
insects

Article

Evaluation of a Push-Pull System for the
Management of Frankliniella Species (Thysanoptera:
Thripidae) in Tomato

Kara Tyler-Julian 1, Joe Funderburk 1,*, Mrittunjai Srivastava 1, Steve Olson 2 and Scott Adkins 3

1 Department of Entomology and Nematology, University of Florida, North Florida Research and Education
Center, 155 Research Road, Quincy, FL 32351, USA; kara.tyler@ncf.edu (K.T.-J.);
mrittunjai.srivistava@freshfromforida.com (M.S.)

2 Horticulture Department, University of Florida, North Florida Research and Education Center,
155 Research Road, Quincy, FL 32351, USA; smolson@ufl.edu

3 US Horticultural Research Laboratory, USDA-ARS, Fort Pierce, FL 34945, USA; Scott.Adkins@ars.usda.gov
* Correspondence: jef@ufl.edu; Tel.: +1-850-875-7146

Received: 1 October 2018; Accepted: 30 November 2018; Published: 7 December 2018
����������
�������

Abstract: A push-pull strategy for reducing populations of the thrips Frankliniella occidentalis
(Pergande), F. bispinosa (Morgan) and F. tritici (Fitch) in tomato was evaluated. Push components
consisted of ultraviolet (UV)-reflective mulch and foliar applications of kaolin and the pull component
consisted of the companion plant Bidens alba (L.). Replicated field experiments were conducted
in 2011 and 2012. Adult and larval thrips were reduced by UV-reflective mulch during early and
mid-flowering of tomato. Spray applications of kaolin were effective in reducing adult and larval
thrips during early, mid- and late-flowering. The pull effects of the B. alba companion plants were
additive and sometimes interactive with the push effects of UV-reflective mulch and kaolin in
reducing the adult males of each thrips species and the females of F. bispinosa. The strategy was not
effective in reducing the adult females of F. tritici and F. occidentalis. In addition to attracting the
Frankliniella species adults, the companion plants were hosts for the thrips predator Orius insidiosus
(Say). The companion plants combined with UV-reflective mulch and kaolin proved effective as a
push-pull system for suppressing flower thrips, including F. occidentalis which is a serious pest of
tomato worldwide.
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1. Introduction

Native to the southwestern United States, Frankliniella occidentalis (Pergande) (Thysanoptera:
Thripidae) is now a common worldwide pest of tomato and other crops. It causes cosmetic damage
from the feeding and oviposition injuries on the small fruits of tomato [1,2]. It is also the key vector of
Tomato spotted wilt virus and other orthotospoviruses [3]. In Florida, the native congeners, F. bispinosa
(Morgan) and F. tritici (Fitch), also inhabit the flowers of tomato and other fruiting vegetables [4] and
these native species outcompete F. occidentalis [5].

The key natural enemy of flower thrips is the zoophytophagous insidious flower bug,
Orius insidiosus (Say) (Hemiptera: Anthocoridae) [6]. This predator preys on thrips larvae and the
adults of F. occidentalis over the adults of F. bispinosa and F. tritici [7,8]. Approximately one insidious
flower bug for every 180 thrips is sufficient for suppression with thrips populations under control at a
ratio of one per 40 thrips [6,9]. Usually, natural populations are not sufficient in tomato to provide
control of thrips [10]. Allelochemicals in the plant’s trichomes deter the predator and alter its functional
response in capturing thrips prey [11].
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Calendar applications of broad-spectrum insecticides, such as pyrethroids, have been used for
controlling thrips in fields. These applications were initially successful with their effects dwindling
and reversing with increased use [12]. These chemicals eliminate the natural predators and the
native species of thrips that would otherwise prevent F. occidentalis from attaining damaging levels
in the field [12,13]. Applications of insecticides to control adult thrips in flowers do not prevent
the transmission of orthotospoviruses [14,15]. Furthermore, the life history and genetic adaptations
of F. occidentalis lead to the development of resistant populations [16]. Resistant populations of
F. occidentalis combined with a lack of natural predators and competition from native thrips create a
situation in which damaging populations are present in a field and cannot be controlled.

Ultraviolet (UV)-reflective mulch disrupts the ability of certain insects, including F. occidentalis,
to find the host plant [17]. UV-reflective mulch reduces thrips numbers and the incidence of tomato
spotted wilt disease, while increasing the yield of tomato [14]. Kaolin is an aluminosilicate mineral that
is used on plants for pest control and protection from sun damage [18]. The modes of action include
repelling light, impeding the ability of the insect to grasp the plant surface, deterring feeding and
oviposition, impeding development and direct mortality [19–23]. Kaolin has been shown to reduce
thrips on blueberries, onions and tomatoes [22,24,25].

There is potential to attract O. insidiosus into tomato fields using habitat management strategies
such as companion plants [9]. A companion plant that is a host for O. insidiosus and a trap for
flower thrips would be useful in a push-pull strategy [26]. Helianthus annuus L. previously was
evaluated as a companion plant species in a push-pull system to manage flower thrips in pepper
with kaolin and UV-reflective mulch evaluated as push components [9]. The objective of this research
was to evaluate a push-pull system for managing flower thrips on tomatoes. Push components were
UV-reflective mulch and foliar applications of kaolin and the pull component was the companion plant
Bidens alba (L.) (Asteraceae).

2. Materials and Methods

2.1. Plot Establishment and Maintenance

Experiments on ‘Florida 47’ tomato and companion plants of B. alba were conducted in 2011
and 2012 at the North Florida Research and Education Center, University of Florida in Quincy
(30◦ 32′ 52” N, 84◦ 35′ 36” W). Both tomato and companion plants were produced on raised plastic
mulch beds 10 cm in height and 91.4 cm in width with a 1.83 m spacing between beds. Soil under the
beds with tomato was fertilized with 204, 29 and 170 kg/ha of N, P and K, respectively. All beds were
treated before mulch application with S-metolachlor (Syngenta Crop Protection LLC, Greensboro, NC,
USA) at 1.2 kg active ingredient/ha for weed control. Each bed was irrigated with single trickle-tube
with emitters spaced every 30 cm at a rate of 20,000 liters/ha/d. Weeds between the beds were
additionally controlled by hand weeding and application of paraquat dichloride (Syngenta Crop
Protection LLC) at 0.5 kg active ingredient/ha.

