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Abstract Amblyseius  swirskii  Athias-Henriot
(Acari: Phytoseiidae) is a very efficient generalist
predatory mite of Bemisia tabaci (Gennadius) (Hemi-
ptera: Aleyrodidae) and Frankliniella occidentalis
(Pergande) (Thysanoptera: Thripidae), worldwide
released in horticultural greenhouses. Here, the toxi-
city of sulfoxaflor and other ten pesticides to A.
swirskii adults when applied at their maximum field
rate was assessed in the laboratory in terms of
mortality and reproductive performance. The duration
of the harmful activity when residues were aged under
greenhouse was assessed for compounds not classified
as harmless in the laboratory, based on the Interna-
tional Organization for Biological Control (IOBC)
rules. Sulfoxaflor as well as flonicamid, flubendi-
amide, metaflumizone, methoxyfenozide, spirome-
sifen, and spirotetramat were harmless, emamectin
was slightly harmful and abamectin, deltamethrin and
spinosad were harmful. Emamectin was short-lived
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and abamectin, deltamethrin and spinosad were
slightly persistent under our conditions.
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Introduction

Almeria, in South Eastern Spain, is one of the most
important vegetable crop producers in Europe with
48,676 ha. The main crops in this area are tomato and
sweet pepper (19 and 15% of the total growing area,
respectively), followed by lettuce, zucchini, cucum-
ber, melon and eggplant (MAGRAMA 2016a). The
two main pests that threaten the production are the
tobacco whitefly Bemisia tabaci (Gennadius) (Hemi-
ptera: Aleyrodidae) and the western flower thrips
Frankliniella occidentalis (Pergande) (Thysanoptera:
Thripidae) (Robledo et al. 2009), both of which are
remarkably polyphagous and included in the European
and Mediterranean Plant Protection Organization
(EPPO) A2 list of quarantine organisms for the EPPO
region (EPPO 2015a, b). These pests are a limiting
factor in the economic production of high-quality
fruits because their damage causes considerable yield
losses (Gomez et al. 2006; Oliveira et al. 2001).
Bemisia tabaci is a polyphagous key pest complex of
at least 28 species (De Barro et al. 2011) that is
distributed throughout much of the world. The
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whiteflies cause economic damage to some crops due
to phloem-feeding, excretion of honeydew that pro-
motes the growth of blackish sooty moulds and the
transmission of plant viruses (Colomer et al. 2011).
Frankliniella occidentalis, which is currently the most
important pest thrips in Europe, can cause direct
damage by feeding on or ovipositing in developing
fruits and leaves and indirect damage by virus
transmission (Shipp et al. 2000).

Since the EU directive 2009/128/EC on the
sustainable use of pesticides came into force in
January 2014, Integrated Pest Management (IPM)
has become mandatory in all European Union (EU)
countries (OJEU 2009) encouraging more environ-
mentally friendly alternatives to pesticides, such as
biological control methods. Amblyseius swirs-
kii (Athias-Henriot) (Acari: Phytoseiidae) is one of
the most widely used natural enemies in the different
horticultural crops of Almeria (Amor et al. 2012). It is
a very efficient generalist predator of B. tabaci and F.
occidentalis (Calvo et al. 2011) and it can persist in
the crops even at low pest densities (Colomer et al.
2011). However, despite its ability to currently control
several pests, in simultaneous outbreaks in the crop,
corrective insecticide treatments may be needed
depending on the crop and on the growing season.

In order to guarantee the effectiveness of the IPM
programs, pesticides applied nowadays in our modern
crop production systems, must be respectful to natural
enemies and pollinators and selective for human
beings and the environment. Therefore, these pesti-
cides must have new mode of actions that can delay
the development of insecticide resistance (Biondi et al.
2012a; Roubus et al. 2014). This last premise is
essential in horticultural crops because B. tabaci and
F. occidentalis have developed resistance to a wide
range of commonly used products (Bielza 2008;
Fernandez et al. 2009). In the EU, the authorized
active ingredients (a.i.) considered the safest for
agricultural use, are included in Annex I of the
European directive 91/414/EEC and the list is updated
regularly (MAGRAMA 2016b). The recently included
insecticide sulfoxaflor, authorized in USA since 2013
(EPA 2013), is the first compound representative of
the sulfoxamine insecticide class, which acts on insect
nicotinic receptors (nAChRs) but in a different way
than other pesticides (Sparks et al. 2013). This
systemic insecticide exhibits a good potency against
a broad range of sap-feeding insect species, including
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insecticide resistant populations of B. rabaci (Babcock
et al. 2011), but the information on its selectivity to
natural enemies is scarce.

