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ABSTRACT

mites of the family Phytoseiidae (acari) have been widely used to control 
ve getable pests in greenhouses, but less is known of their effectiveness in open 
field crops. Sweet potato whitefly Bemisia tabaci (gennadius), broad mite Poly
phagotarsonemus latus (Banks), spider mites Tetranychus evansi (Baker & Prit-
chard) and T. urticae (Koch), and melon thrips Thrips palmi (Karny) are seri ous 
pests that cause economic damage to many vegetables crops. Predatory mites 
Am blyseius swirskii athias-Henriot and Neoseiulus californicus mcgregor (Phy- 
toseiidae) are used routinely to control these pests in greenhouse specialty crops 
and have shown potential in trials with open field eggplant and pepper in Flo
rida. Here we report results from field experiments aimed at four specific ob
jec tives: (1) assess effectiveness on different host plants, (2) assess release time 
and the value of providing supplemental food for predaceous mites in the field, 
(3) compare results with mixtures of two predaceous mite species compared to 
ro ta tions or single species releases, and (4) compare control obtained with pre-
da ceous mites to that of standard pesticides. All experiments were conducted 
on eggplant (Solanum melongena l.) with some also including zucchini squash 
(Cu curbita pepo l.), cantaloupe (Cucumis melo l.) or pepper (Capsicum an
nuum l.).

notable reductions of target pests were observed with most treatments re-
ceiving releases of predacious mites soon after transplanting. Predacious mites 
persisted longer and control was more notable on eggplant, probably due to 
higher pest populations than on other crops tested. although no effect on pest 
control was seen from pollen of Typha latifolia l. and dried fruit mite (Car
po glyphus lactis (l.)) applied as supplementary food just after planting, evi-
dence for competitive interactions among mite species suggests its potential 
im portance. such competition was observed when both mites were released in 
a mixture although spider mite control appeared to improve when the two pre
dators were released in succession. In contrast, broad mite and whitefly were 
best controlled by releases of A. swirskii alone. In general, biological control was 
more effective than chemical control for broad mites, comparable for spider mites 
but less effective for whiteflies. These results confirm earlier studies attesting to 
the effectiveness of these mites to control several key pests of fruiting vegetable 
crops while also indicating that more work is needed on the practical aspects of 
this strategy for open field crops.
KeyWorDs: agricultural pests, biocontrol, Bemisia, Polyphagotarsonemus, 
Tetranychus, Thrips, Phytoseiidae.
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RESUMEN
los ácaros de la familia Phytoseiidae (acari) son ampliamente utilizados 

pa ra controlar plagas vegetales en invernaderos, pero su efectividad es menos 
co nocida en cultivos de campo abierto. mosca blanca de la batata Bemisia ta
baci (gennadius), ácaro blanco Polyphagotarsonemus latus (Banks), arañuelas 
Tet ra nychus evansi (Baker & Pritchard) y T. urticae (Koch), y trips del melón 
Thrips palmi (Karny) son plagas graves que causan daño económico a muchos 
cul tivos de hortalizas. los ácaros depredadores Amblyseius swirskii athias-Hen-
riot y Neoseiulus californicus mcgregor (Phytoseiidae) se usan rutinaria mente 
para controlar estas plagas en cultivos especializados de invernadero, y han de-
muestrado su potencial en ensayos con berenjena y pimiento en campo abier to 
en Florida. Aquí informamos resultados de experimentos de campo dirigi dos 
a cuatro objetivos específicos: (1) evaluar la efectividad en diferentes plantas 
hos pedadoras, (2) evaluar el tiempo de liberación y el valor de proporcionar 
ali mentos suplementarios para ácaros depredadores en el campo, (3) comparar 
re sultados con mezclas de dos especies de ácaros depredadores en comparación 
con rotaciones o liberaciones de especies únicas, y (4) para comparar el control 
ob tenido con los ácaros depredadores con el de los plaguicidas estándar. todos 
los experimentos se realizaron en berenjena (Solanum melongena l.), algunos 
tam bién incluyeron calabaza calabacín (Cucurbita pepo l.), melón cantalupo 
(Cucumis melo l.) o pimienta (Capsicum annuum l.).

se observaron reducciones notables de las plagas objetivo en la mayoría de 
los casos después de las liberaciones de ácaros depredadores poco después del 
trasplante. los ácaros depredadores persistieron durante más tiempo, y el control 
fue más notable en la berenjena, probablemente debido a las poblaciones de pla-
gas más altas que en otros cultivos. la evidencia de interacciones competitivas 
entre especies de ácaros sugiere su importancia potencial. tal competencia se 
observó cuando ambos ácaros se liberaron en una mezcla, aunque el control de 
ácaros parecía mejorar cuando los dos depredadores fueron liberados en suce-
sión. Por el contrario, el ácaro blanco y la mosca blanca se controlaron mejor 
con liberaciones de A. swirskii en solitario. en general, el control biológico fue 
más efectivo que el control químico para los ácaros anchos, comparable para 
los ácaros araña pero menos efectivo para las moscas blancas. estos resultados 
con firman la efectividad de estos ácaros como agentes de control biológico para 
va rias plagas clave de cultivos de hortalizas.
PalaBras ClaVe: Ácaros depredadores, control biológico, plagas agrícolas, 
Bemisia, Polyphagotarsonemus, Tetranychus, Thrips, Phytoseiidae.

INTRODUCTION

fresh market vegetable production is an important industry in florida, with ap-
proximately 75,600 ha harvested in 2012 yielding 2.1 million tons of fresh pro
duce with an estimated monetary value of 1.15 billion us dollars (fDaCs 2013). 
Cucurbit and solanaceous crops predominate, accounting for 71 % of total florida 
production, with most cultivated in the open field.