A split-split plot randomized complete block design with three replications was used each year
to evaluate the separate and interactive effects of companion plants, mulch and kaolin. Whole-plot
treatments were UV-reflective mulch and black mulch (Berry Plastics Corporation, Evansville, IN, USA),
subplot treatments were kaolin (Surround WP, Engelhard Corp., Iselin, NJ, USA) and a control of no
kaolin and sub-subplot treatments were B. alba companion plants and a control of no companion plants.
The split-split plot treatment arrangement was used to reduce the inter-plot effects of UV-reflective
mulch and kaolin on thrips movement [9,27]. Surround WP is 95% unprocessed mined mineral kaolin
that is certified organic by the Organic Materials Review Institute) [28]. Sub-subplot size was 6 beds
by 9m with the 4 inner beds of each sub-subplot consisting of one linear row of tomato with a 45-cm
spacing between plants for a total of 80 plants per sub-subplot. Two rows of B. alba were transplanted
into each of the two external beds with a 30-cm spacing within and between rows for a total of 128
companion plants per sub-subplot. No B. alba were planted within or between the four inner beds
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planted with tomato. Six-week old tomato and B. alba transplants were placed in the plastic mulch beds
on 29 and 27 Mar in 2011 and 2012, respectively. Kaolin was applied to tomato plants twice weekly
from 22 Apr to 3 Jun in 2011 and 30 Apr to 6 Jun in 2012 at a rate of 7.0 kg/ha using a CO2-backpack
sprayer equipped with 5 hollow cone nozzles applying 405 liters/ha.

2.2. Insect Sampling

Sampling for insects began on 26 Apr 2011 and 1 May 2012 within a few days of first flowering.
Two samples of 10 flowers were randomly collected from the two outer tomato beds of each sub-subplot
twice per week for 13 and 12 total sample dates in 2011 and 2012, respectively [29]. Two random
samples of 10 B. alba flowers were collected on each sample date from each sub-subplot with companion
plants. All flowers were placed in vials containing 70% ethanol. Thrips, O. insidiosus and other insects
were extracted from flowers in each sample and identified to species, life stage and gender under a
stereoscope with 40 to 100 × magnification. Tomato spotted wilt virus incidence was recorded in the two
inner tomato beds of each sub-subplot as reported previously [27].

2.3. Statistical Analyses

The number of thrips larvae per adult Frankliniella species was determined on each 2011 and 2012
sample date for tomato and B. alba of each treatment. Ratios of < and > 1 indicated a declining and
increasing population, respectively [30]. The ratio of total thrips (adults and larvae) per O. insidiosus
was determined on each 2011 and 2012 sample date for tomato and B. alba of each treatment. Treatment
effects each year in numbers of adult male and female F. tritici, adult male and female F. occidentalis,
adult male and female F. bispinosa, larval thrips and adult and nymphal O. insidiosus per ten tomato
flowers were analyzed each year using an analysis of variance for a randomized complete block
design for a split-split plot treatment arrangement for data across sample date (PROC MIXED) [31].
The main and interactive effects in the model each year are shown in Table 1. The random effects
included in the model were rep X mulch (date), rep X mulch X kaolin (date) and rep X mulch X
kaolin X companion plant (date). Additional analyses were conducted to evaluate the effects of mulch,
kaolin and companion plants on individual sample dates (PROC GLIMMIX) [31]. The random effects
included in the model were rep, rep X mulch, rep X mulch X kaolin and rep X mulch X kaolin X
companion plant. Treatment effects of mulch and kaolin each year in numbers of adult male and
female F. tritici, adult male and female F. occidentalis, adult male and female F. bispinosa, larval thrips
and adult and nymphal O. insidiosus per ten flowers in the Bidens companion plants were analyzed each
year using an analysis of variance for a randomized complete block design for a split-plot treatment
arrangement for data across sample date (PROC MIXED) [31]. The random effects included in the
model were rep X mulch (date) and rep X mulch X kaolin (date). Data for all analyses was transformed
to log10 (x + 1) and the main effects and their interactions were considered significant at α = 0.05.

3. Results

3.1. Abundance of Thrips and O. insidiosus in B. alba

The seasonal mean (SEM) per 10 B. alba flowers of F. tritici, F. bispinosa and F. occidentalis across all
dates in 2011 was 100.7 (5.4), 0.43 (0.05) and 3.9 (0.27), respectively (n = 325 samples). The seasonal
mean (SEM) per 10 B. alba flowers of F. tritici, F. bispinosa and F. occidentalis across all dates in 2012 was
33.4 (0.76), 83.4 (4.2) and 1.8 (0.17), respectively (n = 288 samples). The numbers of thrips larvae in
B. alba flowers each year was less than 1% of the number of thrips adults. The seasonal mean (SEM)
of thrips larvae per 10 B. alba flowers was 0.52 (0.07) and 1.8 (0.10) in 2011 and 2012, respectively
(n = 325 and 288, respectively). The seasonal mean (SEM) per 10 B. alba flowers of adult and nymphal
O. insidiosus was 2.7 (0.15) and 4.8 (0.19) across all dates in 2011 and 2012, respectively (n = 325 and 288,
respectively). The ratio of the number of total thrips per O. insidiosus was 39 and 120 across date in 2011
and 2012, respectively. Therefore, the numbers of the predator relative to the numbers of thrips were
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sufficient to result in prey suppression. Adult and larval Frankliniella thrips and adult and nymphal
O. insidiosus were > 98% of the total insects in the B. alba samples.

3.2. Effects of Mulch and Kaolin on Thrips and O. insidiosus in B. alba

There were no indications either year that mulch or kaolin treatments in the tomato crop affected
the numbers of F. occidentalis or O. insidiosus in the flowers of the B. alba companion crop (data not
shown). The main effect of mulch was not significant for female F. occidentalis, male F. occidentalis and
total (adults and nymphs) O. insidiosus in 2011 (F = 0.4, 0.1 and 0.5, respectively; d. f. = 1, 28; P > 0.05)
or in 2012 (F = 0.1, 1.0 and 0.1, respectively; d. f. = 1, 24; P > 0.05). The main effect of kaolin was not
significant for female F. occidentalis, male F. occidentalis and total O. insidiosus in 2011 (F = 0.7, 0.0 and
0.0, respectively; d. f. = 1, 55; P > 0.05) and in 2012 (F = 0.1, 0.0 and 2.2, respectively; d. f. = 1, 48;
P > 0.05).

The males of F. tritici in 2011 and the males of F. bispinosa in 2012 in the B. alba companion plant
were reduced by application of kaolin in the tomato crop (F = 8.4 and 4.6, respectively; d. f. = 1, 55 and
1, 48, respectively; P = 0.005 and 0.04, respectively). The seasonal mean (SEM) per 10 B. alba flowers
of the F. tritici males across all dates in 2011 was 38.4 (3.6) and 46.4 (4.6) in the kaolin and no kaolin
plots, respectively (n = 325 samples), while the seasonal mean (SEM) per 10 B. alba flowers of the
F. bispinosa males across all dates in 2012 was 30.1 (2.4) and 32.1 (2.5) in the kaolin and no kaolin plots,
respectively (n = 288 samples). The males of F. tritici in 2012 and the males of F. bispinosa in 2011 in the
B. alba companion plants were not affected by application of kaolin in the tomato crop (F = 0.3 and 2.0;
d. f. = 1, 48 and 1,55; P > 0.05). The females of F. tritici in the B. alba companion plants were not affected
by application of kaolin in the tomato crop in 2011 or 2012 (F = 2.2 and 0.2, respectively; d. f. = 1,
55 and 1, 48, respectively; P > 0.05). The females of F. bispinosa in the B. alba companion plants were
not affected by application of kaolin in the tomato crop in 2011 or 2012 (F = 0.0 and 1.2, respectively;
d. f. = 1, 55 and 1, 48, respectively; P > 0.05).