Therefore, the objective of this study was to provide
information on the toxic direct effect (mortality) and
on the sublethal effects caused by sulfoxaflor to A.
swirskii adults in order to assure a good performance
of the natural enemy (Desneux et al. 2007) and to
compare the results with other modern pesticides
commonly used in Almeria in horticultural crops,
taking into account their different modes of action
(IRAC 2016; MAGRAMA 2016b, c). To that end,
effects of the fresh residues of the pesticides were
firstly tested in the laboratory and secondly, and only
for those causing any effect, a persistence test was also
performed.

Materials and methods
Insects

The initial stock of A. swirskii was purchased from
Koppert Biological Systems (La Mojonera, Spain) and
reared on Carpoglyphus lactis (L.) (Acari: Carpo-
glyphidae) in a controlled environment chamber
(Sanyo MLR-350, Madrid, Spain) at the standard
conditions of 25 £+ 2 °C, 80 & 5% RHandaL:D 16:8
photoperiod. The colony of A. swirskii was synchro-
nised prior to the assays to ensure that individuals were
the same age and renewed periodically with individ-
uals obtained from the commercial insectary.

Chemicals

Sulfoxaflor was tested at the rate recommended by the
manufacturer (Dow AgroSciences Iberica S.A., Spain)
as there are not commercial formulations available yet
in Europe. The rest of selected insecticides, abamec-
tin, emamectin, flonicamid, flubendiamide, metaflu-
mizone, methoxyfenozide, spinosad, spiromesifen and
spirotetramat, were tested at their maximum field
recommended concentrations (MFRC) in accordance
with the Spanish registration (MAGRAMA 2016c¢).
Additionally, the neurotoxic pesticide deltamethrin,
frequently applied in many horticultural crops and
harmful to many natural enemies according to the
IOBC database (IOBC 2016), was included in the
study as a positive control (Table 1).
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Table 1 Mode of action and concentrations of the pesticides tested
Active ingredient Mode of action (IRACY) Commercial brand Manufacturer MFRC(mg

(a.i)? name/a.i. content a.i/l)
Abamectin Glutamate-gated chloride channel (GluCl)  Vertimec®/1.8% EC Syngenta Agro S.A. 18
allosteric modulators
Deltamethrin Sodium channel modulator Decis Protech®/1.5% Bayer Cropscience S.L. 1245
EC
Emamectin Glutamate-gated chloride channel (GluCl)  Affirm®/0.855% SG Syngenta Agro S.A. 12.83
allosteric modulators
Flonicamid Modulator of Chordotonal organs Teppeki®/50% WG Belchim Crop Protection 60
Spain S.A.
Flubendiamide Ryanodine receptor modulator Fenos®/24% WG Bayer Cropscience S.L. 60
Metaflumizone Voltage dependent Na+ channel blocker Alverde®/24% SC BASEF Espaiiola S.L. 240
Methoxyfenozide Ecdysone receptor agonist Runner®?24% SC Bayer Cropscience S.L. 96
Spiromesifen Inhibitor of acetyl CoA carboxylase Oberon SC 240%/24% Bayer Cropscience S.L. 144
SC
Spirotetramat Inhibitor of acetyl CoA carboxylase Movento®/15% SC Bayer Cropscience S.L. 75
Spinosad Nicotinic acetylcholine receptor (nAChR)  Spintor 480 SC®/48% Dow Agrosciences 120
allosteric modulator SC Ibérica S.A.
Sulfoxaflor Nicotinic acetylcholine receptor (nAChR)  —/11.4% SC Dow Agrosciences 60
competitive modulators Ibérica S.A.

