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Abstract In recent years, biological control strategies to
control many major horticultural pests have been success-
fully implemented in the Eastern Mediterranean basin.
However, the management of some pests, such as aphids in
sweet pepper crops, can still be improved. The goal of this
study was to examine the potential of the omnivorous
predatory mirids Nesidiocoris tenuis, Macrolophus pyg-
maeus, and Dicyphus maroccanus as biocontrol agents of
aphids in sweet pepper crops. First, the capacity to detect
Myzus persicae-infested and un-infested plants was studied
in a Y-tube olfactometer. Females of the three species of
predatory mirids were strongly attracted to the odor of
infested M. persicae plants. Second, the prey suitability of
young and mature nymphs of M. persicae for these three
mirid species was studied. The three species actively
preyed on M. persicae, although D. maroccanus resulted
the most voracious species preying both young and mature
nymphs. Finally, the capacity of the three omnivorous
predators to reduce M. persicae in heavily infested plants
was determined in semi-field conditions. The three species
of mirids could reproduce on aphids and establish on sweet
pepper plants. Mirids significantly reduced the number of
M. persicae per leaf, reaching levels of aphid reduction
close to 100 % when compared to the untreated control.
These results suggest that mirids might play a major role in
aphid management in sweet peppers. The potential
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implementation methods of predatory mirids for the bio-
logical control in sweet peppers are discussed.
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Introduction

During the last decade, biological control strategies for
various major pests have been successfully implemented in
greenhouse crops in southern Europe (Calvo et al. 2009,
2011, 2012a; van Lenteren 2012). The two most recent and
remarkable successes of biological control have occurred
in tomato and sweet pepper production in southeastern
Spain. These successes have occurred mainly due to the
selection and implementation of generalist predators native
to the Mediterranean Basin. For tomatoes, the inoculation
of the predatory mirid bug Nesidiocoris tenuis (Reuter)
(Hemiptera: Miridae) in the nursery proved very effective
in controlling key tomato pests, such as the sweet potato
whitefly Bemisia tabaci (Gennadius) (Hemiptera: Aleyro-
didae) and the South American tomato pinworm Tuta ab-
soluta (Meyrick) (Lepidoptera: Gelechiidae) (Calvo et al.
2012a, b; Urbaneja et al. 2012). For sweet peppers, the
release of the predatory mite Amblyseius swirskii (Athias-
Henriot) (Acari: Phytoseiidae) and the minute pirate bug
Orius laevigatus (Fieber) (Hemiptera: Anthocoridae) pro-
vided effective control of the two key pests in this crop, the
B. tabaci and the western flower thrips Frankliniella oc-
cidentalis (Pergande) (Thysanoptera: Thripidae) (Blom
2008; Calvo et al. 2009). Currently, all sweet pepper
(approximately 9,300 ha) and tomato (approximately
8,000 ha) production operations in southeast Spain use
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these indigenous and polyphagous biocontrol agents as the
main pest control strategy.

Generalist predators are widely recognized to signifi-
cantly contribute to the biological control of populations of
several agricultural pests throughout the world (Symond-
son et al. 2002). Zoophytophagous or plant feeding pre-
dators constitute a special case of generalist predators.
Generalist zoophytophagous predators can use various food
resources, such as alternative prey, and can feed on plant
material, which further facilitates their establishment prior
to pest infestation and their maintenance in the crop during
periods of prey scarcity, resulting in crop systems that are
more resilient to pest invasions (Ramakers and Rabasse
1995; Messelink et al. 2008; Castaiié et al. 2011; Urbaneja
et al. 2012). These special features result in one of the most
important challenges currently in biological control, which
is the search and selection of generalist zoophytophagous
predators (Bueno et al. 2013).