Neither the male nor female F. tritici in the B. alba companion plant were affected by the mulch
treatments either year (data not shown). The main effect of mulch was not significant for female and
male F. tritici in 2011 (F = 1.6 and 1.1, respectively; d. f. = 1, 28; P > 0.05) or in 2012 (F = 0.2 and 1.4,
respectively; d. f. = 1, 24; P > 0.05). The males and females of F. bispinosa in the B. alba companion
plants were not affected by the mulch treatments in 2011 (F = 1.2 and 0.1, respectively; d. f. = 1, 28;
P > 0.05). The males and females of F. bispinosa in the B. alba companion plants were reduced by the
mulch treatments in 2012 (F = 4.9 and 10.3, respectively; d. f. = 1, 24; P = 0.04 and 0.004, respectively).
The seasonal mean (SEM) per 10 B. alba flowers of the F. bispinosa males in 2012 was 28.7 (2.1) and
33.6 (2.7) in the UV-reflective and black plots, respectively (n = 288 samples), while the seasonal mean
(SEM) per 10 B. alba flowers of the F. bispinosa males in 2012 was 49.8 (3.5) and 54.8 (3.9) in the kaolin
and no kaolin plots, respectively (n = 288 samples).

3.3. Effects of Mulch and Kaolin on Thrips and O. insidiosus in Tomato

Male and female F. tritici in 2011 and 2012, male and female F. occidentalis in 2011, male F. bispinosa
in 2011 and 2012, female F. bispinosa in 2012 and thrips larvae in 2011 were significantly reduced by
the UV-mulch (Table 1). Application of kaolin significantly reduced male and female F. tritici in 2011
and 2012, male and female F. bispinosa in 2011 and 2012, male F. occidentalis in 2011, female F. occidentalis
in 2012 and thrips larvae in 2011. The mulch X kaolin interaction was significant for female F. occidentalis
in 2011 and 2012, male F. occidentalis in 2011, female F. tritici in 2011, male F. tritici in 2011 and 2012 and
thrips larvae in 2011. These interactions reflected the greater difference in magnitude in the reduction
of the thrips where kaolin was applied to tomato on black mulch compared to where it was applied
to tomato on UV-reflective mulch. There were no significant main or interactive effects of mulch and
kaolin on the numbers of O. insidiosus in the tomato flowers.

The date X mulch and the date X kaolin interactions were significant for the numbers of adult
thrips in the tomato flowers (Table 1). For this reason, additional analyses were conducted to examine
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the effects of mulch type and kaolin application on individual dates. The mean number (SEM) for
whole-plot mulch treatments of black and UV-reflective mulch on each sample date of male and female
F. tritici, F. bispinosa and F. occidentalis in 2011 and 2012 are shown in Figure 1. The effect of UV-reflective
mulch in reducing the numbers of adult thrips was significant on some 2011 and 2012 early and
mid-flowering sample dates but not on late-flowering sample dates. The mean number (SEM) for
subplot kaolin and no kaolin treatments on each sample date of male and female F. tritici, F. bispinosa
and F. occidentalis in 2011 and 2012 are shown in Figure 2. The main effect of kaolin application in
reducing the numbers of adult thrips was significant on some sample dates throughout 2011 and 2012.
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treatments of black and UV-reflective mulch for data pooled across kaolin and companion plant
treatments in the experiments conducted in Gadsden County, Florida (* indicates significance beyond
95% level according to analysis of variance conducted for individual sample dates; d. f. = 1, 2).
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sub-plot treatments of no kaolin and kaolin for data pooled across companion plant treatments in
the experiments conducted in Gadsden County, Florida (* indicates significance beyond 95% level
according to analysis of variance conducted for individual sample dates; d. f. = 1, 4).
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3.4. Effects of Companion Plants on Thrips and O. insidiosus in Tomato

The companion plants were an effective tactic in reducing adult thrips in the tomato flowers
(Table 1). There were significant main effects in 2011 and 2012 of the companion plants for data across
sample date on populations of the males of each thrips species and for the females of F. bispinosa.
Because the date X companion plant interaction usually was significant (Table 1), additional analyses
were conducted to examine the effect of companion plant on individual dates. The mean number (SEM)
of sub-subplot companion plant/no companion plant treatments on each sample date in 2011 and
2012 for male and female F. tritici, F. bispinosa and F. occidentalis are shown in Figure 3. The companion
plants reduced the numbers of adult thrips of each species on some individual mid- and late-flowering
sample dates in 2011 and 2012.

The effect of the companion plants usually was additive and/or interactive with the effects of the
UV-reflective mulch and kaolin in reducing adult thrips in the tomato flowers (Table 1). The main effects
of companion plants and mulch were significant for F. tritici males in 2011 and 2012, F. bispinosa males
in 2011 and 2012, F. occidentalis males in 2011 and F. bispinosa females in 2012. The mulch X companion
plant interaction was significant for F. tritici and F. bispinosa males in 2012. These interactions reflected
the greater difference in magnitude in the reduction of thrips due to the companion plants in the
UV-mulch the black mulch plots. The main effects of companion plants and kaolin were significant
for F. occidentalis males in 2011, F. tritici males in 2011 and 2012, F. bispinosa males in 2011 and 2012
and F. bispinosa females in 2011. The companion plants sometimes acted interactively with kaolin
in reducing thrips numbers: the interactive effect of kaolin X companion plant was significant for
male F. tritici in 2011 and 2012, male F. bispinosa in 2011 and female F. tritici in 2012. The significant
mulch X kaolin X companion plant interaction for F. tritici males and females in 2011 indicated that the
combined effects each tactic were not simply additive.

The main effect of companion plant on thrips larvae for data pooled across sample dates was
significant in 2012 (Table 1). The mulch X companion plant interaction in 2012 reflected a greater
number of thrips larvae in UV-reflective mulch treatments with companion plants compared with
black mulch treatments with companion plants.

The effects of companion plants on O. insidiosus were not significant on individual sample dates
in 2011 or 2012 (data not shown). The main effect of companion plant on total (adults + nymphs)
O. insidiosus for data pooled across sample date was not significant in 2011 or 2012 (Table 1). The mulch
X companion plant, kaolin X companion plant and mulch × kaolin × companion plant interactions
were not significant for O. insidiosus in 2011 or 2012. The ratio of the numbers of total thrips per total
O. insidiosus was 192 and 240 in 2011 and 2012, respectively. The numbers of the predator relative to
the number of thrips were insufficient to result in prey suppression.
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Table 1. Mean number per 10 tomato flowers (SEM) of adult male and female F. occidentalis, adult male and female F. tritici, adult male and female F. bispinosa,
Frankliniella species larvae and total O. insidiosus (adults and nymphs) in mulch, kaolin and companion plant treatments for sample data pooled across 13 dates in 2011
(n = 78) and 12 dates (n = 72) in 2012 in push-pull experiments conducted in Gadsden County, Florida.

