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ABSTRACT

In recent years, the use of predatory mirid bugs (Hemiptera: Miridae) in horticultural crops has

increased  considerably.  Mirid  bugs  are  zoophytophagous  predators,  that  is,  they  display

omnivorous behavior and feed on both plants and arthropods. Mirid bugs feed effectively on a

wide  range  of  prey,  such  as  whiteflies,  lepidopteran  eggs,  and  mites.  In  addition,  the

phytophagous behavior of mirid bugs can activate defenses in the plants on which they feed.

Despite  the  positive  biological  attributes,  their  use  still  presents  some  constraints.  Their

establishment and retention on the crop is not always easy and economic plant damage can be

caused by some mirid species. In this review, the current strategies for using zoophytophagous

mirid  bugs  in  horticultural  crops,  mainly  Nesidiocoris  tenuis,  Macrolophus  pygmaeus and

Dicyphus hesperus, are reviewed. We discuss, six different approaches, which in our opinion,

can optimize the efficacy of mirids as biocontrol agents and help expand their use into more

areas worldwide.  In this  review (1) we highlight the large number of  species and biotypes

which are yet to be described and their applicability explored, (2) we present how it is possible

to take advantage of the mirid-induced plant defenses to improve pest management, (3) we

argue that genetic selection of improved mirid strains is feasible,  (4) we explore the use of

companion plants and (5) the use of alternative foods to improve the mirid bug management,

and finally (6) we discuss strategies for the expansion of mirid bugs as biological control agents

to other horticultural crops other than just tomatoes.

Keywords: Miridae, Nesidiocoris, Macrolophus, Dicyphus, biological control
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1 INTRODUCTION

Mirid  bugs  or plant bugs  (Hemiptera:  suborder Heteroptera)  are polyphagous insects  with

diverse  feeding  strategies,  ranging  from  strict  phytophagy  to  almost  exclusive  zoophagy.

Members of the Miridae family can feed on almost all aerial plant tissues and plant products,

such as pollen and nectar, as well  as many species of arthropod prey and carrion. 1 A wide

group of mirid species are predominantly phytophagous, including those which are considered

major crop pests such as members of the genus Lygus.1 Approximately half of mirid species are

scavengers predators, or facultative predators. Within this last group are the zoophytophagous

species  that  constitute  a  special  case  of  omnivory;  they  feed  on  both  animal  and  plants

resources  during  their  life  cycle.2,3 Bryocorinae,  Deraeocorinae,  Mirinae,  Orthotylinae,  and

Phylinae are subfamilies containing species which exhibit zoophytophagous behavior. Many of

these zoophytophagous species  can efficiently  regulate  herbivore  population densities  and

reduce plant damage caused by a wide range of forest and agricultural pests.1 

In  horticultural  crops,  the  genera  Campyloneuropsis,  Dicyphus, Engytatus,  Macrolophus,

Nesidiocoris, and Tupiocoris of the subfamily Bryocorinae, have been reported to consume a

wide  range  of  prey,  including  aphids,  leafminers,  lepidopterans,  whiteflies,  psyllids,  spider

mites, and thrips (Supporting Information Figure S1). These Bryocorinae can control key pests,

such as the whiteflies,  Bemisia tabaci Gennadius and  Trialeurodes vaporariorum Westwood

(Hemiptera:  Aleyrodidae),  and  the  South  American  pinworm,  Tuta  absoluta Meyrick

(Lepidoptera: Gelechiidae).4 However, to date only three species from this subfamily, Dicyphus

hesperus  Knight,  Macrolophus pygmaeus Rambur, and  Nesidiocoris  tenuis Reuter are being

commercially produced for applied pest management programs and mainly in tomato crops