The biological control of aphids in sweet pepper plants
needs improvement, because this strategy has required
multiple releases of natural enemies (Blom 2008). These
releases are not always sufficiently effective (Belliure et al.
2008, Sanchez et al. 2011) and may considerably increase
the final cost of the biocontrol program in this crop
(Messelink et al. 2011). The most common species of
aphids in sweet peppers are Myzus persicae (Sulzer), Aphis
gossypii Glover, Macrosiphum euphorbiae Thomas, and
Aulacorthum solani Kaltenbach (Hemiptera: Aphididae)
(Belliure et al. 2008; Blom 2008; Sanchez et al. 2011). The
first two species, which are smaller in size than the last two,
are regularly controlled via the release of the parasitoid
Aphidius colemani Viereck (Hymenoptera: Braconidae). In
addition, the introduction of banker plants that were pre-
viously infested with the cereal aphid Rhopalosiphum padi
(L) (Hemiptera: Aphidiidae) is a good method to increase
the reservoir populations of A. colemani before detecting
the presence of the pest preventing outbreaks of this pest
(Huang et al. 2011). However, both strategies using this
parasitoid (continuous augmentative releases and intro-
duction of banker plants) can dramatically be disrupted by
the action of hyperparasitoids, which are relatively abun-
dant in southeastern Spain (Belliure et al. 2008; Sanchez
et al. 2011). Therefore, the specialized aphid predatory
midge Aphidoletes aphidimyza (Rondani) (Diptera: Cec-
idomyiidae) and other generalist predators, such as
chrysopid, syrphid, or coccinellid predators, are also fre-
quently released against these two aphid species, but these
populations fail to establish when the aphids disappear
(Pineda and Marcos-Garcia 2008; Messelink et al. 2011,
2013). To date, the biological control of M. euphorbiae and
A. solani has not been satisfactory in most cases using the
parasitoids Aphidius ervi Haliday and Aphelinus abdomi-
nalis (Dalman) (Hymenoptera: Aphelinidae).
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These problems with controlling aphids in sweet pepper
plants emphasize the need to continue looking for alter-
native natural enemies that would satisfy the aforemen-
tioned needs. Messelink et al. (2011) stated that the
biological control of aphids might be significantly
enhanced by using zoophytophagous predators that can
establish in a sweet pepper crop prior to aphid infestations.
A group of endemic natural enemies that commonly inhabit
sweet pepper crops and might meet these criteria that are
the predatory mirid bugs (Hemiptera: Miridae). Indeed,
previous studies suggest that the positive role of the
predatory mirid Macrolophus pygmaeus Rambur (Hemip-
tera: Miridae) could have in controlling aphids in sweet
pepper plants (Messelink et al. 2011; Perdikis and Lyko-
uressis 2004). Two other predatory mirids, N. tenuis and
Dicyphus maroccanus Wagner, together with M. pygma-
eus, have been detected preying on aphids and other agri-
cultural pests, such as spider mites, thrips, and
lepidopterans in protected sweet pepper crops of south-
eastern Spain (Jacas et al. 2008; Gonzalez-Cabrera et al.
2011; Molla et al. 2011, 2014). Therefore, this study is
aiming to further confirm the previous results obtained with
M. pygmaeus on M. persicae (Perdikis and Lykouressis
2004; Messelink et al. 2011) and compare this with the
other two mirid species, N. tenuis and D. maroccanus. We
report here on the capacity of N. tenuis, M. pygmaeus, and
D. maroccanus to detect M. persicae-infested plants and
the prey suitability of M. persicae for these three species of
mirids under laboratory conditions. Finally, the capacity of
the three zoophytophagous predators to reduce M. persicae
populations in heavily infested plants was determined
under semi-field conditions. Implications of these results
and whether these predatory mirid bugs could be consid-
ered biocontrol agents of aphids in sweet pepper crops are
discussed.

Materials and methods

The environmental conditions in laboratory experiments
were 25 + 2 °C, 60 &+ 10 % RH with a photoperiod of
16:8 h (L:D).

Experimental insects

The colonies of M. persicae (green phenotype) on sweet
pepper plants were initiated from a laboratory stock colony
maintained on potted broad bean plants (Vicia faba L.
Fabales: Fabaceae) and housed in a climatic chamber at
25 £ 2 °C, 60-80 % RH, and a 16:8 h (L:D) photoperiod
at IVIA (La-Spina et al. 2008). M. persicae-infested bean
sprouts were then reared on pesticide-free sweet pepper
seedlings (var. “Lipari”, Clause Spain S.A.U. Almeria,
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Spain). Rearing took place in screened cages
(120 x 70 x 125 cm) in which groups of six sweet pepper
plants (approximately 25 cm high) were weekly
introduced.

Dicyphus maroccanus individuals were initially col-
lected in tomato fields located in the Valencia province
(Spain) and were then reared on pesticide-free tomato
seedlings “Optima” (Seminis Vegetable Seeds, Inc., Al-
meria, Spain) using frozen eggs of the factitious prey
Ephestia kuehniella (Zeller) as food. N. tenuis and M.
pygmaeus adults were obtained from a commercial supplier
(NESIBUG® and MYRICAL®; Koppert Biological Sys-
tems, S.L., Aguilas, Murcia, Spain). Each bottle contained
approximately 500 specimens consisting of a mixture of
mature nymphs and young adults (less than 3-day-old) fed
with E. kuehniella eggs (FJ Calvo, Koppert BS; Personal
Communication). Adults from these bottles were then kept
for 24 h on sweet pepper plants and fed with E. kuehniella
eggs before used.

Attraction to volatiles

To investigate the olfactory response of the omnivorous
predators N. tenuis, M. pygmaeus, and D. maroccanus, two
separate series of Y-tube experiments were conducted.
Four 60-cm-long fluorescent tubes (OSRAM, L18 W/765,
OSRAM GmbH, Germany) were positioned 40 cm above
the arms. Light intensity over the Y-tube was measured
with a ceptometer (LP-80 AccuPAR, Decagon Devices,
Inc. Pullman, WA) and resulted 2,516 lux. The environ-
mental conditions in the Y-tube experiments were
23 £2°C, 60 &+ 10 % RH. In the first series of experi-
ments, we compared the responses of mirids to the pre-
sence of sweet pepper plants. In a second series of Y-tube
experiments, we tested whether M. persicae-infested sweet
pepper plants were equally attractive to the mirids as un-
infested ones.

