

Brødsgaard H.F. 1994. Insecticide resistance in European and 
African strains of western flower thrips (Thysanoptera: 
Thripidae) tested in a new residue-on-glass test. J. Econ. 
Entomol. 87 (5): 1141–1146.

Buitenhuis R., Shipp J.L. 2005. Efficacy of entomopathogenic 
nematode Steinernema feltiae (Rhabditida: Steinernemati-
dae) as influenced by Frankliniella occidentalis (Thysanop-
tera: Thripidae) developmental stage and host plant stage. 
J. Econ. Entomol. 98 (5): 1480–1485. 

Cameron P.J., Walker G.P., Hodson A.J., Kale A.J., Herman T.J.B. 
2009. Trends in IPM and insecticide use in processing to-
matoes in New Zealandv. Crop Protect. 28 (5): 421–427.

Cho J.J., Mau R.F.L., German T.L., Hartmann R.W., Yudin L.S. 
1989. A multidisciplinary approach to management of to-
mato spotted wilt virus in Hawaii. Plant Dis. 73 (5): 375–
383. 

 Coll M., Shakya S., Shouster I., Nenner Y., Steinberg S. 2006. 
Decision-making tools for Frankliniella occidentalis manage-
ment in strawberry: consideration of target markets. Ento-
mol. Exp. Appl. 122 (1): 59–67.

Copping L.G. (ed.). 2001. The BioPesticides Manual. 2nd ed. Brit-
ish Crop Protection Council, 528 pp.

Cuthbertson A.G.S., Walters K.F.A., Northing P., Luo W. 2007. 
Efficacy of the entomopathogenic nematode, Steinernema 
feltiae, against sweetpotato whitefly Bemisia tabaci (Homop-
tera: Aleyrodidae) under laboratory and glasshouse condi-
tions. Bull. Entomol. Res. 97 (1): 9–14.

Everitt B.S., Dunn G. 1991. Applied Multivariate Data Analysis. 
Edward Arnold, London,  316 pp.

Hilbeck A., Moar W.J., Pusztai-Carey M., Filippini A., Bigler F. 
1999. Prey-mediated effects of Cry1Ab toxin and protoxin 
and Cry2A protoxin on the predator Chrysoperla carnea. En-
tomol. Exp. Appl. 91 (2): 305–316.

Jackson M.A., McGuire M.R., Lacey L.A., Wraigtht S.P. 1997. Liq-
uid culture production of desiccation tolerant blastospores 

of the bioinsecticidal fungus Paecilomyces fumosoroseus. My-
col. Res. 101 (1): 35–41.

Lewis T. (ed.). 1997. Thrips as Crop Pests. CAB International, 
United Kingdom, 740 pp.

Lim U.T., Van Driesche R.G. 2004. Assessment of augmentative 
releases of parasitic nematode Thripinema nicklewoodi for 
control of Frankliniella occidentalis in impatiens bedding 
plants. Environ. Entomol. 33 (5): 1344–1350.

Loomans A. 2003. Parasitoids as Biological Control Agents of 
Thrips Pest. Ph.D. thesis, Wageningen University, 198 pp. 

Montserrat M., Albajes R., Castañe C. 2000. Functional response 
of four heteropteran predators preying on greenhouse 
whitefly (Homoptera: Aleyrodidae) and western flower 
thrips (Thysanoptera: Thripidae). Environ. Entomol. 29 (5): 
1075–1082. 

Mordue A.J., Blackwell A. 1993. Azadirachtin: an update. J. In-
sect Physiol. 39 (11): 903–924.

Mound L.A., Kibby G. 1998. Thysanoptera: An Identification 
Guide. 2nd ed. CABI Publishing, 70 pp.

Nawrocks B. 2008. The influence of spinosad and azadirachtin 
on beneficial fauna naturally occurring on cabbage crops. 
Vegetable Crops Res. Bull. 69: 115–124. 

Nadimi A., Kamali K., Arbabi M., Abdoli F. 2008. Side-effects of 
three Acarides on the predatory mite, Phytoseiulus persimil-
is Athias-Henriot (Acari: Phytoseiidae) under laboratory 
conditions. Munis Entomol. Zool. 3 (2): 556–567.