# Included in Annex I of the directive 91/414/EEC

b According to IRAC (Insecticide Resistance Action Committee) MoA Classification v.8.1 (April 2016)

EC emulsifiable concentrate, SG soluble granule, WG water-dispersible granules, SC suspension concentrate, MFRC maximum field

recommended concentration

For the calculation of the pesticide amounts to be
applied, the predicted initial environmental concen-
tration PIEC (ug cm™2) = maximum field dose (gadi.
ha™") /100 with a correction factor of deposits under
field conditions, of 1.0 for arable crops, was used
(Barrett et al. 1994). A water amount of 300 1 ha™!
was also used in calculations. The negative controls
were treated with distilled water alone.

Bioassays

The effect of fresh pesticide residues on adults of A.
swirskii was studied using a modification of the
International Organization for Biological Control
(IOBC) standard method developed for Psyttalia
concolor (Szepl.) (Hymenoptera: Braconidae) (Jacas
and Vifiuela 1994). For the assessment of the duration
of the harmful activity, we followed the method of van
de Veire et al. (2004) with Encarsia formosa Gahan
(Hymenoptera: Aphelinidae). The experiments were
performed in a controlled environmental chamber

under the conditions described above. The laboratory
tests were conducted in two separate assays, with half
of the pesticides and the negative and positive control,
under the same environmental conditions than the
rearing.

Adult exposure to fresh pesticide residues on glass
surfaces

To evaluate the residual contact activity of the pesticides,
the dismountable cages designed by Jacas and Vifuela
(1994), and slightly modified by Bengochea et al. (2014),
were used. The experimental units comprised two square
glass plates (12 x 12 x 0.5 cm) and a round methacry-
late frame (6 cm in diameter, 3.5 cm high) with several
holes. These holes are covered by a mesh for ventilation,
by a piece of plasticine for insect manipulation and by an
hypodermic needle connected to a rubber tube that
provided a flow of air produced by an aquarium pump to
ensure forced ventilation. Two square glass plates per
replicate were treated under the Potter precision tower
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(Burkard Manufacturing Co., Rickmansworth, UK) with
a deposit of 1.5-2 mg cm ™2 (1 ml, 55 kPa) at room
temperature. As soon as the glass plates were dry, the
cages were mounted with two crossed rubbers and 15 ¢
and 5 3 were introduced (optimal proportion based in our
previous experience). The predatory mites were fed
ad libitum with C. lactis eggs and nymphs. Five
replicates were used for each treatment and the controls.
Mortality was recorded 72 h after the exposure to
pesticides. Survivors were used to assess reproduction
and long-term mortality. Adults (3 @ and 1 &; again
optimal proportion based in our experience) were
transferred to ventilated plastic cages (12 cm in diam-
eter, 5 cm high) with a piece of Whatman filter paper as
the oviposition substrate. The mean oviposition (number
of eggs per female per week), hatchability (hatching
percentage) and the cumulative mortality (monitored
daily) were recorded for seven days. Ten replicates were
used per pesticide and control.

Persistence test

The duration of the harmful activity was assessed only
for those compounds exhibiting any detrimental effect
to the adults in the residual contact test in the
laboratory. Potted sweet pepper plants (cv California
Wonder, 30 cm high) were hand-sprayed until the
point of run-off with each pesticide. The plants were
maintained for residue aging in a greenhouse in Madrid
(Central Spain) equipped with cooling and heating
systems, in June 2013 (15-h light natural photoperiod).
The amount of PAR (photosynthetic active radiation)
and UV light present inside the greenhouse was
measured using spectroradiometers (models BQM
and UVM, respectively, Spectrum Technologies,
Apogee Instruments, Logan, Utah, USA). Average
environmental conditions during the residue aging
were: 27.02 £ 0.2 °C, 45.62 £ 0.51% RH, UV radi-
ation 27.88 & 6.02mol m~>s~', PAR radiation
496.73 £ 117.24 mol m~*s™", 15 h light natural pho-
toperiod. As before, groups of A. swirskii adults (15 @
and 5 §) were exposed in the laboratory for 72 h to
pepper leaves collected from the plants at 0, 4, 10, 21,
and 31 days after pesticide treatment (DAT), using the
ventilated plastic cages described above. Adult mor-
tality was checked daily up to three days, and when the
adult mortality was less than 25%, the survivors were
used to study the possible alterations on reproduction
following the methodology described in the former
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bioassay. Five replicates were used for each treatment
and the controls. The trial was stopped when the
pesticides were classified as harmless or up to
one month after treatment (Hassan 1994).