The whitefly Bemisia tabaci (gennadius) (Hemiptera: aleyrodidae), broad mite 
Polyphagotarsonemus latus (Banks) (acari: tarsonemidae), the spider mites Tet
ranychus evansi (Baker & Pritchard) and T. urticae (Koch) (acari: tet ra ny chi dae), 
and melon thrips Thrips palmi Karny (thysanoptera: thripidae) are serious pests 
of fruiting vegetables. the invasion of florida by the B. tabaci bio type B also 
known as middle east asia minor 1 (meam1, Dinsdale et al. 2010) in the late 
1980s raised the status of ‘silverleaf’ whitefly to key pest due to broad host range, 
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high populations, damage potential, and especially virus transmission (Polston et 
al. 1993). Broad mites can cause serious damage in peppers and eggplants inclu-
ding leaf distortion, flower abortion and fruit russeting (Webb et al. 2010). Broad 
mites are phoretic on whiteflies, so the two pests often occur together (Parker & 
gerson 1994). spider mites feed on epidermal cell contents and high infestations 
reduce net photosynthetic rate and ultimately yield and quality (meck et al. 2013). 
melon trips attack many vegetable crops, damaging foliage, especially terminal 
growth, which may become discolored, stunted and deformed. fruits may also be 
scared, deformed or abort (Kawai 1986).

Vegetable pest management in florida largely relies on insecticides and aca ri-
cides. Early soil applications of systemic neonicotinoids are used to reduce whitefly 
infestation levels and viruses spread, and a variety of pesticides are sprayed to 
provide additional control of these as well as broad mites and spider mites (Webb 
et al. 2010). However, intensive use of pesticides poses health and environmental 
risks as well as selecting for resistance in target and non-target pest populations.

Predatory mites of the family Phytoseidae such as Neoseiulus cucumeris (ou de-
mans), Amblyseius swirskii athias-Henriot and Neoseiulus californicus (mcgre-
gor) are commonly used to control these pests in greenhouse crops (gerson & 
Weintraub 2007). Neoseiulus cucumeris has been shown to provide effective con-
t rol of broad mite on greenhouse grown pepper (Wein traub et al. 2003; gerson & 
Weintraub 2007); A. swirskii will feed and develop on whiteflies (Nomikou et al. 
2001) and controls B. tabaci on protected pepper and cucumber crops (Calvo et 
al. 2006, 2011) and broad mite on pepper (van maanen et al. 2010). Neoseiulus 
californicus controls spider mites on pepper (Weintraub & Palevsky 2008) and 
has also been shown to be effective against broad mites (Peña & osborne 1996; 
Jovicich et al. 2009). 

although relatively numerous studies have been conducted in greenhouses, little 
research has been reported for open field crops. However, some promising results 
have been produced. For example, Stansly and Castillo (2009, 2010) reported su
perior control of both broad mite and B. tabaci with a single release of A. swirskii 
three weeks after transplanting compared to two applications of spiromesifen in 
open field pepper and eggplant. Also, Kakkar et al. (2016) demonstrated signifi
cant suppression of T. palmi but not the flower inhabiting Frankliniella schultzei 
trybom following releases of A. swirskii on open field cucumber in south Florida. 
However, control of spider mites, which seek protection from predators under 
webbing (messelink et al. 2010) was less than satisfactory with A. swirskii alone.

Combinations of predatory mite species may be necessary for effective control 
of these pests (messelink et al. 2010). stansly and Castillo (2010) found that N. 
californicus persisted for about a month and A. swirskii for about 1.5 months 
when released as a mixture within a week of transplanting in open field eggplant. 
Whitefly control was limited to two weeks following release, whereas spider mites 
and broad mites were almost eliminated through eight weeks. 
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However, two natural enemies sharing the same ecological niche may interact 
in different and often unpredictable ways (müller & Brodeur 2002; Çakmak et al. 
2006). the ability of natural enemies to persist and disperse in the crop often de-
pends on availability of alternate food sources (nomikou et al. 2010). most plants 
provide pollen with which both species can survive (goleva & Zebitz 2013), and 
some plant species such as pepper also provide floral and extrafloral nectar (Shipp 
& ramakers 2004). Both pollen or saprophagous mites such as Tyrophagus put
rescentiae (schrank) have been used as alternative diets for Phytoseiidae (no mi-
kou et al. 2010).

We investigated use of the predatory mites, A. swirskii and N. californicus, 
either alone or in combination for management of broad mites, spider mites and 
white flies in eggplant, pepper, melon and squash. Host plant effects, influence of 
al ternative food sources on persistence and efficiency for control of these pests, 
com parisons of mixtures versus rotations of mites, and mites in combination with 
the entomopathogenic fungus Metarhizium anisopliae (metsch.) and control com-
pared to standard pesticides were evaluated. the overall objective was to advance 
implementation of more efficient biological control programs in these and other 
open field crops.

MATERIALS AND METHODS

all trials were conducted at the Ifas/sWfreC research facility near Immoka-
lee, florida, on single row raised beds 81 cm (32 in) wide, 128 m (420 ft) long 
and 20 cm (8 in) high. granular 10-2-10 nPK fertilizer was incorporated before 
planting at a rate of 121 kg n/ha (100 lbs per acre). Beds were then fumigated with 
121 kg/ha 50:50 methyl bromide + chloropicrin, two drip tapes with 20.3 cm (8 in) 
emitter spacing were laid down and beds were covered with whiteface (fall) or black 
(spring) polyethylene film mulch. A. swirskii and N. californicus were provided by 
Koppert Biological Systems, Howell, MI. Broad mite, whitefly, spider mite and 
phytoseiid populations were monitored weekly. generally, eight leaves per plot 
were sampled, one from the upper and lower parts of four plants, and exa mined 
under a dissecting microscope (10×) for broad mite and spider mite eggs, larvae, 
nymphs and adults, whitefly eggs and nymphs. Predatory mites were counted live 
and distinguished by body form (flatter for N. californicus) and opisthosomal setal 
length (Z4 and Z5 longer on A. swirskii, even for nymphs (Denmark & evans 
2011)). sampled mites were slide-mounted for detailed assessment under a light 
mic roscope (100×) based on the method of Denmark and evans (2011).
Experiment 1: Eggplant and zucchini squash, fall 2010