(Table 1).5 

In  addition to the wide range of  prey  on which mirid  bugs  feed,  their  phytophagous and

oviposition behaviors are especially useful for successful pest management programs. Feeding
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on plant material allows mirids to establish and maintain their populations in the crop during

periods of prey/pest scarcity. Mirid bugs oviposit inside plant tissues, which has enabled the

development of the nursery release strategy (see section 2.2).6  Additionally, plant feeding by

mirid bugs can induce plant defenses through the activation of several metabolic pathways

which results in direct defenses against herbivores, antixenosis, and attraction of parasitoids.7–9

However, in some crops, mirid phytophagy may inflict plant damage when predator population

is high and prey population is low or absent.2 This damage is specific to the mirid species and

its crop host,2 the most well-known example of this being the zoophytophagous mirid N. tenuis

which can cause crop damage in tomatoes.10 

Despite the successful use of predatory mirid bugs in European horticultural pest management

programs, their application in North America and some Asian countries, such as Japan, is much

lower.  The success of these programs in Europe, particularly for the control of  T. absoluta in

tomatoes,4 is  driving other  horticultural  regions  to  adapt  these  strategies  to  suit their

particular growing conditions. The interest in mirid bugs has, therefore, grown exponentially in

recent years.5 Here, we review the current strategies which use predatory mirid bugs, as well

as the constraints preventing implementation in other geographical regions and other crops.

We then discuss six different approaches that could facilitate the implementation of  these

strategies into other horticultural crops with a wider geographic application.
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2 CURRENT STRATEGIES USING PREDATORY MIRID BUGS AS BIOCONTROL AGENTS

The  principle  use  of  predatory  mirids  is  the  augmentative  release  onto  tomato  crops  in

greenhouses.  Dicyphus hesperus is used exclusively in Canada, northern USA and recently in

Mexico,11 M.  pygmaeus is  marketed  in  Europe,  North  and  South  Africa,  and  N.  tenuis is

marketed  in  Europe,  North  Africa,  and  Asia.12 Despite  their  use  in  the  same  regions,  M.

pygmaeus and N. tenuis are used in markedly different areas. Macrolophus pygmaeus is mainly

used in production areas with temperate climates while N. tenuis is used in areas with warmer

climates. This distribution is associated, in part, with the thermal tolerance of both species, 13,14

but also with the predation capacity of  the species.  Nesidiocoris  tenuis is  used in areas of

relatively high pest pressure where its high efficiency as a predator compensates for the crop

damage it can cause.10 In areas where the pest pressure is medium-low it is easily capable of

causing crop damage.15 As such, accidental introductions of  N. tenuis into northern Europe,

and its subsequent establishment, has recently started to cause serious damage in tomato

greenhouses, where it is now considered a pest species.16 The three main strategies for the use

of predatory mirid species as biocontrol agents in pest management are described below. 

2.1 Augmentative release

Augmentative release of mirid bugs is  performed several weeks after transplanting tomato

plants.  Release  rates  vary  between  1-2  adults  per  square  meter.  This  strategy  is  usually

employed in areas with temperate climates (northern areas) or in crops with growing cycles

that start at the end of winter. Due to the low pest population densities at the time of mirid

bug release, it is necessary to add alternative food to support the released individuals. Initially,

eggs of the flour moth Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) were used. Their use

allows mirid bugs to easily establish in the crop since E. kuehniella of high nutritional quality

for mirids.12 Due to the high cost of E. kuehniella eggs, in recent years, a 1:5 weight mixture of

frozen E. kuehniella eggs and cysts of the crustacean Artemia spp. (Anostraca: Artemiidae) is
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being employed. This combination works equally well for the establishment of the mirids at a

considerably lower cost.17 The establishment of the mirids across the cropped area is crucial

for  the  success  of  augmentative  release  programs,  which  rely  on  prevention  i.e.  the

establishment before the appearance of the pest. The period of mirid establishment can last

from 4 to 12 weeks, depending on the release rate and the environmental conditions. Delayed

mirid establishment can lead to the use of chemical treatments. To avoid targeting mirid bugs

along with the pest, it is very important to know the target range of the pesticides used and

their side-effect on mirid bugs. Most commercial companies that produce mirid bugs  supply

their  own list  of  pesticide side effects   which can  help  guild  the  selection of  appropriate

products. During the use of pesticides, it is highly advisable to carry out exhaustive monitoring,

use only selective treatments compatible with mirid bugs, and carry out precision application

directly to infested areas.