The Y-tube olfactometer (Analytical Research Systems,
Gainesville, FL) consisted of a Y-shaped glass tube of
2.4 cm in diameter with a base that was 13.5-cm long and
two arms that were 5.75-cm long. The base of the Y-tube
was connected to an air pump that produced a unidirec-
tional airflow of 150 mL/min from the arms to the base of
the tube. The arms were connected via a plastic tube to two
identical glass jars (5 L of volume), each of which con-
tained a tested odor source.

The first experiment was conducted to test the attrac-
tiveness of an un-infested potted sweet pepper plant (25-cm
high) (var. “Lipari”) odor compared with an empty jar to
females of three species (aged from 3 to 5 days). The
plants were healthy and growing from natural soil mixed
with local peat moss in plastic pots (8 x 8 x 8 cm). Adult
females of the three omnivorous predators were maintained

individually in a plastic vial (10 mm diam. and 50 mm
long) without food for 24 h prior to the olfactometer bio-
assays. Each vial was sealed with moistened cotton.

Mirid females were individually introduced into the base
arm of the Y-tube. Each female was observed, until she had
walked at least 3 cm up one of the side arms or until 15 min
had elapsed (McGregor and Gillespie 2004). Females who
had not made a choice within 15 min were considered to be
“non-responders” and discarded in the subsequent data
analysis. At least 24 responses were recorded for each pair of
odor sources. After five individual females had been tested,
the olfactometer arms were flipped around (180°) to mini-
mize spatial effect on choices. After 10 females had been
bioassayed, the olfactometer set-up was rinsed with soap
water and acetone and then air-dried.

In the second experiment, the attraction of the three
species of mirids to the volatiles emitted by M. persicae-
infested sweet pepper plants and un-infested plants was
tested. Heavily infested sweet pepper plants (75-100
nymphs per leaf) from the stock colonies and height and
foliar mass similar to that of control plants (un-infested)
were used in Y-tube bioassays. At least 26 responses were
recorded for each pair of odor sources. The same protocol
explained in the first set of experiments was followed for
this second experiment.

Prey suitability

For each species of mirid, approximately 100 adults less
than 4-d-old were placed inside a 60 x 60 x 60 cm plastic
cage (BugDorm-2; MegaView Science Co., Ltd.; Tai-
chung, Taiwan) and starved of prey for 24 h before use. In
each cage, four un-infested sweet pepper plants without
flowers (25 cm high) were also introduced during the prey
starvation period to allow mirids to adapt to sweet pepper
plants. Cannibalism was not observed for any of the three
species of mirids.

Myzus persicae-infested leaves were detached from
infested plants of the stock colony. The first and fourth instar
nymphs of M. persicae were selected under a stereoscopic
binocular microscope with a small brush and placed on sweet
pepper leaves inside Petri dishes (9 cm in diameter). The
fourth nymphal instars of M. persicae are well defined, dif-
fering both in morphology and size (Horsfall 1924). The
three predator species and both sexes were separately
exposed to either 20 first instar nymphs or 20 fourth instar
nymphs. Water was supplied on soaked cotton plugs. Twenty
replicates were performed for each density and sex. After
24 h, the predators were removed from the arenas and the
number of consumed nymphs was evaluated.

Since the sex ratio of these three species of mirids is
quite different, to better compare and interpret the values of
predation among mirid species, the consumption data were
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calculated for a theoretical population, which was esti-
mated from the sex ratio values for each predator species.
The sex ratios considered were 0.44, 0.41, and 0.85
(female/total) for N. tenuis, M. pygmaeus, and D. ma-
roccanus, respectively (same authors, data in preparation).
To do this, for each predator species, each value of con-
sumption for a given sex was multiplied by the sex ratio of
the opposite sex. This estimation provided the number of
prey consumed by a single individual irrespective of gen-
der of a population with the sex ratio mentioned above.

Efficacy reducing M. persicae

This experiment was conducted in a glasshouse located at
the Instituto Valenciano de Investigaciones Agrarias IVIA
(Moncada, Valencia, Spain). The climatic conditions were
23-27 °C, 65 £ 10 % RH, and a natural photoperiod
(approximately 14L: 10D).

To determine the efficacy of N. tenuis, M. pygmaeus,
and D. maroccanus in reducing M. persicae densities in
sweet pepper plants, 16 plastic cages 60 x 60 x 60 cm
(BugDorm-2; MegaView Science Co., Ltd.; Taichung,
Taiwan) were used. In each cage (replicate), six heavily
infested sweet pepper plants (25-cm high) and one couple
of each species of mirid per plant were introduced the same
day (August 20th). The control treatment did not receive
any mirid release. Healthy sweet pepper plants were placed
inside the stock colony of M. persicae during 2 weeks. A
homogenous and heavy aphid infestation (around 70
nymphs per leaf) was obtained. Plants were randomly
distributed in the 4 treatments, and ANOVA test confirmed
that there were no statistical differences among treatments
(F3,14 = 0.8241, P = 0.5075). In total, four replicates were
included per treatment, with six plants per replicate.