This experiment had four objectives: (1) to evaluate efficacy of A. swirskii and N. 
californicus released simultaneously immediately prior to or shortly after planting, 
(2) assess dispersal of predator mites from plots, (3) compare control using these 
mites with an application of 23.1 % spiromesifen (oberon® 2 sC, Bayer Crop 
science, research triangle Park, nC), and (4) assess the effect of host plant on 
biological control using A. swirskii and N. californicus. 
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a split-plot randomized complete block design with four replications was used 
with crop as the whole plot factor. Plants were distributed in four parallel single 
row beds on 1.8 m (6 ft) between bed centers. Half of each row was planted with 
seedling ‘Black Beauty’ zucchini squash, Cucurbita pepo (l.), and half with seed-
ling ‘night shadow’ eggplant, Solanum melongena l. var. esculentum. Plots were 
assigned to five subplot treatments: (1) release of A. swirskii and N. ca li fornicus in 
the planting tray immediately before planting (21 sept.), (2) release of A. swirskii 
and N. californicus in the field shortly after planting (22 Sept.), (3) ‘dispersal’ plots 
contiguous with release plots, (4) a foliar application of oberon 2 sC at 0.62 l/ha, 
and (5) untreated controls isolated by oberon-treated plants. each plot contained 
20 plants set 60 cm apart (total plot length, 12.8 m). Both species of predacious 
mite were released simultaneously at approximately 30 mites per plant based 
on substrate volume. oberon 2 sC was applied 27 oct. using a high-clearance 
sprayer operating at 13.8 bar (200 psi) and 3.7 k/h. spray was delivered through 
two vertical booms each fitted with four Albuz® yellow (Coors Tek, Rosevile, 
mn) hollow-cone nozzles, each nozzle applied 94 l/ha (10 gpa) each for a total of 
751 L/ha (80 gpa). The fungicides Quadris Opti® (azoxystrobin + chlorothanonil, 
syngenta Crop Protection, greensboro, nC) was applied 15 and 29 nov. and ta-
nos® (famoxadone + cymoxanil, DuPont de Nemours, Wilmington, DE) on 22 
nov. to squash for disease control.
Experiment 2: Eggplant and cantaloupe, spring 2011

The objective of this experiment was to assess the effect of provisioning A. 
swirs kii and N. californicus with pollen and/or dried fruit mite, Carpoglyphus lac
tis (L.) (Acari: Carpoglyphidae), as alternative foods when released among field 
pest populations. treatment effects were assessed on two host plant species: egg-
plant (‘night shadow’) and ‘athena’ cantaloupe, Cucumis melo (l.) var. can ta lu
pensis. Half of each row was planted to cantaloupe and half to eggplant on 21 mar. 
Biological and chemical control was also compared on eggplant. 

each plot again contained 20 plants planted 60 cm apart (total plot length, 12.8 m). 
treatments in eggplant arranged in a randomized complete block design (n=4) 
were as follows: (1) mix of A. swirskii, N. californicus and C. lactis, (2) mix of A. 
swirskii and N. californicus, (3) and (4) a soil application of Platinum® sg (75 % 
thiamethoxam) followed by foliar applications of AgriFlex® (3 % abamectin + 
13.9 % thiamethoxam) or AgriMek® SC (8 % abamectin) respectively (all Syn
gen ta Crop Protection, greensboro, nC), and (5) an untreated control. treat ments 
in cantaloupe included: (1) A. swirskii alone, (2) C. lactis alone, (3) mix of A. 
swirskii and C. lactis, (4) mix of A. swirskii and pollen, and (5) untreated con-
trol. We did not release N. californicus in cantaloupe because this plant is a sub-
optimal host for spider mite. Pollen was collected from cattail, Typha latifolia 
l. and kept frozen until use; C. lactis originally obtained from lance osborne 
(uf-Ifas-mfreC-apopka) was reared on Honey nut Cheerios® (general mills, 
minneapolis, mn). thirty mites of each predacious species, 0.5 ml of pollen, and 
5 ml of C. lactis in wheat bran substrate were applied per plant in appropriate plots 
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in the transplant tray at planting (21 Mar.) and in the field a week after planting. 
Platinum sg was applied to the soil on 8 apr at 140 g/ha (2 oz/ac) in 120 ml water 
per plant. AgriFlex at 0.62 L/ha (8.5 fl oz/ac) and AgriMek SC at 0.18 L/ha (2.5 fl 
oz/ac) were sprayed on plants in pesticide plots on 15 apr., 12 may and 6 June. We 
conducted a second release as described above of both predacious mite species on 
eggplant and A. swirskii in cantaloupe on 26 Apr. because of persistent whitefly 
and spider mite populations. Pests and mites were monitored weekly beginning 5 
Apr. as above except that four leaves were sampled from two plants per plot.

Experiment 3: Eggplant, fall 2011
Our objective was to evaluate efficacy of A. swirskii and N. californicus alone, 

in rotation and in mixtures. Eggplant (‘Zebra’) seedlings were transplanted 13 
sep. 60 cm apart in four rows as described above. each row was considered a 
re plicate and divided into six plots containing 18 plants 60 cm apart separated 
by a buffer plot with the same number of plants. treatments were arranged in a 
ran domized complete block design and included: (1) 30 A. swirskii per plant, (2) 
30 N. californicus per plant, (3) a mixture of 30 A. swirskii and 30 N. californicus 
per plant, (4) 30 A. swirskii released first followed by 30 N. californicus one week 
later, (5) 30 N. californicus released first followed by 30 A. swirskii one week later, 
and (6) an untreated control without mite releases. mites were released 1 oct. (A. 
swirskii and N. californicus released alone and in mixtures of the two species) and 
8 oct. (second species of sequential releases). Buffer were sprayed with movento® 
(22.4 % spirotetramat, Bayer Cropscience, research triangle Park, nC) at 0.37 l/
ha (5.0 fl oz/ac) in 563 L/ha (60 gal) water on 3 and 10 Oct. Insects and mites were 
monitored weekly beginning 26 Sep. by sampling six leaves (three top and three 
basal) from six randomly selected plants per plot. 

Experiment 4: Eggplant and jalapeño pepper, fall 2012
In this experiment, we evaluated control of broad mite, whitefly and spider mite 

using A. swirskii and N. californicus alone and mixed on ‘Tormenta Jalapeño’ pep
per, Capsicum annuum l. var. longum, and ‘Classic’ eggplant in a split plot de sign 
with four replications and whole plot factors completely randomized. Plots con-
sisted of 14 plants set 60 cm apart and 1.8 m between bed centers, each plot se-
parated by a like sized buffer plot treated 8 and 18 oct. with movento at 0.37 l/ha 
(5.0 fl oz/ac) and 3.74 % abamectin (Abba® Ultra, Makhteshim Agan, Raleigh, 
nC) on 30 oct. and 25 nov. four treatments were randomly assigned to subplots: 
(1) A. swirskii alone, (2) N. californicus alone, (3) 1:1 mix of A. swirskii and N. 
ca lifornicus, and (4) an untreated control. three weeks after planting when pest 
po pulations had been monitored twice, predator mites were released at 50 m-² and 
100 m-² for A. swirskii and N. californicus respectively, based on the Koppert re-
com mendation for ‘curative light’ (www.koppert.com). Pests and predators were 
mo nitored weekly by sampling six leaves (three top and three basal) from six ran
domly selected plants per plot. 
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Table 1. Treatments (Tr) and application timing on eggplant for Experiment 5.