2.2 Pre-plant release 

As  mentioned  above,  mirid  bug augmentative  release  programs  can  require a  significant

establishment  period  before  the  strategy  becomes effective.  Augmentative  release  has

therefore  been  ineffective in  areas  where  pest  pressure  is  high  from  the  beginning  of

cultivation (e.g., summer planting crops in southern Europe).  Establishment is then further

disrupted by chemical treatments aimed at the pest.4 To shorten the establishment period and

improve the distribution of mirid bugs in the crop pre-release strategies have been developed.

The mirid bugs are released in seedling nurseries at a rate of 0.5-1 adult mirid bugs per plant

together with alternative prey (E. kuehniella  as mentioned above).6 Plants bearing the mirid

bug  eggs  are  transported  to  the  greenhouse/field;  thus,  achieving  an  even  distribution

throughout the crop. Soon after transplanting, the mirid bug nymphs emerge and rapidly start

to actively search for and control the prey. To ensure establishment, adding alternative food

after transplantation is recommended, especially at low prey densities. In the instance that
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pesticide treatments on the transplanted crop are necessary, it is essential to select chemical

compounds compatible with mirid bugs. The pre-plant strategy is predominantly being used

with N. tenuis and has resulted in very efficient control of the two key tomato pests, B. tabaci

and T. absoluta in greenhouses.4 However, in the pre-plant release strategy and under certain

conditions,  N. tenuis may promptly increase its populations and cause crop damage, such as

necrotic rings on stems and flower abortion. Apart from N. tenuis population levels and prey

density,  other  factors  can affect  the extent  of  N. tenuis feeding damage,  such as cultivar,

environmental  conditions or  the physiological  stage of  the crop.15,18 Therefore,  to properly

implement the pre-plant release strategy, regular monitoring is  required. Unfortunately, to

date, no treatment thresholds to avoid  N. tenuis plant damage have been established. The

decision  to  chemically  treat  against  N.  tenuis is  typically  based  on the  in  the  grower's  or

technician’s experience and aim to reduce  N. tenuis densities, without fully eliminating their

populations.4 Biological  control  companies  which  commercialize  N.  tenuis have  their  own

recommendations on the active substances to be used along with the methods of application.

Therefore, in the pre-plant strategy there is a real need for N. tenuis treatment thresholds to

be established,  that consider  the factors  mentioned above which influence their  ability  to

cause damage.

2.3 Conservation of natural populations

The three commercialized species of mirid bugs along with the others described in Table 2 can

colonized crops from surrounding natural populations.5 Conservation of these populations can

therefore significantly contribute to pest control. In Southern Europe and in open field tomato

crops, different strategies have been developed to recruit mirid bugs and encourage spillover

into the crop, for example the use of companion and/or banker plants which are attractive to

mirid  bugs.19 Nonetheless,  this approach  has  so  far  failed  to  support  sufficient  mirid

populations in the crop to maintain pest populations below economic thresholds. 
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3 APPROACHES TO IMPROVE AND INCREASE THE USE OF MIRID BUGS 

3.1 Exploration and selection of distinct mirid bug species and biotypes

Other mirid bug species have also shown potential for pest regulation. Furthermore, there  are

many non-commercialized mirid bugs whose potential in pest management strategies have not

yet been explored. We focus only on the above mentioned six  Bryocorinae genera, which

contain species of facultative predators. According to the Plant Bug section in the Discover

World Catalogue (https://www.discoverlife.org/mp/20q?guide=Miridae) there are 19 species

of the Campyloneuropsis genus, 60 species of Dicyphus, 28 species of Engytatus, 28 species of