Statistical analysis

Statistical analyses were performed using Statgraph-
ics® Plus, version 5.0 (STSC 1897). The data were
subjected to a one-way analysis of variance
(ANOVA), and differences in means were determined
(P < 0.05) by the least significant difference (LSD)
multiple range test. When necessary to homogenize
variances and/or correct deviations from normality,
percentages values were transformed using the arcsine
of the square root of the proportions. If any of the
assumptions of the analysis of variance were violated
after the appropriate transformations, the effect of
treatments was analyzed by means of the non-
parametric Kruskal-Wallis test.

The mortality data and the other recorded param-
eters were corrected with the Schneider—Orelli’s or the
Abbott’s formula, respectively. Subsequently, once
any of the parameters evaluated had been corrected, the
pesticides were classified according the IOBC toxicity
ratings. In the laboratory, the pesticides were classified
as follows: 1 (harmless: <30%), 2 (slightly harmful:
30-79%), 3 (moderately harmful: 80-99%), and 4
(harmful: >99%). For the evaluation of the pesticide
effects in the persistence test, the four toxicity
categories of the IOBC/WPRS working group “Pesti-
cides and Beneficial Organisms” for the extended
laboratory were used in each aged residue to assess its
harmfulness: 1 (harmless: <25%), 2 (slightly harmful:
25-50%), 3 (moderately harmful: 51-75%), or
4 (harmful: >75%). Pesticide persistence was cate-
gorised as follows: A (short-lived: <five days); B
(slightly persistent: 5-15 days); C (moderately persis-
tent: 16-30 days); and D (persistent: >30 days).

Results

Adult exposure to fresh pesticide residues on glass
surfaces

The corrected lethal and sublethal effects caused by the
pesticides to A. swirskii adults are presented in Table 2
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and the IOBC toxicity ratings in Table 3. The adult
mortality at 72 h in the untreated control (Table 2)
averaged 5.0 £ 1.58 and 3.06 £ 1.25% in the two
separate experiments. In the treated units, increases in
mortality in comparison with the corresponding nega-
tive control ranged from 3.66 £ 1.47% in metaflumi-
zone to 89.39 +£3.68% in spinosad, being
19.53 4+ 2.06% in sulfoxaflor (Table 2). Therefore,
abamectin, deltamethrin and emamectin were cate-
gorised as slightly harmful (IOBC 2), spinosad as
moderately harmful (IOBC 3) and sulfoxaflor and the
rest of insecticides as harmless (IOBC 1) concerning
this parameter (Table 3).

Sublethal effects were also detected in survivors
(Table 2). The number of eggs produced per A.
swirskii female per week were 4.32 + 0.35 and
4.48 + 0.30 in the two untreated controls (Table 2),
whereas oviposition reductions ranging from
8.88 £ 3.41% in sulfoxaflor to 100% in abamectin
and deltamethrin were detected. Concerning oviposi-
tion, emamectin was categorized as slightly harmful
(IOBC 2), abamectin and deltamethrin harmful (IOBC
4) and the rest of insecticides, including sulfoxaflor, as
harmless (IOBC 1) (Table 3). The hatching percent-
age was 100% in both untreated controls (Table 2).
Despite of the reduction in oviposition caused by some
treatments, none of the pesticide altered the egg hatch
and all were categorised as harmless (IOBC 1)
(Table 3).

For the long-term mortality following a 72 h pesticide
exposure, phytoseiid mortality after seven days in the
untreated control was 27.5 £+ 8.70 and 17.5 £ 5.3% in
the two separate experiments (Table 2). In the treated
units, mortality increased from 1.82 + 1.21% in sulfox-
aflor and flubendiamide to 100% in abamectin (Table 2).
Emamectin was categorised as slightly harmful (IOBC
2), deltamethrin as moderately harmful (IOBC 3),
abamectin as harmful (IOBC 4) and sulfoxaflor and the
rest of insecticides as harmless (IOBC 1) (Table 3).

Persistence test

The duration of the harmful activity to A. swirskii
adults when pesticide residues were aged in potted
sweet pepper plants under greenhouse in central Spain
varied with the pesticide tested (Table 4). Emamectin
caused less than 25% mortality and no sublethal
effects at 4 DAT and it was classified as short-lived
(IOBC class A). All the other pesticides (abamectin,

deltamethrin and spinosad), reduced their toxicity
after ten days, and therefore they were classified as
slightly persistent (IOBC class B) under our
conditions.