Treatment
Mean no. per 10 Tomato Flowers (SEM)

F. occidentalis F. tritici F. bispinosa Thrips Larvae O. insidiosus
Males Females Males Females Males Females

2011

Black mulch 2.1 (0.2) 3.1 (0.3) 12.0 (1.6) 16.7 (2.0) 0.6 (0.1) 1.1 (0.2) 6.8 (0.9) 0.10 (0.05)
Black mulch and companion plants 1.5 (0.2) 3.1 (0.4) 10.1 (1.5) 12.2 (1.3) 0.7 (0.1) 0.3 (0.1) 5.7 (0.7) 0.19 (0.06)
Black mulch and kaolin 1.5 (0.2) 3.7 (0.4) 3.0 (0.5) 5.1 (0.7) 0.2 (0.1) 0.5 (0.1) 4.1 (0.6) 0.06 (0.03)
Black mulch and companion plants and kaolin 1.1 (0.2) 3.4 (0.4) 3.7 (0.6) 6.9 (0.9) 0.3 (0.1) 0.3 (0.1) 4.5 (0.7) 0.14 (0.05)
UV mulch 2.0 (0.3) 3.0 (0.3) 3.9 (0.5) 6.5 (0.8) 0.5 (0.1) 0.8 (0.2) 5.3 (0.9) 0.12 (0.04)
UV mulch and companion plants 1.2 (0.2) 3.0 (0.3) 3.7 (0.6) 8.3 (1.0) 0.2 (0.1) 0.7 (0.2) 4.9 (0.8) 0.19 (0.05)
UV mulch and kaolin 1.3 (0.3) 2.5 (0.3) 2.4 (0.5) 4.4 (0.6) 0.2 (0.1) 0.5 (0.1) 3.9 (0.6) 0.13 (0.05)
UV mulch and companion plants and kaolin 0.6 (0.1) 2.2 (0.2) 1.6 (0.3) 4.3 (0.5) 0.1 (0.0) 0.5 (0.1) 3.7 (0.5) 0.09 (0.03)

Analysis of variance F-value

Date (12, 26 df) 20.0 *** 22.8 *** 102.6 *** 70.3 *** 20.1 *** 24.6 *** 81.4 *** 3.4 **
Rep (2, 26 df) 4.6 * 5.0 * 1.3 0.5 0.1 1.3 0.7 1.6
Mulch (1, 26 df) 11.2 ** 7.8 ** 111.9 *** 48.1 *** 8.2 ** 0.5 13.2 ** 0.2
Date X mulch (12, 26 df) 3.7 ** 8.1 *** 7.2 *** 4.6 *** 2.2 * 2.9 ** 2.0 0.5
Kaolin (1, 52 df) 39.3 *** 1.1 278.1 *** 169.0 *** 10.1 ** 24.0 ** 24.9 *** 1.7
Date X kaolin (12, 52 df) 1.7 1.7 6.1 *** 4.6 *** 2.3* 3.9 *** 1.7 0.5
Mulch X kaolin (1, 52 df) 0.8 5.4* 35.0 *** 21.3 *** 0.1 3.7 8.0 ** 0.0
Date X mulch X kaolin (12, 52 df) 0.5 1.7 1.6 1.9* 0.9 1.1 1.3 0.9
Companion plant (1, 104 df) 21.3 *** 2.0 5.8* 2.0 12.1 *** 7.3 ** 0.6 2.2
Date X companion plant (12, 104 df) 3.0 ** 1.8 2.4 ** 0.9 2.5 ** 0.9 0.3 0.4
Mulch X companion plant (1, 104 df) 0.3 0.5 0.0 0.2 0.1 0.7 0.2 0.8
Date X mulch X companion plant (12, 104 df) 0.5 1.4 1.7 0.3 0.9 1.0 2.0* 0.4
Kaolin X companion plant (1, 104 df) 0.5 1.4 7.2 ** 2.8 12.4 *** 0.2 1.4 0.9
Date X kaolin X companion plant (1, 104 df) 0.5 0.9 1.6 1.1 2.6 ** 1.2 0.5 1.0
Mulch X kaolin X companion plant (1, 104 df) 0.1 0.1 9.3 ** 12.8 *** 3.6 0.3 0.6 0.3
Date X mulch X kaolin X companion plant (12, 104 df) 0.4 0.8 1.7 1.3 1.5 1.2 0.7 1.7
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Table 1. Cont.

Treatment
Mean no. per 10 Tomato Flowers (SEM)

F. occidentalis F. tritici F. bispinosa Thrips Larvae O. insidiosus
Males Females Males Females Males Females

2012

Black mulch 0.9 (0.1) 1.6 (0.2) 2.6 (0.4) 6.9 (0.7) 7.6 (0.9) 26.4 (3.3) 8.1 (0.9) 0.14 (0.05)
Black mulch and companion plants 0.6 (0.1) 1.6 (0.2) 1.1 (0.2) 4.4 (0.3) 4.7 (0.6) 20.9 (2.2) 6.1 (0.7) 0.18 (0.05)
Black mulch and kaolin 1.1 (0.2) 2.7 (0.3) 0.7 (0.1) 3.3 (0.4) 3.5 (0.5) 15.7 (2.2) 7.3 (0.9) 0.14 (0.05)
Black mulch and companion plants and kaolin 0.8 (0.1) 2.5 (0.3) 0.4 (0.1) 3.4 (0.3) 2.4 (0.3) 13.2 (1.6) 7.7 (0.8) 0.14 (0.04)
UV mulch 1.2 (0.2) 2.2 (0.3) 1.0 (0.2) 4.1 (0.4) 4.6 (0.7) 22.2 (2.9) 7.4 (1.1) 0.19 (0.06)
UV mulch and companion plants 0.8 (0.1) 2.4 (0.3) 0.6 (0.1) 3.8 (0.3) 3.2 (0.4) 18.2 (2.1) 10.3 (1.3) 0.19 (0.06)
UV mulch and kaolin 0.9 (0.2) 2.4 (0.2) 0.4 (0.1) 2.5 (0.3) 2.2 (0.4) 14.8 (2.1) 6.8 (0.8) 0.13 (0.04)
UV mulch and companion plants and kaolin 0.6 (0.1) 2.1 (0.2) 0.4 (0.1) 2.7 (0.3) 1.7 (0.2) 12.0 (1.5) 7.9 (0.9) 0.15 (0.06)