  Apr May Jun
Tr Product/Formulation Rate 11 17 29 6 13 22 23 29 5 12
1 untreated Check            

2
oberon 2 sC 0.73 l/ha x x x x x
abba ultra 0.37 l/ha x x x x
Jms stylet oil 0.50 % x x x x

3
nBZ2166 52 eC 1.1 l/ha x x x x x x  x x x
Induce 0.25 % x x x x x x  x x x

4

nBZ2166 52 eC 1.1 l/ha x x x x
Induce 0.25 % x x x x
A. swirskii Per plot 600

N. californicus Per plot 600 600

5
A. swirskii Per plot 600        
N. californicus Per plot 600 600

Experiment 5: Eggplant, spring 2014
The objective of this experiment was to compare control of pests on eggplant 

using pesticides or predatory mites with and without applications of M. anisopliae. 
greenhouse-raised ‘night shadow’ eggplant seedlings were transplanted 6 mar., 
60 cm apart on two raised beds separated by a row of corn, Zea mays l. each plot 
contained 16 eggplants with a buffer of five plants incorporated between plots. 
Plots were assigned in a randomized complete block design with four replications 
to five treatments: (1) untreated control, (2) standard: weekly rotations of the 
pesticides abba ultra at 0.37 l/ha or oberon at 0.73 l/ha + 0.5 % Jms stylet 
oil® (Jms flower farms Inc, Vero Beach, fl), (3) nBZ: Metarhizium anisopliae 
strain f52 (nZB2166 52eC, novozymes, franklinton, nC) + a non-ionic surfac-
tant (Induce®, Helena Chemical Company, Collierville, tn), (4) rotation: alter-
nate applications of M. anisopliae and releases A. swirskii, N. californicus, and 
(5) pre da tory mites alone (table 1). Amblyseius swirskii and N. californicus, were 
re leased by sprinkling infested bran substrate at an estimated rate of 60 mites of 
each spe cies onto the center ten plants (table 1). Buffer plants were sprayed with a 
ro ta tion of Abba Ultra® at 0.37 L/ha, Oberon at 0.73 L/ha and 12.7 % β cyflu thrin 
(Bay th roid Xl®, Bayer Cropscience, research triangle Park, nC) at 0.21 l/ha 
on suc ces sive spray dates (table 1) in an attempt to inhibit migration of predatory 
mites between plots. all stages of spider mites, broad mite, predatory mites, seden-
tary stages of whitefly (eggs and nymphs) and melon thrips were monitored weekly 
from 23 Apr. to 16 June by collecting a fully mature midcanopy leaf from five 
plants in each plot and examining, under a stereoscopic microscope, ten 3.23 cm² 
discs cut from each leaf. on 21 may and 2 June, all ripe fruit was collected from 
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five plants in each plot. Fruit were weighed and damage by broad mites and thrips 
rated according to the following scale: no damage = 1, slight calyx damage = 2, se
vere calyx damage = 3, and scarred fruit = 4. 

Analysis
Pest and predator counts per date in Experiments 2, 3 & 5 were evaluated using 

repeated measures as randomized complete block (RCB) designs by crop and Ex
periments 1 and 4 were evaluated as repeated measures split-plot rCB designs. 
All repeated measures analyses specified a variance components covariance struc
ture. Counts were transformed by log10(x+0.05) as required to normalize. the 
Mixed procedure was used for analysis of variance specifying the Satterthwaite 
de grees of freedom approximation in SAS Ver. 9.3 (SAS Institute 2014). Within
ex periment pairwise, Tukeyadjusted treatment comparisons were made using 
the lsmeans ‘factor’/diff adjust=tukey statement. Block was considered a random 
factor in all analyses. Correlations of predator and pest counts on each date were 
conducted with the Corr procedure, specifying the spearman option (sas Institute 
2014). Predator populations were correlated with target pest populations in the 
same week or one week later using the “lag” function in sas.

Table 2. Mean ± SEM pest and predator counts per plant over 6 weeks in Experiment 1 on eggplant 
and squash following release of A. swirskii and N. californicus before planting (tray release) and after 
planting (field release), dispersion plots adjacent to release plots, control plots isolated by pesticide 
ap plication plots and pesticide (oberon) treated plots. trial was conducted near Immokalee florida, 
fall 2010. Means with the same letter in each column per crop are not significantly different (α=0.05). 

Eggplant

Treatment A. swirskii N. californicus Whitefly Spider mite

Control 0.01 ± 0.01 b 0.02 ± 0.01 a 26.95 ± 3.38 a 2.38 ± 1.14 a

Dispersal 0.02 ± 0.01 ab 0 ± 0 a 17.36 ± 3.93 ab 3.99 ± 2.20 a

field release 0.09 ± 0.05 a 0.08 ± 0.05 a 16.09 ± 2.75 ab 0.02 ± 0.01 b

oberon® 0.01 ± 0.01 b 0 ± 0 a 13.80 ± 3.59 b 0.04 ± 0.04 b

tray release 0.03 ± 0.02 ab 0.04 ± 0.02 a 25.28 ± 4.43 a 0.01 ± 0.01 b

Squash
Treatment A. swirskii N. californicus Whitefly Spider mite

Control 0 ± 0 a 0 ± 0 b 8.63 ± 2.06 a 1.19 ± 0.78 a

Dispersal 0.01 ± 0.01 a 0 ± 0 b 6.65 ± 2.90 a 0.23 ± 0.16 a

field release 0.05 ± 0.04 a 0.13 ± 0.05 a 4.89 ± 1.57 a 0.21 ± 0.12 a

oberon® 0 ± 0 a 0 ± 0 b 4.36 ± 1.18 a 0.05 ± 0.05 a

tray release 0 ± 0 a 0.04 ± 0.03 ab 3.77 ± 1.29 a 0.34 ± 0.24 a
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RESULTS 
Experiment 1: Eggplant and zucchini squash, fall 2010

numbers of A. swirskii were low but greater on eggplant (mean ± sem: 0.03 ± 
0.01) than squash (mean ± sem: 0.01 ± 0.01) (P=0.034) on which there was no 
significant treatment effect (P>0.05 for all treatment comparisons). Most A. swirs
kii were found on eggplants receiving the mites the week after transplanting al-
though not significantly more than in dispersal or tray release plots (Table 2). The 
crop x date interaction was significant (F5,180=3.29; P=0.007) with numbers of A. 
swirskii peaking mid-november on eggplant with a lesser peak mid-november 
on squash (figs 1a, C). Neoseiulus californicus was scarce in both crops with no 