Discussion

The exposure of the predatory mite A. swirskii adults
to fresh residues of sulfoxaflor on glass plates in the
laboratory at the recommended rate by the manufac-
turer did not cause any effect and the insecticide was
classified as harmless (IOBC 1). To our knowledge,
there is no information on the effects of the novel
systemic pesticide sulfoxaflor on the predatory mite A.
swirskii. In our study, the insecticide was safe to the
natural enemy as it was to L3 larvae of Chrysoperla
carnea (Stephens) (Neuroptera: Chrysopidae) and
adults of Adalia bipunctata (L.) (Coleoptera: Coc-
cinellidae) after contact exposure for 72 h (Garzén
et al. 2015). However, the insecticide is detrimental to
some developmental stages of other natural enemies:
slightly harmful to C. carnea adults, harmful to L4
larvae of A. bipunctata (Garzon et al. 2015) and adults
of Nesidiocoris tenuis Reuter and Macrolophus basi-
cornis (Stal) (Hemiptera: Miridae) (Wanumen et al.
2016). The last authors reported that, for M. basicor-
nis, its toxicity was higher under extended laboratory
and semi-field conditions than in the laboratory,
suggesting that the zoophytophagous feeding of the
family Miridae allows the individuals to acquire some
pesticide while sucking on the plant, increasing the
residual contamination from walking on the residues.
Similarly, flonicamid, flubendiamide, metaflumi-
zone, methoxyfenozide, spiromesifen and spirotetra-
mat applied at their MFRC registered in Spain were
also harmless (IOBC 1) to A. swirskii adults. Roditakis
et al. (2014) also found that flonicamid did not cause
any mortality to the phytoseiid mite in the laboratory
even when they were treated at a concentration twice
(125 mga.i. 17" that used in our trials (60 mg a.i. 1.
However, in contrast to our results, these authors
reported a reduction in egg hatching. The different
pesticide exposure and the higher concentration
applied might have accounted for the differences.
Under field conditions, Colomer et al. (2011) also
showed the compatibility of this insecticide with
established populations of A. swirskii in sweet pepper
commercial greenhouses of South Eastern Spain.
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Table 2 Mortality rates and reproductive performance of A. swirskii following exposure to fresh pesticide residues in the laboratory

Pesticides MFRC? 72 h after continuous ~ Seven days after the end of the exposure to the insecticides®
(mg ai. 17" exposure®
% Mortality increase % Oviposition % Hatchability % Mortality increase
(absolute values)Cl reduction (absolute reduction (absolute (absolute values)®
values)® values)
Abamectin 18 53.68 + 1.97 f 100+ 0d (0 £+ 0) - 100 + 0 d (100 £ 0)
(56.0 £ 1.87)
Deltamethrin” 12.45 4742 £ 171 e 100 = 0d (0 £ 05 - 95.03 £2.74d
(52.05 + 1.91; 0+£0) (97.78 + 2.22;
47.0 £+ 2.55) 94.33 £+ 3.93)
Emamectin 12.83 3579 £197d 70.3 £9.26 ¢ 0+ 0 (100 £ 0) 6241 £ 11.79 ¢
(39.0 £+ 1.87) (1.28 £+ 0.39) (72.5 £ 8.7)
Flonicamid 60 6.82 £ 2.07 ab 11.11 £ 473 a 0=+ 0 (100 £ 0) 4.85 £ 3.94 ab
(9.67 £ 2.01) (4.49 £+ 0.35) (7.5 £ 5.34)
Flubendiamide 60 5.02 £ 2.39 ab 11.18 £ 3.93 ab 0+ 0 (100 £ 0) 1.82 £ 121 a
(7.32 £ 2.69) (4.14 £ 0.24) (5.0 £3.33)
Metaflumizone 240 3.66 £ 1.47 a 11.87 £ 3.31 ab 1.49 £ 1.02 1545 £537b
(6.0 £ 1.87) (4.12 £ 0.23) (98.51 + 1.02) (25.0 £+ 6.46)
Methoxifenozide 96 432 £ 1.08 ab 16.78 £ 4.59 ab 0+ 0 (100 £ 0) 11.63 £ 5.68 ab
(8.11 £ 2.03) (3.64 £ 0.22) (34.37 £ 4.57)
Spinosad 120 89.39 + 3.68 g - - -
(89.9 £ 3.5)
Spiromesifen 144 1894 £ 129 ¢ 22.17 £540 b 0+ 0 (100 £ 0) 15.51 £ 5.17 ab
(23.0 £ 1.22) (3.53 £ 0.34) (35.0 £ 5.52)
Spirotetramat 75 959 +£129b 17.74 &+ 3.44 ab 0+ 0 (100 £ 0) 7.57 £ 3.81 ab
(12.36 £ 1.25) (3.73 £ 0.19) (15.0 £ 5.53)
Sulfoxaflor 60 19.53 £ 2.06 ¢ 8.88 +3.41 a 0.68 £ 0.68 1.82 £ 121 a
(22.0 £ 2.00) (4.51 £ 0.36) (99.32 £+ 0.68) (5.0 £3.33)
For 7° (df) - 170.51 (10, 48) 41.80 (9, 83) 10.26 (7) 58.03 (9, 83)
P - <0.0001 <0.0001 0.1742 <0.0001