During the following 6 weeks after the release, four
randomly selected infested leaves per cage were removed
weekly and introduced to a 150-mL plastic cup containing
70 % alcohol. Since flowers can serve as alternative food
for predatory mirids (Messelink et al. 2011), all flower
buds that were appearing in the course of the experiment
were removed manually to avoid any possible interference.
The collected material from each replicate and treatment
was transported to the laboratory, where aphids and mirids
were filtered through a sieve of 32 x 32 threads/cm” and
then counted under a stereoscopic binocular microscope.
These data were used to calculate the efficacy of the mirids
tested using the Henderson-Tilton formula (Henderson and
Tilton 1955).

Statistical analysis

x* goodness of fit tests were used to test the hypothesis that
the distribution of side-arm choices between pairs of odors
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Fig. 1 Responses of N. tenuis, M. pygmaeus, and D. maroccanus
females in a Y-tube olfactometer to the odors of a un-infested sweet
pepper plants versus no plant and b M. persicae-infested sweet pepper
plants versus on un-infested sweet pepper plants. The number of
individuals recorded for each odor pair is shown between brackets.
(Asterisk) represents significant differences in the distribution of side-
arm choices (xz; P < 0.05)

affected the olfactory responses in the experiments. In the
prey suitability experiment, the data on the number of
consumed M. persicae nymphs were subjected to a one-
way analysis of variance to evaluate the effect predator
species. The number of M. persicae and mirids per leaf in
sweet pepper plants and the percentage of efficacy of the
three species of mirids in reducing M. persicae populations
were analyzed using a generalized linear mixed model with
repeated measurements. Treatment was considered as a
fixed factor, and time was considered random. When sig-
nificant differences were found, pairwise comparisons of
the fixed factor levels were performed with the least sig-
nificant difference post hoc test (P < 0.05).

Results
Attraction to volatiles
Females of the three species of predatory mirids were more

attracted to the odor of un-infested plants compared to the
plant-free control (N. tenuis: y* = 6.667; P = 0.010; M.
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Fig. 2 Number (mean + SE)
of first and fourth instar nymphs
of M. persicae consumed by
females (A, B) and males (C,
D) of N. tenuis, M. pygmaeus,
and D. maroccanus. Bars
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pygmaeus: y> = 10.67; P = 0.001 and D. maroccanus:
¥’ = 1.714; P = 0.005) (Fig. 1A). When females were
presented with a choice between the odors of M. persicae-
infested plants and un-infested plants, they displayed a
preference for the odor of M. persicae plants (N. tenuis:
¥ =1424; P <0001; M. pygmaeus: x> = 6.205;
P =0.013 and D. maroccanus: X2 = 8.526; P = 0.003)
(Fig. 1B).

Prey suitability

The three species of mirids preyed actively on M. persicae
(Fig. 2). The number of first instar nymphs preyed on by N.
tenuis and D. maroccanus females was significantly higher
than those preyed by M. pygmaeus females (F,, 47 = 6.720,
P = 0.0028) (Fig. 2A). However, M. pygmaeus fed on a
significantly larger number of fourth instar nymphs than N.
tenuis, while D. maroccanus did not show significant dif-
ferences among them (F,s56 = 4.058, P = 0.0228)
(Fig. 2B). Males of D. maroccanus consumed significantly
more first instar nymphs than males of N. tenuis and M.
pygmaeus (F,s7 = 29.46, P < 0.001) (Fig. 2C). In con-
trast, no significant differences in fourth instar nymphs
predation were found among males of the predator species
tested (Fp5; = 0.4674, P = 0.6294) (Fig. 2D).

When nymphal consumption was extrapolated to theo-
retical population level, estimated from the sex ratio of
each species (Fig. 3), D. maroccanus resulted the most
voracious species preying first nymphal instars of M.

M. pygmaeus D. maroccanus

N. tenuis

M. pygmaeus D. maroccanus

o}

>

20 -

N° preyed 1% instar nymphs

T
M. pygmaeus D. maroccanus

N. tenuis
B 5-
[}
-
Qo
€ 15
o
g a
17}
£ 104
g c b
T
Q
>
o
o
=

T
M. pygmaeus D. maroccanus

N. tenuis

Fig. 3 Number (mean + SE) of first (A) and fourth (B) instar
nymphs of M. persicae consumed by one single individual from a
reconstructed theoretical population estimated from a sex ratio of
0.44, 0.41, and 0.85 (female/total) for N. tenuis, M. pygmaeus, and D.
maroccanus, respectively. Bars topped by different letters represent
means that are significantly different among species (ANOVA
P < 0.05)

persicae, followed by N. tenuis and then M. pygmaeus
(F2.105 = 136.1, P < 0.001). Similarly, D. maroccanus
consumed a significant greater number of fourth nymphal
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Fig. 4 Number (mean &+ SE) of A M. persicae and B mirids per
sweet pepper leaf. One mirid couple of the corresponding species was
released per plant in August 20th just after the first plant counting

instars of M. persicae, but on this instar was followed by
M. pygmaeus and then by N. tenuis (F 08 = 16.79,
P < 0.001).