Fig. 1: Mean ± SEM pests and predators per leaf by date for whitefly and spider mite populations 
and A. swirskii and N. californicus (mean of all treatments) after mixed releases of A. 
swirskii and N. californicus before (in tray) and after planting and applications of oberon 
(pesticide) in eggplant (a, B) and squash (C, D).
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treatment effects on eggplant and almost none seen on squash in tray release plots 
(table 2). numbers of N. californicus peaked early to mid-november in both crops 
(figs 1B, D). 

Whitefly was the most abundant pest species in both eggplant and squash fol
lowed by spider mite (Fig. 1). Broad mite was absent in both. More whiteflies 
were found in eggplant than squash (F1,3=61.33; P=0.004) with no significant 
treat ment effects in the latter (P>0.05 for all treatment comparisons) (Table 2). 
Most whiteflies were found on eggplant controls and least on pesticidetreated 
plants with the dispersal and field release treatments intermediate (Table 2). A 
date (F1,174=14.91; P<0.001) effect and interactions of crop and date (F5,174=2.52; 
P=0.031) were detected. Interactions could be attributed in part to sustained 
whitefly numbers on control plants in eggplant and decreasing numbers with time 
in all treatments in squash (figs 1a, C). 

Fig. 1 (continued): Mean ± SEM pests and predators per leaf by date for whitefly and spider mite 
populations and A. swirskii and N. californicus (mean of all treatments) after mixed releases 
of A. swirskii and N. californicus before (in tray) and after planting and applications of 
oberon (pesticide) in eggplant (a, B) and squash (C, D).
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spider mite populations were low on squash and no treatment effect was noted 
(P>0.05) in contrast to eggplant (F4,174=5.40; P<0.001). field release, tray release 
and oberon reduced spider mite counts on eggplant in equal measure compared to 
the control and dispersal treatments (table 2). for plants not receiving pesticide 
applications, N. californicus counts and whitefly numbers one week later were 
negatively correlated on eggplant (r=-0.268; P=0.038) as were A. swirskii and N. 
californicus (r=0.305; P=0.009). 
Experiment 2: Eggplant and cantaloupe, spring 2011

numbers of A. swirskii differed by treatment in eggplant (F4,147=6.53; P<0.001) 
with most found on plants receiving the A. swirskii + N. californicus mix (Table 
3). numbers of A. swirskii were not significantly improved overall by addition of 
C. lactis (Table 3). However, a significant interaction of treatment and date was 
apparent (F36,147=1.70; P=0.015) and explained by a peak in A. swirskii num bers 
late may to early June on plants that had received A. swirskii + N. californicus + C. 

Table 3. Mean ± SEM pest and predator counts per plant over 11 weeks in Experiment 2 on egg
plant and over 7 weeks on cantaloupe following release of predatory mite species individually and 
as a mix ture. Effects on pests and predators were compared to application of the pesticides Agri
Mek® and AgriFlex® in eggplant. Effects of releases on pests and predators were compared to those 
of mites provisioned with food (Carpoglyphus lactis or pollen) in cantaloupe. trial was conducted 
near Immokalee florida, spring 2011. means with the same letter in each column per crop are not 
significantly different (α=0.05).

Eggplant
Treatment A. swirskii N. californicus Whitefly Spider mite
Control 0.00 ± 0.00 c 0.00 ± 0.00 c 13.48 ± 2.50 a 34.93 ± 5.70 a
A. swirskii +  
N. californicus+  
C. lactis

0.09 ± 0.03 ab 0.12 ± 0.04 a 8.77 ± 1.59 ab 14.62 ± 5.58 b

A. swirskii +  
N. californicus 0.11 ± 0.03 a 0.09 ± 0.03 ab 8.62 ± 1.49 ab 9.64 ± 2.37 b

agri-mek® 0.04± 0.02 bc 0.01 ± 0.01 c 6.56 ± 1.99 b 6.59 ± 1.72 b

AgriFlex® 0.03 ± 0.02 bc 0.04 ± 0.03 bc 10.91 ± 2.49 ab 15.88 ± 5.06 b
 

Cantaloupe
Treatment A. swirskii Whitefly Spider mite

Control 0.02 ± 0.02 a 22.33 ± 5.79 a 0.07 ± 0.06 a

C. lactis 0.00 ± 0.00 a 19.52 ± 5.55 a 0.12 ± 0.12 a

A. swirskii 0.03 ± 0.02 a 14.05 ± 2.57 a 0.20 ± 0.12 a

A. swirskii +  
C. lactis 0.01 ± 0.01 a 14.02 ± 3.63 a 0.03 ± 0.02 a

A. swirskii +  
pollen 0.02 ± 0.01 a 13.89 ± 3.07 a 0.11 ± 0.08 a
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lactis. some A. swirskii and N. californicus were found on buffer plants sprayed 
with AgriMek or AgriFlex although none were found on untreated plants pro
tec ted by the buffers (table 3). numbers of A. swirskii varied by date on egg-
plant (F10,147=3.01; P=0.003) with peaks late april and early June (fig. 2a). num-
bers of N. ca lifornicus were also influenced by treatment in eggplant (F4,162=7.55; 

Fig. 2: Mean ± SEM by treatment per leaf by date of (A) whitefly and (B) spider mite and mean A. 
swirskii and N. californicus of all treatments after releases of mixes of A. swirskii and 
N. californicus supplied with dried fruit mite or applications of pesticides (agri-mek and 
AgriFlex) in eggplant, and (C) whitefly and (D) spider mite and A. swirskii (sum of all 
treat ments) in cantaloupe after release of A. swirskii supplied with pollen and dried fruit 
mite in different treatments.
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P<0.001) with most found where provisioned with C. lactis although not signi-
ficantly so than when with no food supplement (Table 3). 