Macrolophus, 25 species of  Nesidiocoris, and 20 species of the  Tupiocoris genus (Supporting

Information Table S1). Additional species of these genera remain undiscovered. For example,

three new species of the Nesidiocoris genus and two of the Dicyphus genus have recently been

described in Japan20 and Spain21, respectively. Considering that only a few species of mirid bugs

have been studied, it is evident that there are still many species to explore and evaluate their

potential as biocontrol agents. The American continents are among the regions most active in

exploring new species of candidate mirid bugs, in particular Brazil, Mexico, Florida (USA), and

Argentina.22–25 In  this  region,  researchers  are  attempting  to  develop  similarly  successful

strategies with mirid bugs under their local growing conditions, as those developed in Europe.

Activity in this research field is expected to increase considerably in the coming years with the

description  and  subsequent  selection  of  new  species  of  interest.  Those  species  must  be

evaluated for their efficacy in pests regulation and for their potential to cause plant damage.

Finally, cost-efficient and reliable mass-rearing systems must be developed.

Another interesting field of  study is the possibility to  select native species and populations

adapted to specific local conditions. There are at least two cases  in which biotypes of one

species display distinct phenotypic performance depending on the geographical area. From
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genotyping studies of  M. pygmaeus with nine microsatellite loci, the existence of three well-

differentiated population clusters has been confirmed: 1) Greece-Turkey, 2) Italy-France, and

3)  the  Iberian  Peninsula  with  Canary  Islands.26 Whether  or  not  there  are  biological  traits

associated with these genetic differences remains unknown. The Greek-Turkish population has

phenotypic  behaviors  distinct  from  the  other  populations  and  can  complete  development

feeding exclusively on tomato plants.27 On the other hand, the European commercial ecotype

which is  included in  the Italy-France cluster  requires  prey  to  complete  its  life  cycle. 28 The

Greek-Turkish population has a low level of genetic diversity and low allelic richness compared

to  the  other  two.  This  low  genetic  diversity  is hypothesized  to  be  due  to  population

bottlenecks and geographic isolation throughout its evolution.26 

Genetic variability  between strains of  the same species is  also seen in  N. tenuis.  In Japan,

natural populations of the local strain of N. tenuis readily colonize horticultural crops, such as

eggplant, cucumber, sweet pepper and tomato, on all of which development is optimal.29 In

the Palearctic region,  N. tenuis displays optimal development only on tomato crops, which it

readily  colonizes from natural populations,10 however does not colonies other horticultural

crops, as in Japan.30  As with M. pygmaeus, there is genetic differentiation between N. tenuis

populations from southern Europe and Japan that could explain these intriguing differences

between strains (M. Chinchilla-Ramírez, IVIA, unpublished results). These results demonstrate

that some species of mirids have genetic differences at the local population level. The study of

these intraspecific traits could lead to the selection or breeding of mirid bug strains adapted to

specific growing conditions. 

3.2 Miridae-induced plant defenses

As zoophytophagous mirid bugs meet their nutritional requirements by feeding on both plants

and pests.  The  flexible  piercing-sucking  mouthparts  inject  saliva  to  digest plant  tissue and

extract the cell content via extraintestinal digestion. Such a wounding mechanism has been
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demonstrated to induce plant defenses that activate the production of secondary metabolites

and proteins that are toxic, repellent, and/or act as anti-feedants against herbivores (direct

defenses).  In addition,  feeding by mirids  triggers the production and release of  herbivore-

induced plant volatiles (HIPVs) which can alter the behavior of both phytophagous pests and

natural  enemies  (indirect  defenses).  Recent  research  has  shown  that  several  species  of

zoophytophagous predators  used in  biological  control  are  capable  of  inducing  defenses  in

various horticultural crops, such as sweet pepper and tomato (Figure 1 and 2).7–9,31–33 