Efficacy reducing M. persicae

The initial infestation of approximately 74.3 £ 14.3 indi-
viduals of M. persicae per sweet pepper leaf resulted in the
complete collapse of control plants on September 10th,
when the number of aphids per leaf reached 144.2 + 5.3.
After this date, the number of aphid per leaf in the control
plants decreased to 112.7 + 4.5 at the end of the experi-
ment. Conversely, the three species of mirids could sig-
nificantly reduce the number of M. persicae per leaf when
compared with the untreated control (F; g4 = 28.622;
P < 0.001; Pairwise comparisons: Control versus D. ma-
roccanus: tg4 = 7.47, P < 0.001; Control versus M. pyg-
maeus: tgs = 7.51, P < 0.001 and Control versus N. fenuis:
tgq = 7.67, P <0.001) (Fig. 4A). Indeed, plants that
received a release of mirids appeared healthy at the end of
the experiment in comparison with the unhealthy appear-
ance (smaller leaves full of honeydew) of the control
plants. No significant differences in the number of M.
persicae per leaf were found among the treatments that
received separately the release of three species of mirids
(Pairwise comparisons: D. maroccanus versus M.
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pygmaeus: tgg = 0.04, P = 0.964; D. maroccanus versus
N. tenuis: tg4 = 0.75, P = 0.457 and M. pygmaeus versus
N. tenuis: tg4 = 0.71, P = 0.482).

Independently of the species tested, releases of one
couple of mirids per plant proved to be sufficient for their
establishment in the experimental cages (Fig. 4B). The
numbers of mirids increased regularly from their release
until 4 weeks later. However, mirid population decreased
in parallel to the decrease of the number of aphids present
on sweet pepper plant after this time. The number of mirids
per leaf was almost the same for all three treatments
(F>, 63 = 1.856; P = 0.165).

The percentage of reduction of the number of aphids per
plant reached numbers close to 100 % for the three species
of mirids tested, with no significant differences among
them (F, s, = 0.478; P = 0.623) (Fig. 4).

Discussion

The three predatory mirid bugs tested in this study are
native natural enemies that spontaneously appear in various
crops in the Mediterranean basin (Alomar et al. 2002;
Gonzalez-Cabrera et al. 2011). Two of these zoophyto-
phagous predators, N. tenuis and M. pygmaeus, are mass-
reared and have been released in augmentative biocontrol
programs aimed at controlling whiteflies and 7. absoluta,
mainly in protected crops (Armé et al. 2010; Calvo et al.
2012a, b; Urbaneja et al. 2012). However, D. maroccanus
was recently first detected actively preying on T. absoluta
in the Iberian Peninsula in tomato crops (Gonzalez-Cabrera
et al. 2011). Even though D. maroccanus has been fre-
quently observed preying on aphids and mites in tomato
and egg plant crops under low pesticide-input management
(Same authors, unpublished results), studies of its prey
range or its possibilities to be integrated in biological
control programs are lacking. In any case, little is known
about the efficacy and practical use of mirids in sweet
pepper agro-ecosystems. A limited number of studies have
increased expectations that mirids can play a significant
role in the regulation of some horticultural pest species
(Perdikis and Lykouressis 2004; Messelink et al. 2011;
Bueno et al. 2013) following the success of N. fenuis in the
Mediterranean area (Calvo et al. 2012b).

The three species of predatory mirids showed a stronger
response to odors from infested plants than to odors from
un-infested plants. To our knowledge, this is the first
olfactory study of N. tenuis and D. maroccanus, but not for
M. pygmaeus. Our results for M. pygmaeus are consistent
with previous results (Moayeri et al. 2006; Ingegno et al.
2011). In our work, mirids were in contact with a pepper
plant during 24 h before starvation; hence, learning
behavior related to plant odor could be included. It would
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be interesting to clarify whether these three species of
predatory mirid bugs are able to associate prey odors as
honeydew with the presence of prey. In this regard,
Moayeri et al. (2007) showed that M. pygmaeus do not
seem to exploit odors emitted directly from the prey
themselves, which suggests that mirids respond to herbi-
vore-induced volatiles rather than to the prey itself.