Whitefly numbers were influenced by treatment in eggplant (F4,162=3.79; P= 
0.006), although the only significant differences were between the control and 
the agri-mek treatments (table 3). a date effect was also apparent (F10,162=15.53; 
P<0.001) with peak whitefly numbers midApril in all treatments but AgriFlex 
where the peak delayed until late may (fig. 2a). spider mite numbers were also 
influenced by treatment on eggplant (F4,162=10.53; P<0.001), being greatest in 
con trol plots with no differences among remaining treatments (table 3). no broad 
mite was seen.

Fig. 2 (continued): Mean ± SEM by treatment per leaf by date of (A) whitefly and (B) spider mite and 
mean A. swirskii and N. californicus of all treatments after releases of mixes of A. swirskii 
and N. californicus supplied with dried fruit mite or applications of pesticides (agri-mek 
and AgriFlex) in eggplant, and (C) whitefly and (D) spider mite and A. swirskii (sum of 
all treat ments) in cantaloupe after release of A. swirskii supplied with pollen and dried fruit 
mite in different treatments.
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Cantaloupe matured and died faster than eggplant and sampling of this crop was 
completed 17 May. The few spider mites peaked early April and whiteflies late 
April (Figs 2C, D). No significant treatment effects were found (P>0.05 for all 
treatment comparisons) for whitefly (F4,102=0.73; P=0.574) or spider mite counts 
(F4,105=0.71; P=0.584) (table 3). 

for plants without pesticide applications, negative correlations of A. swirskii 
and N. californicus counts and whitefly numbers after one week were found (R= 
-0.224; P=0.014 and r=-0.209; P=0.022, respectively) on eggplant but not on 
cantaloupe (P>0.05). 

Experiment 3: Eggplant, fall 2011
numbers of A. swirskii and N. californicus peaked 1 nov. (figs 3a and 3B res-

pectively); N. californicus then virtually disappeared in late January to reappear 
later in concert with spider mite populations. overall, numbers of A. swirskii and 
N. californicus were negatively correlated (r=-0.198; P<0.001). Counts of A. 
swir skii differed by treatment (F6,333=20.90; P<0.001) with most found on egg-
plants receiving only A. swirskii and fewest on the control and plants re ceiving N. 
ca li fornicus alone or movento (table 4). more were found where A. swir skii was 
released before N. californicus, than the reverse order, with the mix ture interme
diate. similar results were seen in abundance of N. californicus (F6,333=14.89; 
P<0.001), with more seen where this species was released alone than where 
released first, which was not significantly different from the mixture (Table 4). No 
more were found where A. swirskii was released first than in the three treatments, 
where N. californicus was not released at all. 

Whitefly numbers varied by date (F15,333=35.83; P<0.001) with most observed 
through 19 oct. followed by a rapid decline (fig. 3a). numbers of A. swirskii and 
whiteflies were negatively correlated (R=0.215; P<0.001). A significant treat ment 
effect on whitefly numbers was found (F6,333=2.22; P=0.041, with more on plants 
receiving N. californicus then A. swirskii than those treated with movento (table 
4). All other treatments were intermediate with no other significant differences. 

spider mites also peaked early, dropped precipitously by 1 nov., and remained 
low until a moderate rise midFebruary (Fig. 3B). Both whitefly and spider mite 
counts were greatest when predator numbers were lowest for the most part. Counts 
for A. swirskii and spider mite numbers lagged one week were negatively corre-
lated (r=-0.276; P<0.001). Treatment effects on spider mite counts were signifi
cant (F6,333=5.40; P<0.001) with fewest seen on plants receiving N. californicus a 
week before A. swirskii, although significantly different only from the untreated 
control (table 4). 

Broad mites appeared relatively late in the trial, with most seen from late october 
through november, and almost none after mid-January (fig. 3C). treatment ef-
fects were significant (F6,333=6.52; P<0.001), with fewest on plants receiving any 
combination of predacious mite and most on movento-treated plants; the untreated 
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Fig. 3: Mean ± SEM per leaf by date of (A) whitefly, (B) spider mite and (C) broad mite in eggplant 
after release of predaceous mites alone, in mixtures or in sequence. 
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control being intermediate (table 4). Broad mite numbers reached a mean of 10.5 
per leaf on untreated plants and 13 per leaf on plants treated with movento by 7 
nov. (fig. 3C). 

Experiment 4: Eggplant and jalapeño pepper, fall 2012
numbers of A. swirskii peaked on eggplant mid-october, again in mid no-

vem ber and were increasing again at the end of the trial in December (fig. 4a). 

Fig. 4: Mean ± SEM per leaf of (A) whitefly, (B) broad mite and mean A. swirskii and N. californicus 
(sum of all treatments), after releases of A. swirskii and N. californicus alone and combined 
or applications of a pesticide (Movento) on eggplant and (C) whitefly, and (D) broad mite 
on pepper.
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trends were similar in pepper but without the increase in December (fig. 4C). 
num bers of N. californicus were negatively correlated with A swirskii on eggplant  
(r=-0.263; P<0.001) and virtually nonexistent in pepper. A significant treat ment 
effect (F4,330=37.55; P<0.001) and interaction of treatment and crop (P<0.001) 
was seen on eggplant. most A. swirskii on eggplant and the few found in pep per 
were on plants receiving A. swirskii alone or in mixture (Table 5).

Fig. 4 (continued): Mean ± SEM per leaf of (A) whitefly, (B) broad mite and mean A. swirskii and N. 
californicus (sum of all treatments), after releases of A. swirskii and N. californicus alone 
and combined or applications of a pesticide (Movento) on eggplant and (C) whitefly, and 
(D) broad mite on pepper..
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Broad mite counts were also greater on eggplant (mean ± sem: 3.73 ± 0.55) 
than pepper (mean ± sem: 2.81 ± 0.49) (F1,3=18.05; P=0.024) although numbers 
de creased rapidly in both crops following release of A. swirskii three weeks after 
plan ting (figs 4B, D). In both crops, fewest broad mites were found on plants 
re ceiving A. swirskii alone or with N. californicus, whereas most were found in 
con trol plots. Intermediate numbers were seen where N. californicus was released 
alone or movento sprayed (table 5). Broad mite numbers on eggplant were ne-
gatively correlated with A. swirskii (r=-0.223; P=0.005).