Analysis of variance F-value

Date (11, 24 df) 3.6 *** 26.3 *** 19.9 *** 25.4 *** 83.7 *** 95.0 *** 24.0 *** 6.2 ***
Rep (2, 24 df) 0.7 0.9 1.9 5.9 ** 0.3 10.0 *** 4.8* 1.8
Mulch (1, 24 df) 0.2 2.2 21.8 *** 24.2 *** 37.5 *** 7.7 ** 0.0 0.0
Date X mulch (11, 24 df) 1.2 2.1 2.1 3.0 ** 5.5 *** 2.4 * 0.9 0.4
Kaolin (1, 48 df) 0.0 19.5 *** 74.6 *** 72.7 *** 91.6 *** 111.1 *** 0.2 1.0
Date X kaolin (11, 48 df) 1.9 0.9 4.7 *** 3.3 ** 3.5* 3.6 ** 1.9 0.7
Mulch X Kaolin (1, 48 df) 8.2 ** 7.7 ** 13.0 *** 2.7 0.3 0.8 0.6 0.1
Date X mulch X kaolin (11, 48 df) 1.0 0.9 2.3 * 1.8 0.8 0.7 0.2 1.1
Companion plant (1, 96 df) 10.3 ** 0.7 26.2 *** 0.0 11.7 *** 4.1* 4.0* 0.3
Date X companion plant (11, 96 df) 2.0 * 1.7 2.7 ** 2.9 ** 4.3 *** 3.7 *** 1.9 * 0.8
Mulch X companion plant (1, 96 df) 0.3 0.0 6.6 ** 3.4 4.1 * 0.0 6.6 ** 0.1
Date X mulch X companion plant (11, 96 df) 0.8 0.9 1.5 0.9 1.0 1.1 1.2 0.5
Kaolin X companion plant (1, 96 df) 0.1 2.5 6.2 ** 6.1 ** 2.1 1.1 0.0 0.1
Date X kaolin X companion plant (11, 96 df) 1.0 0.5 1.7 0.7 1.2 0.9 0.9 0.5
Mulch X kaolin X companion plant (1, 96 df) 0.3 0.7 0.2 2.4 0.0 0.0 6.6 ** 0.1
Date X mulch X kaolin X companion plant (11, 96 df) 0.7 0.7 0.9 0.8 0.7 0.7 1.3 0.5

Analysis of variance F-values are included of the main and interactive effects of mulch (whole plots), kaolin (subplots) and companion plants (sub-subplots). * P < 0.05; ** P < 0.01;
*** P < 0.001.
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4. Discussion

The adults of F. tritici, F. bispinosa and F. occidentalis were abundant in the yellow flowers of tomato
and the white flowers of B. alba. Terry [17] after reviewing the scientific literature concluded that
adult Frankliniella thrips are attracted to low UV white, yellow and blue flowers for initial host finding
and that the dominant wavelength remitted by the surface and the percentage reflectance at peak
wavelengths is critical for finding hosts. Funderburk et al. [32] showed that F. tritici and F. bispinosa
were most attracted to flowers of white Lagerstroemia species (Lithraceae) clones over the clones with
flowers of other colors.

The ratio of larvae to thrips adults was less than one in the tomato flowers for the season.
Baez et al. [10] and Momol et al. [14] previously reported that Frankliniella thrips adults were abundant
in the flowers of spring tomatoes in northern Florida but that populations declined. Tomato is a poor
host because thrips must deal with defensive chemicals that reduce fitness [10]. The number of thrips
larvae in the flowers of B. alba in this study was very low and their low numbers relative to high
numbers of adults were evidence that Frankliniella thrips were not utilizing B. alba for breeding or that
egg and larval survival was low. The flowers of B. alba undoubtedly served other functions, including
being an important resource for food and mating. Mound [33] noted that the highly mobile thrips
adults are attracted to and reach high numbers in the flowers of non-host species.

Numbers of adult thrips in the tomato flowers were reduced in the treatments with the B. alba
companion plants compared to treatments without companion plants. Numerous studies showed
that various host plants of Orius when used as companion plants resulted in reduced thrips in the
crop [9,34–38]. The effect of the companion plants in reducing thrips in the tomato flowers was more
consistent in this study across years and species for the adult males than the adult females. This result
suggested that the males utilized the companion plants over the tomatoes as sites for forming mating
swarms. Matteson and Terry [39] showed that the males of F. occidentalis most prefer low-UV white
substrates over substrates of other colors for mating swarms and that the females left these aggregation
sites soon after mating to exploit other flower resources for feeding and oviposition.

In theory, companion plant species that are good hosts for Orius species can provide the benefit
of biological control due to predation in the companion plant, or it can result from the companion
plant serving as a host for increased populations of Orius that provide biological control in the crop.
The adults and nymphs of O. insidiosus were abundant in the flowers of B. alba and their overall numbers
in the companion crop relative to the numbers of prey were sufficient to predict suppression of thrips
populations each year. Funderburk et al. [6], Reitz et al. [15] and Tyler-Julian et al. [9] reported that
O. insidiosus suppressed field populations of thrips at a ratio of one predator per 180 prey. Funderburk
et al. [32] showed that O. insidiosus aggregated with their thrips prey in a density-dependent manner:
the adults by preferring the Lagerstroemia species clones also preferred by the thrips and the nymphs by
direct tracking or as a function of increased prey and fecundity. White-flowered clones of Lagerstroemia
were best for preference and buildup of O. insidiosus populations. The thrips adults may have preferred
the white flowers of B. alba over the yellow tomato flowers, thereby reducing the number of thrips
adults in the tomato flowers. Overall, our results in this study suggest that the effect of the companion
plants in reducing thrips in the tomatoes were due to the high attractiveness of the white flowers to
the thrips adults where they suffered from predation by Orius.

The adults and nymphs of O. insidiosus were very low in the tomato flowers in this study and
the B. alba companion plants did not result in an increase in the number of Orius in the tomato
crop. Baez et al. [7] and Momol et al. [14] previously reported that tomato was a very poor host for
O. insidiosus. Tomatoes hamper the predator in several ways: searching ability is reduced because
of the presence of plant trichomes, adults and nymphs suffer high mortality after collecting viscous
tomato material on their legs and the plant is unsuitable for nymphal development and female
reproduction [11].

Numbers of adult and larval thrips were reduced by UV-reflective mulch during early and
mid-flowering of tomato. Momol et al. [14] previously reported that UV-mulch was effective in



Insects 2018, 9, 187 12 of 15

reducing the numbers of F. bispinosa, F. tritici and F. occidentalis during early and mid-flowering.
Thrips numbers were not affected during late flower of tomato once the plants grew and the leaves
covered the UV-reflective mulch. Momol et al. [14] showed that the effects of UV-reflective mulch
on the thrips vectors also reduced the incidence of plants infected with Tomato spotted wilt virus.
Disease incidence was reduced by UV mulch, kaolin and companion plants in this study, as we
previously reported in Tyler-Julian et al. [27]. Numbers of O. insidiosus in the tomato flowers were not
affected by UV mulch, kaolin, or companion plants in this study, undoubtedly because the tomatoes
were not a host as previously discussed. Reitz et al. [15] and Tyler-Julian et al. [9] showed that
the UV-reflective mulch disrupted host finding by O. insidiosus in pepper, which is a good host for
the predator.