Within the same column, data (mean £ SD) followed by the same letter are not significantly different (P < 0.05). Environmental
conditions: 25 £ 2 °C temperature, 80 = 5% RH, L:D 16:8 photoperiod

# MFRC (Maximum field recommended concentration) in accordance with the Spanish registration (MAGRAMA, 2016¢) or
following the manufacturer’s recommendation for sulfoxaflor

® Five replicates per treatment. 15 @ and 5 3 per replicate

¢ Ten replicates per treatment. 3 @ and 1 3 per replicate

4" Adult mortality 72 h after continuous exposure in untreated controls: 5.0 + 1.58 and 3.06 + 1.25%

¢ Oviposition in untreated controls: 4.32 + 0.35 and 4.48 £ 0.30 number of eggs produced per female and week
T Hatching percentage of eggs in both untreated controls: 100 + 0%

€ Long-term mortality in untreated controls: 27.5 &+ 8.70 and 17.5 £ 5.30%

" There is two absolute values for each parameter studied because the positive control (deltamethrin) was included in the two assays
performed

! At day 4 after the pesticide application, 100% of mites were dead

Flubendiamide was safe to A. swirskii adults, as it
was to a large number of natural enemies, including
the predatory mites Amblyseius cucumeris (Oude-
mans) and Phytoseiulus persimilis Athias-Henriot

(Acari: Phytoseiidae) (Tohnishi et al. 2005). The
insecticide was even compatible with all developmen-
tal stages of phytoseiid mites when it was applied at
high rates (up to 987.4 mg a.i. 17"), as reported by
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Table 3 Final IOBC toxicity ratings based on the total effect caused by the pesticides to A. swirskii adults in the laboratory
Pesticides MFRC* Adult mortality Oviposition Hatchability Adult mortality Final IOBC
(mg a.i. = (72 h) (seven days) Class®
Abamectin 18 2 4 - 4 4
Deltamethrin 12.45 2 4 - 3 4
Emamectin 12.83 2 2 1 2 2
Flonicamid 60 1 1 1 1 1
Flubendiamide 60 1 1 1 1 1
Metaflumizone 240 1 1 1 1 1
Methoxifenozide 96 1 1 1 1 1
Spinosad 120 3 - - 4 4
Spiromesifen 144 1 1 1 1 1
Spirotetramat 75 1 1 1 1 1
Sulfoxaflor 60 1 1 1 1 1

IOBC toxicity rating in the laboratory: 1 harmless (<30% reduction); 2 slightly harmful (30-79% reduction); 3 moderately harmful

(80-99% reduction); 4 harmful (>99% reduction)

# MFRC (Maximum field recommended concentration) in accordance with the Spanish registration (MAGRAMA, 2016¢) or

following the manufacturer’s recommendation for sulfoxaflor

® The worst result assessed in any of the studied parameters

Lefebvre et al. (2011) and Beers and Schmidt (2014)
in Galendromus occidentalis (Nesbitt) and Lefebvre
et al. (2012) in Amblyseius fallacis (Garman). In
contrast, Doker et al. (2015) reported a significant
reduction in oviposition of Iphiseius degenerans
(Berlese) (Acari: Phytoseiidae) at the same concen-
tration than the one used in our work.