Whiteflies peaked in early October, decreasing later in the year and were more 
numerous in eggplant (mean ± sem: 5.26 ± 0.71) than pepper (mean ± sem: 
1.10 ± 0.14). numbers of A. swirskii and whiteflies were negatively cor related on 
eggplant (r=0.228; P<0.002). Treatment effects were significant in egg plant 
(F4,324=14.94; P<0.001) as was the interaction of treatment and crop (P<0.001). 
Only Moventotreated plants had significantly (P<0.05) fewer white flies than the 
con trol, with no significant treatment effects in pepper (Table 5). Spider mites were 
essentially absent from pepper and scarce in eggplant except on con trol plants 
where significantly more were seen than all other treatments (P<0.05) (table 5).

Experiment 5: Eggplant, spring 2014
the only predatory mite species present throughout the trial was A. swirskii. Neo

seiulus californicus was present in low numbers initially, but absent by the third 
week. Amblyseius swirskii eventually migrated to all plots despite the insecticide 
bar rier applied to buffer plants. nevertheless, most were found on plants treated 
with the rotation of nBZ (M. anisopliae) and the mite mixture, which was signifi
cant ly greater than mites alone (Table 6). A significant effect of date (F9,147=10.68; 
P<0.001) and interaction of treatment and date (F36,147=2.32; P<0.001) were also 
detected. numbers of A. swirskii peaked in may (fig. 5a) primarily on mite-
treated plants with or without nBZ.

Treatments significantly affected broad mite numbers (F4,162=8.06; P<0.001), 
with fewest found on plants receiving mites alone or the standard miticides (table 
6). numbers were generally low with most broad mites seen in control plots late 
april (fig. 5B). 

A treatment effect on whitefly numbers was also apparent (F4,162=4.71; P<0.001). 
greatest reductions occurred on plants receiving predacious mites rotated with 
NBZ, although not significantly different from the miticide standard (Table 6). A 
significant negative correlation was seen between counts of A. swirskii and white-
flies lagged by one week (R=-0.345, P<0.001).

All treatments except mites alone reduced spider mite numbers compared to the 
control (table 6). fewest spider mites were seen using the chemical standard but 
not significantly so compared to the NBZ treatment. The interaction of treatment 
and date was significant (F40,162=1.96; P=0.002), with the spider mites peaking in 
late May, primarily in control plots (Fig. 5C). Likewise, all treatments except mite 
releases alone significantly reduced melon thrips (F4,165=8.97; P<0.001), with most 
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found on control plants and fewest on plants receiving the pesticide standard treat-
ment though not different from the rotation of nBZ and mites (table 6). 

reductions in thrips populations on pesticide-treated plants began 30 apr., and 
later on rotation treated plants in mid-may, commensurate with the buildup of A. 
swirskii populations (fig. 5D). for plants without pesticide application, A. swirskii 
and lagged thrips numbers were negatively correlated (r=-0.427; P<0.001).

Fig. 5: Mean ± SEM pests and predators per leaf by date of (A) whitefly and mean A. swirskii (all 
treatments), (B) broad mite, (C) spider mite, and (D) melon thrips in eggplant treated with 
a pesticide standard, nBZ: M. anisopliae, rotation of M. anisopliae and releases of the 
predatory mites, A. swirskii, N. californicus, and Neoseiulus longispinosus, predatory mites 
alone and an untreated control.



 stansly ET AL.: management of InseCt & mIte Pests In oPen-fIelD CroPs 105

Fig. 5 (continued): Mean ± SEM pests and predators per leaf by date of (A) whitefly and mean A. 
swirskii (all treatments), (B) broad mite, (C) spider mite, and (D) melon thrips in eggplant 
treated with a pesticide standard, nBZ: M. anisopliae, rotation of M. anisopliae and releases 
of the predatory mites, A. swirskii, N. californicus, and Neoseiulus longispinosus, predatory 
mites alone and an untreated control.
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Fruit damage, primarily russeting of calices, was significantly reduced on plants 
treated with the chemical standard compared to other treatments (table 7) al-
though harvested masses did not differ by date (F1,3=0.18; P=0.702) or treat ment 
(F4,24=0.20; P=0.938) (table 7). 

DISCUSSION 

Five field trials were conducted to evaluate the use of phytoseiid mites for ma
nagement of whiteflies, thrips, broad mites and spider mites in open field so la
naceous and cucurbit vegetable crops. Specific objectives were to (1) assess host 
plant effects, (2) assess release time and the value of providing supplemental food 
for predacious mites in the field, (3) compare results with mixtures of two pre
dacious mite species compared to rotations or single species releases, and (4) com-
pare control obtained with predacious mites to that of standard pesticides. 

Host plant effects
Eggplant is an excellent host for all three pests evaluated as well as melon thrips 

included in the last experiment. Therefore, all experiments included eggplant as 
one or the only crop. Results on eggplant were compared to zucchini in Experi ment 
1, to cantaloupe in Experiment 2 and to jalapeño pepper in Experiment 4. Egg plant 
generally sustained higher numbers of predacious mites than squash, canta loupe 
or pepper. This corresponded to generally higher numbers of whiteflies and spider 
mites on control plants. eggplant is a preferred host of spider mites (van den Boom 
et al. 2003) and B. tabaci (Hilje et al. 2001). spider mites were essentially absent 
from pepper. attractiveness of host plants to these pests wanes with age (Hilje et 
al. 2001), and squash and cantaloupe matured and declined more quickly than 
eggplant. spider mite and phytoseiid numbers were also greater on eggplant than 
cantaloupe. thus, differences in predacious mite numbers on different host plants 
were likely due primarily to differences in pest populations.