Spray applications of kaolin were effective in reducing adult and larval thrips in this study.
The effects were evident during early, mid- and late-flowering. Reitz et al. [25] previously reported
the effectiveness of kaolin in reducing Frankliniella thrips in tomato. The effects of mulch and
kaolin were sometimes additive, as evidenced by significant simultaneous main effects. There were
sometime interactive effects between kaolin and UV-reflective mulch in reducing thrips populations.
Tyler-Julian et al. [9] reported that thrips numbers were reduced by kaolin application during early
flowering of pepper but that numbers increased on later sample dates due to negative effects of kaolin
on O. insidiosus numbers. Numbers of O. insidiosus were very low in tomato flowers and no such
effects were observed in this study.

Push-pull strategies seek to maximize efficacy of behavior-manipulating stimuli through
the additive and synergistic effects of integrating their use [26]. Simulation models predicted
that companion plants with the characteristics of strong attraction and arrestment offer the best
opportunities for trapping pests that use visual cues to find host plants [40]. In addition, plants that are
good hosts for key natural enemies provide the additional benefit of biological control. In this study,
the pull effects of companion plants were additive or interactive with the push effects of UV-reflective
mulch and kaolin in reducing male thrips in tomato each year. This push-pull strategy was less
effective in reducing female thrips in tomato. This suggests that the females left the flowers of B. alba
soon after mating and they were less vulnerable than the males to predation from Orius.

Tyler-Julian et al. [9] previously evaluated sunflower (Helianthus annuus L.) as a companion
plant with UV-reflective mulch and kaolin in a push-pull system to reduce F. bispinosa in pepper
(Capsicum annuum L.). There was a rapid buildup of F. bispinosa populations in the flowers of both the
companion plant and the crop, but they were soon suppressed to near extinction due to predation.
Predator populations persisted in pepper and sunflower for the remainder of each season in numbers
sufficient to prevent further buildup of thrips populations. The overall dynamic relationship of time
to prey suppression and near extinction of populations was not much altered by the presence of the
companion plant. In that system in which the crop and the companion plant species were excellent
hosts for the thrips and the predator, the companion plant did not act additively or interactively with
kaolin or UV-reflective mulch in reducing F. bispinosa and increasing Orius species in the crop.

Species of Bidens grow as an annual any time of the year throughout Florida and the species grow
readily in disturbed habitats of agricultural landscapes. We found that B. alba is easily established as a
companion plant prior to the critical flowering periods of vulnerability to F. occidentalis and a single
planting is readily maintained beyond flowering of fruiting vegetables. Its ability to re-establish
as a ‘weedy’ companion for future crops with minimal effort by the producer is very possible.
The species begins flowering within weeks and new shoots provide for a continuous supply of
flowers. Needham [41] conducted a study of the arthropod species that form a community of
herbivores and natural enemies in the flowers of B. pilosa, including the thrips and O. insidiosus
that he noted were ubiquitous and occurred throughout the year in Florida. He produced a systematic
list of herbivore species, mostly Diptera, Lepidoptera and Hemiptera and of natural enemy species,
mostly Hymenoptera. We found little information in the scientific literature on the population
dynamics of arthropods in species of Bidens.



Insects 2018, 9, 187 13 of 15

Because species of Bidens are inhabited by a community of herbivores and natural enemies, it is
possible that there are important intraguild and other complex food web interactions between thrips,
O. insidiosus and other arthropods. Our studies confirmed Needham’s [41] observations that thrips are
overwhelmingly abundant in the flowers of Bidens. The studies of Funderburk et al. [6], Ramachandran
et al. [42], Reitz et al. [15] and Hansen et al. [29] revealed predator-prey dynamics of O. insidiosus and
flower thrips and they revealed the adaptive ability of O. insidiosus to exploit thrips prey and cause
near extinction of Frankliniella species populations. The sheer numbers of thrips and O. insidiosus
relative to the other insects in the flowers of B. alba in this study suggested that there were no food
web or intraguild interactions that interfered with the predator-prey relationships between thrips and
O. insidiosus.

5. Conclusions

Tomato was a very poor host for F. occidentalis, F. tritici, and F. bispinosa and populations
declined due to poor reproduction. Even so, tomato was vulnerable to damage from F. occidentalis
(and orthotospoviruses, as previously reported [27]). Predation from O. insidiosus was less important in
tomato than in the B. alba companion plant. The companion plants of B. alba were a pull in this study,
attracting the thrips and partially arresting the thrips males away from the tomato crop. The companion
plants were a host for O. insidiosus and the thrips pulled into the companion plant were exposed to
predation from this key natural enemy. We tested separately and combined UV-reflective mulch and
applications of kaolin as push factors with and without companion plantings of B. alba as the pull
factor. The UV-reflective mulch was effective in reducing thrips numbers (and the incidence of tomato
spotted wilt disease as previously reported [27]) from early to midseason. The kaolin applications
were effective in reducing populations any time after applications were made. The companion
plants of B. alba combined with UV-reflective mulch and kaolin applications proved effective as a
push-pull system in tomato for suppressing F. occidentalis, a serious worldwide pest and key vector
of Tomato spotted wilt virus. This study serves as a proof of concept of the push-pull system under
investigation and additional research is needed to determine its applicability in different agricultural
production systems.

Author Contributions: K.T.-J., J.F., M.S., S.O. and S.A. conceived, designed and conducted the experiments;
K.T.-J. and J.F. analyzed the data and wrote the paper.

Funding: The research was supported by a Specialty Crop Block Grant from the Florida Department of Agriculture
and Consumer Services Number 01856. Additional support came from cooperative agreements between the
USDA-ARS and the University of Florida Numbers 58-6618-2-096 and 58-6618-4-035.

Acknowledgments: We thank Paul Julian for assistance with the figures and Iris Strzyzewski for assistance with
the table.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Salguero-Navas, V.E.; Funderburk, J.E.; Olson, S.M.; Beshear, R.J. Damage to tomato fruit caused by the
western flower thrips (Thysanoptera: Thripidae). J. Entomol. Sci. 1991, 26, 436–442. [CrossRef]

2. Ghidiu, G.M.; Hitchner, E.M.; Funderburk, J.E. Goldfleck damage to tomato fruit caused by feeding of
Frankliniella occidentalis (Thysanoptera: Thripidae). Fla. Entomol. 2006, 89, 279–282. [CrossRef]

3. Webster, C.G.; Frantz, G.; Reitz, S.R.; Funderburk, J.E.; Mellinger, H.C.; McAvoy, E.; Turechek, W.W.;
Marshall, S.H.; Tantiwanich, Y.; McGrath, M.T.; et al. Emergence of Groundnut ringspot virus and Tomato
chlorotic spot virus in vegetables in Florida and the southeastern United States. Phytopathology 2015, 105,
388–398. [CrossRef] [PubMed]