Firstly, plant feeding by N. tenuis shown to activate the abscisic acid, salicylic acid and jasmonic

acid  metabolic  pathways in  tomato plants.  Activated plants were not  as  attractive for  the

whitefly  B. tabaci and yet were more attractive for the whitefly parasitoid  Encarsia formosa

(Gahan)  (Hymenoptera:  Aphelinidae)  when  compared  to  intact,  uninduced  plants. 7

Furthermore, the HIPVs emitted by N. tenuis-induced plants cause activation of the jasmonate

pathway in nearby intact tomato plants, plants which had not been previously exposed to N.

tenuis, also making them more attractive for parasitoids.7 Immatures (or nymphs) and adults

were  confirmed  to  trigger  these  defense  responses.34 Interestingly,  the  ability  to  induce

defense responses in  tomato plants is  species dependent.  While N. tenuis-induced tomato

plants are repellent for  B. tabaci and  T. absoluta,  M. pygmaeus and  D. maroccanus-induced

tomato  plant  defenses have  no  effect  on  the  repellence  of  B.  tabaci but even  attract  T.

absoluta.8 Conversely, the phytophagy of the three mirid bugs results in the attraction of  E.

formosa.  The HIPVs involved in  M. pygmaeus and  N. tenuis-induced tomato plant defense

responses have been identified:  six  green leaf  volatiles (GLVs),  methyl  salicylate,  and octyl

acetate.35 N. tenuis-induced plants emit more volatiles than plants induced by  M. pygmaeus.

The six GLVs and methyl salicylate repelled  B. tabaci and attracted  E. formosa.  However,  T.

absoluta did not respond to any of these HIPVs. These results clearly demonstrate how mirid

bug herbivory can modulate the preference of pests and/or natural enemies. Possible practical

applications of these compounds for pest management need further exploration. 
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Likewise, in sweet pepper, the phytophagy of  N. tenuis and  M. pygmaeus triggered volatiles

similar to those emitted by tomato plants. Those volatiles repelled  B. tabaci and the thrips

Frankliniella  occidentalis (Pergande)  (Thysanoptera:  Thripidae),  while  they  attracted  E.

formosa.31 Tomato and pepper plants previously induced by the phytophagy of N. tenuis or M.

pygmaeus, compared to unexposed tomato or sweet pepper plants, had significantly lower

two-spotted  spider  mite  Tetranychus  urticae Koch  (Acari:  Tetranychidae)  and  B.  tabaci

infestations.9,31,32 In addition, the phytophagous behavior of N. tenuis and M. pygmaeus plants

can decrease the multiplication of economically important viruses in horticultural crops. In N.

tenuis and M. pygmaeus activated pepper plants, the Tomato Spotted Wilt Virus (TSWV) was

affected by the activation of the jasmonate and salicylate pathways.33 

Defense  induction may  explain,  in  part,  the great  success  of  IPM  strategies  based on the

release, establishment, and conservation of predatory mirid bugs. It is clear that the capacity

to  induce  defenses  is  undoubtedly  an  added  value  that  predatory  mirid  bugs  possess.  If

properly managed, that capacity could  offer an excellent tool  to increase the resilience of

crops to herbivory and plant diseases. For example, mirid bugs could be used  to inoculate

plants as a type of vaccine so the plants reach the cultivation site with their defenses activated

giving them some initial protection against pests. In sweet peppers, N. tenuis-induced defenses

can last up to 14 days.31 Given that there are differences in the effects of defense induction

between species of mirid bugs and the apparent species specific dependence of the induction,

the capacity to induce defenses could be a trait to explore when evaluating the potential of a

new species of predatory mirids. This is relatively novel research; thus, there is still much to

develop in this field. However, possible negative interactions of mirid-induced defenses must

also be taken into account,  such as quantifying the plant metabolic  cost  to activate these

defense mechanisms or  whether this  activation can unleash other  undesirable  effects.  For