Obrist L.B., Klein H., Dutton A., Bigler F. 2005. Effects of Bt maize 
on Frankliniella tenuicornis and exposure of thrips predators 
to prey-mediated Bt toxin. Entomol. Exp. Appl. 115 (3): 
409–416.

Pekár S. 1999. Side-effect of integrated pest management and 
conventional spraying on the composition of epigeic spi-
ders and harvestmen in an apple orchard (Araneae, Opil-
iones). J. Appl. Ent. 123 (2): 115–120.

Pèricart J. 1972. Hémiptères. Anthocoridae, Cimicidae et Mi-
crophsidae de L’ouest-Paléarctique.- Masson Et Cie Edit-
eurs, Paris, 401 pp.

Peveling R., Ould El S. 2006. Side-effects of botanical insecticides 
derived from Meliaceae on coccinellid predators of the 
date palm scale. Crop Protect. 25 (12): 1253–1258.

Premachandra W.T.S.D., Borgemeister C., Berndt O., Ehlers R.U., 
Poehling H.M. 2003. Combined releases of entomopatho-
genic nematodes and the predatory mite Hypoaspis acule-
ifer to control soil-dwelling stages of western flower thrips 
Frankliniella occidentalis. BioControl 48 (5): 529–541.

Qi B., Gordon G., Gimme W. 2001. Effects of neem-fed prey on 
the predacious insects Harmonia conformis (Boisduval) (Co-
leoptera: Coccinellidae) and Mallada signatus (Schneider) 
(Neuroptera: Chrysopidae). Biol. Control 22 (2): 185–190.

Schmutterer H. 1990. Properties and potential of natural pes-
ticides from the neem tree, Azadirachta indica. Annu. Rev. 
Entomol. 35: 271–297.

Schmutterer H. 1997. Side-effects of neem (Azadirachta indica) 
products on insect pathogens and natural enemies of spi-
der mites and insects. J. Appl. Entomol. 121 (1–5): 121–128.

Stoltz R.L., Stern V.M. 1978. The longevity and fecundity of 
Orius tristicolor when introduced to increasing numbers of 
the prey Frankliniella occidentalis. Environ. Entomol. 7 (2): 
197–198.

Tedeschi R., Alma A.,  Tavella L. 2001. Side-effects of three neem 
(Azadirachta indica A. Juss) products on the predator Macro-



 Influnnues os  otnnntas ueonnniuestnis n a onntastounoes ns Onlesatuenotoles s Fs nnniunotanes 23

lophus caliginosus Wagner (Het., Miridae). J. Appl. Entomol. 
125 (7): 397–402. 

Thoeming G., Borgemeister C., Sétamou M., Poehling H.M. 2003. 
Systemic effects of neem on western flower thrips, Frankli-
niella occidentalis (Thysanoptera: Thripidae). J. Econ. Ento-
mol. 96 (3): 817–825. 

Thungrabeab M., Tongma S. 2007. Effect  of entomopathogenic 
fungi, Beauveria bassiana (Balsam) and Metarhizium aniso-
pliae (Metsch) on target insects. KMITL Sci. Tech. J. 7 : 8–12. 

Vacante V., Tropea Garzia G. 1993. Prime osservazioni sulla ris-
posta funzionale di Orius laevigatus (Fieber) nel controllo 
di Frankliniella occidentalis (Pergande) su peperone in serra 
fredda. Colture Protette 22: 33–36.

Van de Veire M., Smagghe G., Degheele D. 1996. Laboratory test 
method to evaluate the effect of 31 pesticides on the preda-

tory bug, Orius laevigatus (Het. Anthocoridae). Entomoph-
aga 41 (2): 235–243.

Way M.J., van Emden H.F. 2000. Integrated pest management in 
practice – pathways towards successful application. Crop 
Protect. 19 (2): 81–103.

Waterhouse D.F., Norris K.R. 1989. Frankliniella occidentalis (Per-
gande). p. 24–35. In: “Biological Control Pacific Prospects” 
– Supplement 1. Australian Centre for International Agri-
culture Research, Canberra, 123 pp. 

Zhao G.Y., Liu W., Brown J.M., Knowles C.O. 1995. Insecticide 
resistance in field and laboratory strains of western flower 
thrips (Thysanoptera: Thripidae). J. Econ. Ent. 88 (5): 1164–
1170.