We found that the three species of mirids successfully
preyed on M. persicae nymphs with significant differences
among them, which depended on the predator gender or the
instar preyed. To our knowledge, this is the first study
reporting the capacity of D. maroccanus for prey on M.
persicae. However, this study was not the first of its kind
for N. tenuis and M. pygmaeus. Previous studies have
demonstrated that both M. pygmaeus and N. tenuis feed on
M. persicae under laboratory conditions (Perdikis and
Lykouressis 2002a, b, 2004; Valderrama et al. 2007; Fan-
tinou et al. 2008, 2009; Vandekerkhove and De Clercq
2010). The three species tested in this study showed a
higher predation rate and preference for smaller prey
instars, which was also observed by Valderrama et al.
(2007) for N. tenuis and by Fantinou et al. (2009) for M.
pygmaeus. The number of nymphs consumed in our assays
by both predators revealed that mirid females could prey on
approximately 12 and 6 first and fourth nymphal instars,
respectively, over 24 h. These numbers are in agreement
with the data for M. pygmaeus and for N. tenuis obtained in
previous works when offered the same amount of prey
densities (20 nymphs). However, both predators may
consume a higher number of aphid nymphs, because their
predation rate depends on the amount of prey offered
(Valderrama et al. 2007; Fantinou et al. 2009, 2008). M.
pygmaeus, which shows a Type II functional response,
maximizes its prey consumption in 24 h at approximately
17 and 11 first and fourth nymphal instars, respectively,
densities at which the predator is satiated (Fantinou et al.
2008, 2009). Surprisingly, N. tenuis, which shows a Type
IIT functional response, can prey on almost 70 third-fourth
instar nymphs when a prey density of 90 nympbhs is offered
(Valderrama et al. 2007). Based on our personal observa-
tions, we hypothesize that N. tenuis would not be able to
completely consume 70 nymphs of M. persicae. Therefore,
an over-killing behavior was likely given, but Valderrama
et al. (2007) did not report it in their paper. Supporting this
hypothesis, Fantinou et al. (2008) demonstrated that M.
pygmaeus exhibits an over-killing behavior that might
include partial prey consumption and/or killing without
consumption. Unfortunately, we could not detect this
behavior in our work.

Further studies would be needed to determine the
predatory behavior and performance of these mirids on the
other three species of aphids that may appear in sweet
pepper crops, A. gossypii, A. solani, and M. euphorbiae. To

date, M. pygmaues is only known to actively prey on A.
gossypii and M. euphorbiae (Lykouressis et al. 2007;
Alvarado et al. 1997; Perdikis and Lykouressis 2000).
Lykouressis et al. (2007) observed that the predation rate of
M. pygmaeus was higher on M. persicae than on M. eu-
phorbiae, but this difference could be related to a major
amount of biomass obtained from M. euphorbiae. There-
fore, determining the suitability of these three other aphid
species as prey as well as efficacy studies that compare the
control capacity of these mirid species would be interest-
ing. In our experiment, the three species of mirids could at
minimum reduce the densities of M. persicae on sweet
pepper plants in the semi-field assay. Indeed, plants that
received mirid releases appeared healthy at the end of the
experiment, and some mirids still remained active on these
plants. Messelink et al. (2011) evaluated the efficacy of
inoculative releases of Orius majusculus (Reuter)
(Hemiptera: Anthocoridae), O. laevigatus, and M pygma-
eus on M. persicae in a sweet pepper greenhouse. They
found that compared to the two Orius species, M. pygma-
eus was by far the best predator for controlling M. persicae.
Thus, they suggested that the use of mirids instead or in
addition to O. laevigatus may be preferable in sweet pepper
crops, although this approach might need additional
releases of effective predatory thrips, such as A. swirskii
(Messelink et al. 2008).

The performance of the three species of mirids reducing
M. persicae resulted similar in our experiments. Other
biological traits that are important for selection and in
which these species probably differ will help us to select
any of these mirid species, e.g., (1) compatibility with other
natural enemies, (2) developmental rate on sweet pepper
plants without prey, (3) developmental rate on alternative
food and mixtures of prey, and (4) climatic preferences. In
this regard, unpublished results lead us to think that D.
maroccanus has its optimal temperature range below than
M. pygmaeus and N. tenuis, which may indicate that this
new biocontrol agent could be considered for use in crops
with cooler temperatures.

Another further criterion of selection will be the efficacy
of these predators when released prior to aphid outbreaks.
In our experiment, mirids were released when aphid pop-
ulation densities were relatively high and even so aphid
control was satisfactory but logically slow. It would,
therefore, be very interesting to establish first the mirids in
the crop (before the appearance of aphids) and determine
their effectiveness on both, exploiting alternative food
resources (e.g., pollen on flowers or other alternative prey)
and the aphids that subsequently appear in the crop.

Overall, the data presented here reveal that mirids are
highly efficient predators of M. persicae; they can detect
M. persicae-infested sweet pepper plants and reduce heavy
M. persicae infestations. These findings indicate that
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mirids may play an important role in the control of the
green peach aphids in sweet peppers. The incorporation of
any of these three species of mirids in inoculative biolog-
ical control strategies in sweet pepper crops will be a
challenge for future studies.

Acknowledgments We want to thank V. Pedroche and M. Alonso-
Valiente (IVIA) for their technical assistance and J. Calvo and J.E.
Belda (Koppert BS) for providing the N. tenuis and M. pygmaeus
individuals. The research leading to these results has received funding
from the Conselleria d’Agricultura, Pesca i Alimentacié de la Gen-
eralitat Valenciana.