Gradish et al. (2011) have previously reported the
compatibility of A. swirskii and the same metaflumizone
formulation used in our work but applied at lower rates
(69 and 138 and 240 mg a.i. 1", when adults were
exposed to fresh residues on bean leaves. In our study,
the only effect detected on A. swirskii adults was a small
significant increment in the long-term mortality.
Because the percentage increase was under 30%, the
pesticide was classified as harmless.

Methoxyfenozide, which is considered as environ-
mentally friendly and highly selective for arthropods
except lepidopteran pests (Carlson et al. 2001; Smag-
ghe et al. 2013), was harmless to A. swirskii in the lab.
This is consistent with the results of other authors on
different phytoseiid mites: A. fallacis, Amblyseius
californicus (McGregor), G. occidentalis (Nesbitt) and
Kampimodromus aberrans (Oudemans) (Acari: Phy-
toseiidae) (Bostanian et al. 2010; Tirello et al. 2013;
van de Veire and Tirry 2003). In commercial

greenhouses it was also compatible with established
populations of A. swirskii (Colomer et al. 2011).
Spiromesifen was also harmless even though it
significantly increased direct mortality, decreased
oviposition and increased the long-term mortality of
A. swirskii adults. The susceptibility of predatory
mites to this insecticide seems to be highly variable
depending on the different physiological characteris-
tics and/or behavioural habits of the species (Cloyd
etal. 2006). As such, Cheon et al. (2008) did not detect
any lethal effect on Neoseiulus womersleyi Schicha
when females were treated with 100 mg a.i. 17, and
Cloyd et al. (2006) reported that it was safe to A.
californicus and harmful to P. persimilis (15 and
31 ml commercial product 1_1). In contrast, a con-
centration of 76.2 mg a.i. 1™ reduced the oviposition
of G. occidentalis females after contact with pesticide
residues (Saenz de Cabezon and Zalom 2007).
Spirotetramat, classified as a “reduced risk pesti-
cide” by the USA Environmental Protection Agency
(EPA 2008), was selective for A. swirskii adults. The
phytoseiid mite G. occidentalis appears to be even
more tolerant to the product than A. swirskii because a
concentration of 164 mg a.i. 1~' (two-fold higher than
that used in the present work) did not cause any effect
(Beers and Schmidt 2014). However, a concentration
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of 328 mga.i. 1™ significantly increased the predatory
mite mortality (Beers and Schmidt 2014).

The rest of the studied pesticides caused some
deleterious effects to the predatory mite in the
laboratory. Emamectin was classified as slightly
harmful (IOBC 2) due to the lethal and sublethal
effects caused to A. swirskii adults. Similarly, under
semi-field and field conditions, Amor et al. (2012)
reported that the predatory mite was affected by a
concentration slightly higher (14.25 mg a.i. 17") than
that used in our trials (12.83 mg a.i.1”"). Based on the
scarce information in the literature, other phytoseiid
mites such as A. cucumeris and Euseius victoriensis
(Womersley) are equally affected by emamectin, as
shown by Kim et al. (2005) and Bernard et al. (2010).

Abamectin and deltamethrin were harmful (IOBC
4) in our trials due to the direct mortality caused to A.
swirskii adults at 72 h and the total inhibition of
oviposition, because survivors exhibited an impaired
mobility with desynchronized movements. Seven days
after exposure, mortality was higher than 95% in both
pesticides. In agreement with our findings, several
authors have already reported that fresh residues of
abamectin are highly toxic to the majority of the
phytoseiid mites in the laboratory and cause increases
in mortality and reductions in longevity and oviposi-
tion to P. persimilis, A. cucumeris, A. fallacis and
Amblyseius degenerans Berlese (Bostanian and Aka-
lach 2006; Gentz et al. 2010; Kim et al. 2005; Sterk
et al. 2003). Similarly, deltamethrin, a broad-spectrum
insecticide, is toxic to a wide range of natural enemies
including the predatory mites (Jansen 2010). As such,
Bonafos et al. (2007) reported 100% mortality of
Amblyseius andersoni (Chant) when both the phyto-
seiids and a bean leaf disk were treated at concentra-
tions slightly higher than ours (17.5 mg a.i. 1~") under
the Potter precision tower. The harmfulness was also
observed in field conditions based on results of
Rodrigues et al. (2002) with established populations
of Amblyseius barkeri Hughes, Euseius stipulatus
(Athias-Henriot), Euseius finlandicus (Oudemans) and
Typhlodromus pyri Scheuten (Acari: Phytoseiidae) in
apple orchards of northern Portugal.