example, the plant damage caused by  M. pygmaeus in  tomato is  significantly  worse when

plants  are  already  infected  with  the  Pepino  Mosaic  Virus  (PepMV).36 This  is  related  to
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antagonisms  between  plant  defenses.  This  damage  may  be  mediated  by  the  antagonistic

effects  of  salicylate-mediated  responses  on  jasmonate-mediated  responses,  since  PepMV

infection induces the salicylate defence pathway,37 while  M. pygmaeus mainly activates the

jasmonate pathway.8

The relationships between beneficial microbes and predatory mirids constitute another area of

research  related  to  plant  defenses.38 Tomato  plants  colonized  by  the  endophytic  fungi

Fusarium solani strain  K  diminish  the  capability  of  N.  tenuis to  cause  plant  damage.  This

relationship could be due to the upregulation of ethylene and jasmonate pathways induced by

F. solani.38 With a deep understanding of the relationships between endophytes and predatory

mirids researchers will be able to take advantage of the benefits offered by the interactions of

these species.

3.3 Genetic improvement 

A renewed interest  in  genetic improvement of  natural  enemies has emerged to overcome

some of the limitations that hinder further adoption of mirid bugs in biological control.3,39,40

Mirid bugs possess certain biological traits which can be potentially improved. There is already

evidence suggesting that there is variation which makes selection of distinct strains possible.

The existence of genetic and phenotypic variability for a desired biological trait and the use of

artificial selection pressure allow selection and improvement of a desired trait in a population.3

The  phytophagous  behavior  of  Campylomma  verbasci (Meyer)  (Hemiptera:  Miridae)  is

associated with genetic differences. The phenotypic variation of this species was screened and

different degrees of phytophagy were found to be associated with different isofemale lines.41

The isofemale line approach consists of establishing several lines, each from a single mated

female,  and  the  quantification of  the desired  traits  in  several  offspring  produced  by  each

female. This methodology is currently being applied to  N. tenuis for the selection of strains

with distinct degrees of phytophagy and zoophagy.42 The complete genomic code of N. tenuis
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has recently  been released.43 It  will  significantly  advance our understanding of  the genetic

framework associated with relevant biological traits. 

Another approach of interest to genetically improve mirid bugs is the use of artificial selection

pressure with strains from distinct geographical locations. There are already promising results

with  Orius  laevigatus Fieber  (Hemiptera:  Anthocoridae)  strains  from  distinct  areas  of  the

Mediterranean basin. The lines have been selected for increased body size44 and tolerance to

certain insecticides.45 Undoubtedly, the artificial selection processes applied to  O. laevigatus

could be applied to mirids. However, it is crucial to evaluate the potential trade-offs among

traits of interest when genetically improving predatory mirids. The improvement in one trait

may cause a non-desired change in another which could constrain genetic improvement in

certain directions. 

Artificial genetic selection and improvement in mirid bugs could focus on various biological

traits of interest; some of which are summarized in table 2. In the following sections we have

highlighted five issues  where genetic improvement  could  provide solutions  to  the  current

bottlenecks that limit the use of mirid bugs.

3.3.1 Pesticide compatibility

When mirid bug populations are not yet established in the crop one of the limitations to their

use is their incompatibility with many chemical pesticides. The availability of mirid strains with

tolerance to some insecticides would allow better management of pest populations at  the

early stage of the crop. Populations, such as whiteflies, which pose the additional risk of virus

transmission, could be chemically controlled without affecting the establishment of the mirids.

The selection should be focused on specific active ingredients or to a specific mode of action,

making sure that there are always other active substances available to reduce the predatory

mirid populates should their populations increase enough to cause crop damage. There are

more insecticide  resistance  cases  in  which genetic  selection could  be  adapted to  produce
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natural enemies, such as those of mirid bugs (see ref. 39 for more cases). This genetic selection

approach at population level has already been successful in populations of the predator  O.

laevigatus.  They  are  resistant  to  neonicotinoids,45 thus,  suggesting  pesticide  resistance

selection could also be possible in mirid bugs.