Conflict of interest The authors declare that they have no conflict
of interest.

References

Alomar O, Goula M, Albajes R (2002) Colonisation of tomato fields
by predatory mirid bugs (Hemiptera: Heteroptera) in northern
Spain. Agric Ecosyst Environ 89:105-115

Alvarado P, Balta O, Alomar O (1997) Efficiency of four heteroptera
as predators of Aphis gossypii and Macrosiphum euphorbiae
(Hom.: Aphididae). Entomophaga 42:215-226

Arnd J, Gabarra R, Liu TX, Simmons AM, Gerling D (2010) Natural
enemies of Bemisia tabaci: predators and parasitoids. In: Stansly
PA, Naranjo SE (eds) Bemisia: bionomics and management of a
global pest. Springer, Dordrecht-Heidelberg-London-New York,
pp 385-421

Belliure B, Pérez P, Marcos MA, Michelena JM, Hermoso de
Mendoza A (2008) Control bioldgico de pulgones. In: Jacas JA,
Urbaneja A (eds) Control bioldgico de plagas agricolas. Phytoma
Espafia, Valencia, Espafia

Blom J (2008) Pimiento bajo abrigo. In: Jacas JA, Urbaneja A (eds)
Control biolégico de plagas agricolas. Phytoma, Valencia,
Espaiia, pp 399409

Bueno VHP, van Lenteren JC, Lins JC, Calixto AM, Montes FC,
Silva DB, Santiago LD, Pérez LM (2013) New records of Tuta
absoluta (Meyrick) (Lepidoptera: Gelechiidae) predation by
Brazilian hemipteran predatory bugs. J Appl Entomol 137:29-34

Calvo FJ, Bolckmans K, Belda JE (2009) Development of a
biological control-based integrated pest management method
for Bemisia tabaci for protected sweet pepper crops. Entomol
Exp Appl 133:9-18

Calvo FJ, Bolckmans K, Belda JE (2011) Control of Bemisia tabaci
and Frankliniella occidentalis in cucumber by Amblyseius
swirskii. Biocontrol 56:185-192

Calvo FJ, Lorente MJ, Stansly PA, Belda JE (2012a) Preplant release
of Nesidiocoris tenuis and supplementary tactics for control of
Tuta absoluta and Bemisa tabaci in greenhouse tomato. Entomol
Exp Appl 143:111-119

Calvo FJ, Soriano J, Bolckmans K, Belda JE (2012b) A successful
method for whitefly and Tuta absoluta control in tomato.
Evaluation after two years of application in practice. IOBC/
WPRS Bull 80:237-244

Castaiié C, A6 J, Gabarra R, Alomar O (2011) Plant damage to
vegetable crops by zoophytophagous mirid predators. Biol
Control 59:22-29

Fantinou AA, Perdikis DC, Maselou DA, Lambropoulos PD (2008)
Prey killing without consumption: does Macrolophus pygmaeus
show adaptive foraging behaviour? Biol Control 47:187-193

@ Springer

Fantinou AA, Perdikis DC, Labropoulos PD, Maselou DA (2009)
Preference and consumption of Macrolophus pygmaeus preying
on mixed instar assemblages of Myzus persicae. Biol Control
51:76-80

Gonzalez-Cabrera J, Molla O, Monton H, Urbaneja A (2011) Efficacy of
Bacillus thuringiensis (Berliner) in controlling the tomato borer, Tuta
absoluta (Meyrick) (Lepidoptera: Gelechiidae). Biocontrol 56:71-80

Henderson CF, Tilton EW (1955) Tests with acaricides against the
brown wheat mite. J] Econ Entomol 48:157-161

Horsfall JL (1924) Life history studies of Myzus persicae sulzer. Pa
Agric Exp Stn Bull 185:16

Huang NX, Enkegaard A, Osborne LS, Ramakers PMJ, Messelink GJ,
Pijnakker J, Murphy G (2011) The banker plant method in
biological control. Crit Rev Plant Sci 30:259-278

Ingegno BL, Pansa MG, Tavella L (2011) Plant preference in the
zoophytophagous generalist predator Macrolophus pygmaeus
(Heteroptera: Miridae). Biol Control 58:174-181

Jacas JA, Urbaneja A, Garcia-Mari F (2008) Artrépodos depreda-
dores. In: Jacas JA, Urbaneja A (eds) Control biolégico de plagas
agricolas. Phytoma Espafia, Valencia, Espaiia, pp 39-56

La-Spina M, Hermoso de Mendoza A, Carbonell E, Pérez-Panadés J
(2008) Umbrales econémicos de Myzus persicae (Hemiptera,
Aphididae) sobre pimiento en invernadero comercial. Bol San
Veg Plagas 34:485-491

Lykouressis DP, Perdikis DC, Gaspari MD (2007) Prey preference
and biomass consumption of Macrolophus pygmaeus (Hemip-
tera: Miridae) fed Myzus persicae and Macrosiphum euphorbiae
(Hemiptera: Aphididae). Eur J Entomol 104:199-204