Spinosad, authorized in organic farming in Euro-
pean member states after its inclusion in Annex II of
the EU council regulation 2092/91 in 2008 (OJEC
2008), was the insecticide with the strongest direct
effect on A. swirskii. Rahman et al. (2011) also
reported that the pesticide was very toxic to the

phytoseiids A. cucumeris, Amblyseius montdorensis
(Schicha) and the hypoaspid Hypoaspis miles (Ber-
lese) at a concentration lower than that used in our
trials (96 mg a.i. 171). In the review of Biondi et al.
(2012b), however, contradictory results are presented
concerning this pesticide, which is more effective by
ingestion than by contact. Some phytoseiids are very
much affected even in the field or the greenhouse (7.
pyri, A. cucumeris and Euseius tularensis Congdon)
while not acute toxicity or detrimental effects on the
survival, predation and reproduction were detected in
others (A. cucumeris and P. persimilis). The different
formulations, concentrations and frequency of treat-
ment in the field might have accounted for the results.

The duration of the residual toxicity of those
pesticides classified as not harmless in the laboratory
(abamectin, deltamethrin, emamectin and spinosad)
when the residues were aged under a greenhouse in
central Spain was moderate. Emamectin was short-
lived and consequently compatible with A. swirskii
adults (IOBC A) because at 4 DAT its residues were
not harmful. Similarly, field trials with A. swirskii on
pepper plants under unspecified climatological condi-
tions, showed that three-, seven- and 14-day-old
residues were harmless to the predatory mite, because
this pesticide quickly degrades on the leaf surface
(Amor et al. 2012).

The other three studied pesticides abamectin,
deltamethrin and spinosad were ranked as slightly
persistent (IOBC B) because their harmful activity
lasted longer than five days. The primary degradation
mechanism of all of these pesticides is photolysis (Liu
et al. 2010; van de Veire et al. 2004). Hence, the
differences in their harmful activity to beneficial fauna
are influenced by the light intensity and UV radiation
during the aging of the residue. Thus, there is
contradictory information in the literature on the
duration of the harmful activity of these pesticides to
different natural enemies apart from those linked to the
species and/or developmental stage studied and the
plant chosen for the application of the pesticides.

Nadimi et al. (2011) and van de Veire et al. (2001)
have reported that abamectin had a slight persistent
effect (IOBC B) on A. californicus and P. persimilis
protonymphs, which was consistent with our findings,
though protonymphs were more sensitive to pesticides
than the adults. In contrast, Bliimel and Hausdorf
(2002) observed that zero-, three- and ten day old
residues aged in bean plants rapidly killed 100% of P.
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persimilis protonymphs. In contrast to our results
(spinosad was slightly persistent to A. swirskii adults),
this insecticide was ranked as short-lived (IOBC A) to
the closely related species A. californicus (van de
Veire et al. 2001), when the residues were aged in
sweet pepper plants. None of these authors provided
information on the amount of light or UV radiation
during the aging of the pesticide residues. However,
van de Veire et al. (2004) reported that the persistence
of abamectin and spinosad to Encarsia formosa Gahan
was higher in European locations with lower light
intensity.

Deltamethrin was classified as moderately persis-
tent (IOBC C) to E. finlandicus protonymphs in semi-
field tests performed in plum orchards in Greece under
unspecified climatological conditions (Broufas et al.
2008), while it was slightly persistent (IOBC B) to A.
swirskii adults in our trials in Central Spain in June.
Apart from the differences linked to the different
developmental stages and species studied, the amount
of UV radiation and the number of day hours must
have played a role on the photolytic degradation,
which seems to have been slower in Greece. In
summary, sulfoxalfor as well as flubendiamide, floni-
camid, metaflumizone, methoxyfenozide, spirome-
sifen and spirotetramat are compatible with A.
swirskii. Abamectin, deltamethrin, emamectin and
spinosad can also be recommended for use in IPM
programs if appropriate safety deadlines are used
before the natural enemy release.
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