4. Demirozer, O.; Tyler-Julian, K.; Funderburk, J.; Leppla, N.; Reitz, S. Frankliniella occidentalis (Pergande)
integrated pest management programs for fruiting vegetables in Florida. Pest Manag. Sci. 2012, 68, 1537–1545.
[CrossRef] [PubMed]

http://dx.doi.org/10.18474/0749-8004-26.4.436
http://dx.doi.org/10.1653/0015-4040(2006)89[279:GDTTFC]2.0.CO;2
http://dx.doi.org/10.1094/PHYTO-06-14-0172-R
http://www.ncbi.nlm.nih.gov/pubmed/25317844
http://dx.doi.org/10.1002/ps.3389
http://www.ncbi.nlm.nih.gov/pubmed/23109226


Insects 2018, 9, 187 14 of 15

5. Paini, D.; Funderburk, J.E.; Reitz, S.R. Competitive exclusion of a worldwide invasive pest by a native:
Quantifying competition between two phytophagous insects on two host plant species. J. Anim. Ecol. 2008,
77, 184–190. [CrossRef]

6. Funderburk, J.; Stavisky, J.; Olson, S. Predation of Franklinella occidentalis (Thysanoptera: Thripidae) in field
peppers by Orius insidiosus (Hemiptera: Anthocoridae). Environ. Entomol. 2000, 29, 376–382. [CrossRef]

7. Baez, I.; Reitz, S.R.; Funderburk, J.E. Predation by Orius insidiosus (Hemiptera: Anthocoridae) on life stages
and species of Frankliniella flower thrips (Thysanoptera: Thripidae) in pepper flowers. Environ. Entomol.
2004, 33, 662–670. [CrossRef]

8. Reitz, S.R.; Funderburk, J.; Waring, S. Differential predation by the generalist predator Orius insidiosus on
congeneric species of thrips that vary in size and behavior. Entomol. Exp. Appl. 2006, 119, 179–188. [CrossRef]

9. Tyler-Julian, K.; Funderburk, J.; Frantz, G.; Mellinger, C. Evaluation of a push-pull strategy for the
management of Frankliniella bispinosa (Thysanoptera: Thripidae) in bell pepper. Environ. Entomol. 2014, 43,
1364–1378. [CrossRef]

10. Baez, I.; Reitz, S.R.; Funderburk, J.E.; Olson, S.M. Variation within and between Frankliniella thrips species in
host plant utilization. J. Insect Sci. 2012, 11, 41. Available online: https://academic.oup.com/jinsectscience/
article/11/1/41/2492490 (accessed on 25 September 2018).

11. Coll, C.; Ridgway, R.L. Functional and numerical response of Orius insidiosus (Heteroptera: Anthocoridae) to
its prey in different vegetable crops. Ann. Entomol. Soc. Am. 1995, 88, 732–738. [CrossRef]

12. Funderburk, J. Management of the western flower thrips (Thysanoptera: Thripidae) in fruiting vegetables.
Florida Entomol. 2009, 92, 1–6. [CrossRef]

13. Reitz, S.R.; Funderburk, J. Management Strategies for Western Flower Thrips and the Role of
Insecticides, Insecticides—Pest Engineering; Perveen, F., Ed.; InTech: Rijeka, Croatia, 2012. Available
online: http://www.intechopen.com/books/insecticides-pest-engineering/management-strategies-for-
western-flower-thrips-and-the-role-of-insecticides (accessed on 26 September 2018).

14. Momol, M.T.; Olson, S.M.; Funderburk, J.E.; Stavisky, J.; Marois, J.J. Integrated management of tomato
spotted wilt on field-grown tomatoes. Plant Dis. 2004, 88, 882–890. [CrossRef]

15. Reitz, S.R.; Yearby, E.L.; Funderburk, J.E.; Stavisky, J.; Momol, M.T.; Olson, S.M. Integrated management
tactics for Frankliniella thrips (Thysanoptera: Thripidae) in field-grown pepper. J. Econ. Entomol. 2003, 96,
1201–1214. [CrossRef]

16. Gao, Y.; Lei, Z.; Reitz, S.R. Western flower thrips resistance: Detection, mechanisms, and management
strategies. Pest Manag. Sci. 2012, 68, 1111–1121. [CrossRef]

17. Terry, L.I. Host selection, communication, and reproductive behavior. In Thrips as Crop Pests; Lewis, T., Ed.;
CAB International: Wallingford, UK, 1997; pp. 65–118. ISBN 0-85199-178-5.

18. Cantore, V.; Pace, B.; Albrizio, R. Kaolin-based particle film technology affects tomato physiology, yield and
quality. Environ. Exp. Bot. 2009, 66, 279–288. [CrossRef]

19. Bar-Joseph, M.; Frenkel, H. Spraying citrus plants with kaolin suspensions reduces the spirea aphid
(Aphis citricola van der Goot). Crop Prot. 1983, 2, 371–374. [CrossRef]

20. Lapointe, S.L. Particle film deters oviposition by Diaprepes abbreviatus (Coleoptera: Curculionidae).
J. Econ. Entomol. 2000, 93, 1459–1463. [CrossRef]

21. Barker, J.E.; Fulton, A.; Evans, K.A.; Powell, G. The effects of kaolin particle film Plutella xylostella behaviour
and development. Pest Manag. Sci. 2006, 62, 498–504. [CrossRef]

22. Larentzaki, E.; Shelton, A.M.; Plate, J. Effect of kaolin particle film on Thrips tabaci (Thysanoptera: Thripidae)
oviposition, feeding, and development on onions: A lab and field case study. Crop Prot. 2008, 25, 727–734.
[CrossRef]

23. Peng, L.; Trumble, J.T.; Munyaneza, J.E.; Liu, T.-X. Repellancy of a kaolin particle film to potato psyllid,
Bactericera cockerelli (Hemiptera: Psyllidae), on tomato under laboratory and field conditions. Pest Manag. Sci.
2011, 67, 815–824. [CrossRef] [PubMed]

24. Spiers, J.D.; Matta, F.B.; Marshall, D.A.; Sampson, B.J. Effects of kaolin clay application on flower bud
development, fruit quality, and yield, and flower thrips [Frankliniella spp. (Thysanoptera: Thripidae)]
populations on blueberry plants. Small Fruits Rev. 2004, 3, 361–373. [CrossRef]

25. Reitz, S.R.; Maiorino, G.; Olson, S.; Sprenkel, R.; Crescenzi, A.; Momol, M.T. Integrating plant essential oils
and kaolin for the sustainable management of thrips and tomato spotted wilt on tomato. Plant Dis. 2008, 92,
878–886. [CrossRef]

http://dx.doi.org/10.1111/j.1365-2656.2007.01324.x
http://dx.doi.org/10.1093/ee/29.2.376
http://dx.doi.org/10.1603/0046-225X-33.3.662
http://dx.doi.org/10.1111/j.1570-7458.2006.00408.x
http://dx.doi.org/10.1603/EN14048
https://academic.oup.com/jinsectscience/article/11/1/41/2492490
https://academic.oup.com/jinsectscience/article/11/1/41/2492490
http://dx.doi.org/10.1093/aesa/88.6.732
http://dx.doi.org/10.1653/024.092.0101
http://www.intechopen.com/books/insecticides-pest-engineering/management-strategies-for-western-flower-thrips-and-the-role-of-insecticides
http://www.intechopen.com/books/insecticides-pest-engineering/management-strategies-for-western-flower-thrips-and-the-role-of-insecticides
http://dx.doi.org/10.1094/PDIS.2004.88.8.882
http://dx.doi.org/10.1093/jee/96.4.1201
http://dx.doi.org/10.1002/ps.3305
http://dx.doi.org/10.1016/j.envexpbot.2009.03.008
http://dx.doi.org/10.1016/0261-2194(83)90011-X
http://dx.doi.org/10.1603/0022-0493-93.5.1459
http://dx.doi.org/10.1002/ps.1191
http://dx.doi.org/10.1016/j.cropro.2007.10.005
http://dx.doi.org/10.1002/ps.2118
http://www.ncbi.nlm.nih.gov/pubmed/21337676
http://dx.doi.org/10.1300/J301v03n03_13
http://dx.doi.org/10.1094/PDIS-92-6-0878