McGregor RR, Gillespie DR (2004) Olfactory responses of the
omnivorous generalist predator Dicyphus hesperus to plant and
prey odours. Entomol Exp Appl 112:201-205

Messelink GJ, van Maanen R, van Steenpaal SEF, Janssen A (2008)
Biological control of thrips and whiteflies by a shared predator:
two pests are better than one. Biol Control 44:372-379

Messelink GJ, Bloemhard CMJ, Kok L, Janssen A (2011) Generalist
predatory bugs control aphids in sweet pepper. IOBC/WPRS
Bull 68:115-118

Messelink GJ, Bloemhard CMJ, Sabelis MW, Janssen A (2013)
Biological control of aphids in the presence of thrips and their
enemies. Biol Control 58:45-55

Moayeri HRS, Ashouri A, Brodsgaard HF, Enkegaard A (2006)
Odour-mediated preference and prey preference of Macrolophus
caliginosus between spider mites and green peach aphids. J Appl
Entomol 130:504-508

Moayeri HRS, Ashouri A, Poll L, Enkegaard A (2007) Olfactory response
of a predatory mirid to herbivore induced plant volatiles: multiple
herbivory vs. single herbivory. J Appl Entomol 131:326-332

Molla O, Gonzalez-Cabrera J, Urbaneja A (2011) The combined use
of Bacillus thuringiensis and Nesidiocoris tenuis against the
tomato borer Tuta absoluta. Biocontrol 56:883-891

Molla O, Biondi A, Alonso-Valiente M, Urbaneja A (2014) A
comparative life history study of two mirid bugs preying on Tuta
absoluta and Ephestia kuehniella eggs on tomato crops:
implications for biological control. Biocontrol. doi:10.1007/
$10526-013-9553-8

Perdikis D, Lykouressis D (2000) Effects of various items, host
plants, and temperatures on the development and survival of
Macrolophus pygmaeus rambur (Hemiptera: Miridae). Biol
Control 17:55-60

Perdikis DC, Lykouressis DP (2002a) Life table and biological
characteristics of Macrolophus pygmaeus when feeding on
Myzus persicae and Trialeurodes vaporariorum. Entomol Exp
Appl 102:261-272

Perdikis DC, Lykouressis DP (2002b) Thermal requirements for
development of the polyphagous predator Macrolophus pygma-
eus (Hemiptera: Miridae). Environ Entomol 31:661-667


http://dx.doi.org/10.1007/s10526-013-9553-8
http://dx.doi.org/10.1007/s10526-013-9553-8

J Pest Sci

Perdikis DC, Lykouressis DP (2004) Myzus persicae (Homoptera:
Aphididae) as suitable prey for Macrolophus pygmaeus (Hemiptera:
Miridae) population increase on pepper plants. Environ Entomol
33:499-505

Pineda A, Marcos-Garcia MA (2008) Evaluation of several strategies
to increase the residence time of Episyrphus balteatus (Diptera,
Syrphidae) releases in sweet pepper greenhouses. Ann Appl Biol
152:271-276

Ramakers PMJ, Rabasse JM (1995) Integrated pest management in
protected cultivation. In: Reuveni R (ed) Novel approaches to
integrated pest management. CRC Press, Florida, pp 199-229

Sanchez JA, La-Spina M, Michelena JM, Lacasa A, de Mendoza AH
(2011) Ecology of the aphid pests of protected pepper crops and
their parasitoids. Biocontrol Sci Technol 21:171-188

Symondson WOC, Sunderland KD, Greenstone MH (2002) Can
generalist predators be effective biocontrol agents? Annu Rev
Entomol 47:561-594

Urbaneja A, Gonzalez-Cabrera J, Arno J, Gabarra R (2012) Prospects
for the biological control of Tuta absoluta in tomatoes of the
Mediterranean basin. Pest Manag Sci 68:1215-1222

Valderrama K, Granobles J, Valencia E, Sanchez M (2007) Nesidi-
ocoris tenuis (Hemiptera: Miridae) predator in tobacco crops
(Nicotiana tabacum). Rev Colomb Entomol 33:141-145

van Lenteren JC (2012) The state of commercial augmentative
biological control: plenty of natural enemies, but a frustrating
lack of uptake. Biocontrol 57:1-20

Vandekerkhove B, De Clercq P (2010) Pollen as an alternative or
supplementary food for the mirid predator Macrolophus pygma-
eus. Biol Control 53:238-242

@ Springer



	Prospects for predatory mirid bugs as biocontrol agents of aphids in sweet peppers
	Abstract
	Introduction
	Materials and methods
	Experimental insects
	Attraction to volatiles
	Prey suitability
	Efficacy reducing M. persicae
	Statistical analysis

	Results
	Attraction to volatiles
	Prey suitability
	Efficacy reducing M. persicae

	Discussion
	Acknowledgments
	References