Table 7. Mean ± SEM eggplant damage ratings (no damage = 1, slight calyx damage = 2, severe ca
lyx damage = 3, and scarred fruit = 4) and mass (kg) per fruit for eggplant assigned in a randomized 
complete block design to 4 replications of 5 treatments: (1) untreated control, (2) weekly applications 
of pesticides, (3) M. anisopliiae, (4) M. anisopliiae + releases of the predatory mites, and (5) predatory 
mites alone. trial was conducted near Immokalee florida, spring 2012. means with the same letter in 
each column are not significantly different (α=0.05).

Treatment Damage rating Harvested mass (kg/fruit)

Control   2.57 ± 0.21 a 0.48 ± 0.01 a

M. anisopliae   2.20 ± 0.14 a 0.49 ± 0.04 a
M. anisopliae 
rotated with mites   2.55 ± 0.17 a 0.50 ± 0.02 a

mites alone   2.42 ± 0.20 a 0.47 ± 0.02 a

standard   1.54 ± 0.09 b 0.48 ± 0.02 a
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Release time and supplemental food
no differences were seen in number of predacious mites recovered or spider mite 

control from release of a mixture of A. swirskii and N. californicus on eggplant 
seedlings before or after transplanting (table 2). releasing in the seedling tray 
prior to transplanting would be labor-saving but requires further evaluation. si mi-
larly, supplemental provisioning with C. lactis did not significantly enhance the 
number of predacious mites or spider mite control on eggplant (table 3).

messelink et al. (2008) found that a subsequent numerical response by the pre-
datory mites more than compensated for initially reduced predation on thrips and 
whiteflies when both pests were present. However, C. lactis probably did not persist 
long enough in our experiment to elicit a numerical response (Table 3). Nomikou et 
al. (2010) found a 5-fold increase in numbers of A. swirskii and an 8-fold decrease 
in B. tabaci on cucumber plants provided with cattail pollen presented in vials 
suspended from the leaves. Cattail pollen has been shown to enhance predator 
mite populations and subsequent pest management in greenhouse vegetable crops 
(Pijnakker et al. 2016) although we did not see the effect in fieldgrown cantaloupe. 
The lack of any effect of pollen on cantaloupe may simply reflect low populations 
of pests and consequently A. swirskii. However, the apparent ability of both mites, 
especially A. swirskii, to persist on eggplant following release on young seedlings 
suggests that some source of food was available. the possibility that windblown 
pollen caught by the densely pilose eggplant leaves may sustain predacious mites 
in the open field until flowering deserves further study. 

Mixtures, rotations or single species releases
Predacious mite populations were greatest in Experiment 3 on eggplant when 

each species was released alone > released first > released together > released 
second (table 4). Counts of N. californicus and A. swirskii were negatively cor-
related in this and the subsequent experiment (4). However, no significant effect 
was seen on target pest populations. In contrast, no difference in A. swirskii num-
bers was seen whether A. swirskii was released on eggplant alone or mixed with 
N. californicus, although more of the latter were found when it was released alone 
(table 5). Predacious mites on pepper were too low to compare in the companion 
trial, and significant treatment effects were only seen on broad mite on either 
crop, with best control where A. swirskii was released regardless of whether N. 
californicus was included.

these results suggest a degree of intraguild predation between the two preda-
cious mite species. Buitenhuis et al. (2010) found greater predation by A. swirskii 
on N. cucumeris than vice versa. Both predacious mites, preferred, developed faster 
and survived better on intra-guild larvae in bean leaf disk bioassays than on larvae 
of the thrips Frankliniella occidentalis. Çakmak et al. (2006) also found evidence 
of intraguild predation between N. californicus on Phytoseiulus persimilis (athias-
Henriot), although attenuated by the presence of shared prey (T. urticae). Indeed, 
a diversity of prey may have a beneficial effect on pest control (Messelink et al. 
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2008, 2010). rosenheim et al. (1995) predicted disruption of biological control 
from intraguild predation among predatious mites. We saw that intraguild predation 
could reduce populations of one or both of two released phytoseiids, but with little 
or no effect on biological control in the short term context of a vegetable crop 
(table 4). our results suggest that both predacious mites should be released where 
spider mites are expected to be the main pest, whereas A. swirskii alone would be 
the best choice to control whitefly and broad mite.

finally, rotation with M. anisopliae actually increased populations of A. swir s kii 
as well as reducing numbers of whiteflies and spider mites compared to re lease 
of A. swirskii alone. midthassel et al. (2016) found A. swirskii to be largely com-
patible with Beauveria bassiana even though the mite was somewhat sus cep tible 
to the fungus. While we do not have specific information on direct effects of M. 
anisopliae on A. swirskii, our results would indicate that the two can be used to-
gether for whitefly and spider mite control.

Biological vs chemical control
In general, pesticides provided better control of whiteflies than A. swirskii 

(tables 2–5), similar control of spider mites compared to both mites (tables 2–5), 
and less control of broad mites than A. swirskii (tables 4, 5). abamectin is con-
sidered harmful to both A. swirskii and N. californicus and spiromesifen is con-
si dered moderately harmful and very persistent against A. swirskii (Poletti et al. 
2007; audenaert et al. 2013; Koppert 2015). Increased spider mite densities in cot-
ton were attributed to effects of foliarapplied thiamethoxam on natural enemies 
(smith et al. 2013). In addition, neonicotinoids can cause increased fecundity in 
spider mites through a hormoligant effect (James & Price 2002). given these in-
compatibilities and the effectiveness of early season releases of predacious mites 
to control the target pests, reserving pesticides for late season control if necessary 
could be an effective strategy for combining biological and chemical control in 
these crops.

most published information on use of predacious mites for control of vege table 
pests comes from laboratory or greenhouse studies. nevertheless, most vegetable 
crops are still grown in the open field although this is the least controllable en
vironment for experimentation. Early establishment is key to success as in green
houses. yet, the details of best management practices will depend, in part, on the 
crop type, pest and disease incidence, interactions with crop protection chemicals, 
environmental conditions and all the other variables of open field horticul ture. 
our results demonstrate the potential of phytoseiid predators for management of 
whiteflies, mites and thrips in many open field vegetable crops excluding tomato to 
which N. californicus and A. swirskii are maladapted (Koller et al. 2007; Buiten-
huis et al. 2014). the advantages of this approach are becoming ever more evident 
as are the drawbacks of total dependence on pesticides. successful integration of 
biological control into open field vegetable production will ultimately depend on 
the experience and expertise of growers and crop protection specialists.
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