3.3.2 Plant damage reduction

Perhaps one of the most problematic limitations in mirid bug use is their ability to cause crop

damage.  As  mentioned  above,  variation  in  this  trait  could  be  associated  with  genetic

differences, and could, therefore, be subject to selection and improvement.41 Access to strains

with less phytophagous behavior would allow higher mirid bug populations without the risk of

crop damage. Currently, there are several research projects in progress with the objective to

determine the possibilities of improvement of this trait in  N. tenuis.42 In one of them, using

isofemale lines of  N. tenuis, genetic variation of the feeding behavior, both phytophagy and

zoophagy, was quantified.46 Nesidiocoris tenuis ability to produce necrotic rings and wilting on

tomato plants differ across isofemale lines, as well  as predation on  E. kuehniella eggs. The

lower  heritability  obtained  for  phytophagy  when  compared  to  zoophagy  suggest  that

phytophagy could be more challenging to target in breeding programs, due to the interaction

of several factors as mention above, whereas the variation found for zoophagy-related traits is

promising for the biocontrol practice. 

3.3.3 Continuous presence in crops

One of the characteristics that makes mirid bugs unique in the biological control of pests is

their ability to establish themselves and maintain their populations in periods of prey shortage.

Their capacity to withstand periods of starvation and their biotic potential could be improved

when alternative feeding supplementation is offered. All mirid bugs with predatory behavior

accept  E.  kuehniella as  a suitable alternative prey.47 However,  its  use in field conditions is

usually  expensive,  therefore,  it  is  mixed,  for  example,  with  Artemia spp.  cysts.48 Better
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establishment  and  maintenance  of  mirid  populations  could  be  guaranteed  by  developing

predatory mirid bug strains that could withstand periods of prey scarcity when fed  Artemia

spp. or other food supplements, such as pollen or sugars.

3.3.4 Adaptation to certain environmental conditions

Extreme environmental conditions, specifically temperature and humidity, are unfavorable for

the performance of predatory mirids. There is evidence that distinct strains of the same mirid

species have different susceptibilities to climatic conditions. For example, nymphal survival of

N.  tenuis from  the  temperate  region  of  Suwon  (Republic  of  Korea),  is  double at  lower

temperatures  that  of  the strain  from  a  sub-tropical  region of  Miyazaki  (Japan).49 In

southeastern Spain,  N. tenuis is usually released on tomato in the nursery in summer during

long growing cycles that run for more than 10 months.6 Under these temperature conditions (≥

30 ºC), and the associated prey availability during this summer period,  N. tenuis can readily

establish in the crop. Under these growing periods, populations of  N. tenuis are efficiently

maintained until the onset of winter, which is associated with a drop in temperature, when the

population declines. After winter, the recovery of  N. tenuis population densities is slow, and

they typically fail to reach sufficient population levels to prevent damage from pests such as,

B. tabaci and, T. absoluta, which colonize the crop during this period. Therefore, it would be

pertinent to select and produce N. tenuis populations that better resist low temperatures and

consequently  recover  quicker.  Conversely,  M.  pygmaeus is  not  very  tolerant  to  high

temperatures above 30 ºC;13 thus, in warm periods this predatory mirid bug tends to suffer in

tomato crops. For this  reason,  M. pygmaeus strains adapted to high temperatures near or

above 30 ºC would also be of interest for selection. Finally, breeding predatory mirid bugs

adapted to greater thermal ranges would also extend the use of mirid bugs to outdoor crops.
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3.3.5 Increasing crop host spectrum

Currently, the use of mirid bugs in horticultural crops is mostly limited to tomatoes; their use

in other crops is almost inexistent, with the exception of restricted use in eggplant and melon.