Insects 2018, 9, 187 15 of 15

26. Cook, S.M.; Khan, Z.R.; Picket, J.A. The use of push-pull strategies in integrated pest management.
Annu. Rev. Entomol. 2007, 52, 375–400. [CrossRef] [PubMed]

27. Tyler-Julian, K.A.; Funderburk, J.E.; Olson, S.M.; Paret, M.L.; Webster, C.G.; Adkins, S. A stimulo-deterrent
method of thrips and Tomato spotted wilt virus management in tomatoes. Acta Hortic. 2015, 1069, 251–258.
[CrossRef]

28. OMRI (Organic Materials Review Institute). Surround WP Crop Protectant; OMRI: Eugene, OR, USA, 2018;
Available online: http://www.omri.org (accessed on 25 September 2018).

29. Hansen, E.A.; Funderburk, J.E.; Reitz, S.R.; Ramachandran, S.; Eger, J.E.; McAuslane, H. Within-plant
distribution of Frankliniella species (Thysanoptera: Thripidae) and Orius insidiosus (Heteroptera:
Anthocoridae) in field pepper. Environ. Entomol. 2003, 32, 1035–1044. [CrossRef]

30. Northfield, T.D.; Paini, D.R.; Funderburk, J.E.; Reitz, S.R. Annual cycles of Frankliniella spp. (Thysanoptera:
Thripidae) thrips abundance on north Florida uncultivated reproductive hosts: Predicting possible sources
of pest outbreaks. Ann. Entomol. Soc. Am. 2008, 101, 769–778. [CrossRef]

31. SAS Institute Inc. SAS/STAT 9.2 User’s Guide; SAS Institute Inc.: Cary, NC, USA, 2008.
32. Funderburk, C.; Funderburk, J.; Tyler-Julian, K.; Srivastava, M.; Knox, G.; Andersen, P.; Adkins, S. Population

dynamics of Frankliniella bispinosa (Thysanoptera: Thripidae) and the predator Orius insidiosus (Hemiptera:
Anthocoridae) as influenced by flower color of Lagerstroemia (Lythraceae). Environ. Entomol. 2015, 44,
668–679. [CrossRef] [PubMed]

33. Mound, L.A. Homologies and host-plant specificity: Recurrent problems in the study of thrips. Fla. Entomol.
2013, 96, 318–322. [CrossRef]

34. Bottenberg, H.; Frantz, G.; Mellinger, H.C. Refuge and cover crop plantings for beneficial insect habitats.
Proc. Fla. State Hort. Soc. 1999, 112, 339–341.

35. Kasina, J.; Nderitu, J.; Nyamasyo, G.; Olubayo, E.; Waturu, C.; Obudho, E.; Yobera, D. Evaluation of
companion plant for thrips (Thysanoptera: Thripidae) management on French green bean Phaseolus vulgaris
(Fabaceae). Int. J. Trop. Insect Sci. 2006, 26, 121–125. [CrossRef]

36. Lopez, R.; Shepard, B.M. Feverfew as a companion crop reduces spider mites, whiteflies, and thrips in other
medicinal plants. Acta Hortic. 2007, 756, 33–38. [CrossRef]

37. Frantz, G.; Mellinger, H.C. Shifts in western flower thrips, Frankliniella occidentalis (Thysanoptera: Thripidae),
population abundance and crop damage. Fla. Entomol. 2009, 92, 29–34. [CrossRef]

38. Nyasani, J.O.; Meyhofer, R.; Subramanian, S.; Poehling, H.M. Effect of intercrops on thrips species
composition and population abundance on French beans in Kenya. Entomol. Exp. Appl. 2012, 142, 236–246.
[CrossRef]

39. Matteson, N.; Terry, L.I. Response to color by male and female Frankliniella occidentalis during swarming and
non-swarming behavior. Entomol. Exp. Appl. 1992, 63, 187–201. [CrossRef]

40. Potting, R.P.J.; Perry, J.N.; Powell, W. Insect behavioral ecology and other factors affecting the ecology control
efficacy of agro-ecosystem diversification strategies. Ecol. Model. 2005, 182, 199–216. [CrossRef]

41. Needham, J.G. Ecological notes on the insect population in the flower heads of Bidens pilosa. Ecol. Monogr.
1948, 18, 431–446. [CrossRef]

42. Ramachandran, S.; Funderburk, J.; Stavisky, J.; Olson, S. Population abundance and movement of Frankliniella
species and Orius insidiosus in field pepper. Agric. For. Entomol. 2001, 3, 129–137. [CrossRef]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1146/annurev.ento.52.110405.091407
http://www.ncbi.nlm.nih.gov/pubmed/16968206
http://dx.doi.org/10.17660/ActaHortic.2015.1069.35
http://www.omri.org
http://dx.doi.org/10.1603/0046-225X-32.5.1035
http://dx.doi.org/10.1093/aesa/101.4.769
http://dx.doi.org/10.1093/ee/nvv057
http://www.ncbi.nlm.nih.gov/pubmed/26313973
http://dx.doi.org/10.1653/024.096.0250
http://dx.doi.org/10.1079/IJT2006105
http://dx.doi.org/10.17660/ActaHortic.2007.756.3
http://dx.doi.org/10.1653/024.092.0106
http://dx.doi.org/10.1111/j.1570-7458.2011.01217.x
http://dx.doi.org/10.1111/j.1570-7458.1992.tb01573.x
http://dx.doi.org/10.1016/j.ecolmodel.2004.07.017
http://dx.doi.org/10.2307/1948579
http://dx.doi.org/10.1046/j.1461-9563.2001.00097.x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Plot Establishment and Maintenance 
	Insect Sampling 
	Statistical Analyses 

	Results 
	Abundance of Thrips and O. insidiosus in B. alba 
	Effects of Mulch and Kaolin on Thrips and O. insidiosus in B. alba 
	Effects of Mulch and Kaolin on Thrips and O. insidiosus in Tomato 
	Effects of Companion Plants on Thrips and O. insidiosus in Tomato 

	Discussion 
	Conclusions 
	References