However, there is technical evidence to support the possibility of mirid bug use in other crops,

such as sweet pepper and/or other cucurbits.20,31 Therefore, selecting strains for use in crops

other than tomato would be another feature of great interest.

3.4 Use of companion plants 

The use of companion plants specifically selected and grown in close proximity to the crop has

been studied for three main purposes. The first is to recruit naturally-occurring predatory mirid

bugs from  surrounding populations. The second use is to establish and maintain mirid bug

populations within the crop during periods of pest scarcity. The third purpose is to reduce the

plant damage mirid bugs cause. 

The recruitment of naturally-occurring predatory mirid bugs  from surrounding populations is

strongly linked to  landscape composition.  The more complex the agroecosystem, i.e.  crops

surrounded by corridors of natural vegetation, herbaceous margins, uncultivated areas, and/or

woodlands, the greater the probability of finding predatory mirids.28,50 The proximity of host

plants  that  serve  as  refuges  for  mirid  bugs  during  the  winter  months  also  increases  the

probability of spillover onto the crop.51 

In the Mediterranean basin, mirid bugs have been found in non-cultivated refuge plants from

where they move to the crops.  Dittrichia viscosa L. (Asteraceae) and  Calendula officinalis L.

(Asteraceae),  both with  wide  distribution within  the  Mediterranean  basin,  are  typically

associated  with  M. pygmaeus.52 As  such,  both are  now used  as  companion  plants  for  M.

pygmaeus.52,53 Their use as  companion plants enhances the appearance and facilitates faster

establishment of  M. pygmaeus in newly transplanted crops.19 In Canada, the use of mullein,

Verbascum thapsus L.  (Scrophulariaceae),  as a companion plant was found to increase the
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populations of  D. hesperus;  and as such it is recommended to facilitate the establishment of

this species in the crop.54 

Dittrichia viscosa and Sesamum indicum (L.) (Pedaliaceae) have been proposed as companion

plant  species  for  N.  tenuis.55 The  use  of  sesame is  of  particular  interest  as  N.  tenuis can

complete its entire life cycle feeding only on this plant. Furthermore, the use of sesame as a

companion plant at a ratio 1:5 (sesame: tomato) reduced N. tenuis damage while maintaining

its  predation  capacity.55 These  results,  all  together,  are  promising  and  encourage  further

development of this type of research. 

Further research is necessary on how the composition of the wider landscape can improve the

conservation of natural populations of mirid bugs. At the same time, it  is also pertinent to

identify more plant species for use as companion plants within the copped area, facilitating

dispersal onto the crop, and vice versa. Thus, populations of mirid bugs could be maintained

within the crop, and/or plant damage could be reduced without providing hosts for pests of

the crop of interest.

3.5 Alternative foods to improve field performance

The most  efficient  factitious prey  is  the eggs  of  E.  kuehniella.  On this  prey  all  mirid  bugs

reproduce optimally with the adequate oviposition substrate.12 The search for alternatives has

been a priority in mirid bug research (Table 3). Among the alternatives, the use of Artemia spp.

cysts has had the most practical use. 

A reduction in plant damage caused by N. tenuis has been made possible by offering sugars.56

The sugars could be offered either using hydrocapsules filled with sugars or, in field conditions,

by directly treating with sugars with antifungal additives. The use of sugars can be a double-

edged sword in the case of N. tenuis as it improves establishment and reduces damage from

N. tenuis. However, the addition of sugars also enhances N. tenuis fecundity47 which results in
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a considerable increase in populations. This increase could result in increased crop damage if

the population were to run out of prey or alternative food. The possible implications of the use

of  sugars  in  other  less  damaging  species  of  mirid  bugs  has  yet  to  be  explored.  The

incorporation  of  alternative  foods  is  currently  one  of  the  main  challenges  to  tackle  at  a

practical level in field conditions but can undoubtedly result in increased mirid use. 

3.6 Expanding the use of mirid bugs to other crops 

The  intrinsic  characteristics  of  these  natural  enemies  make  them  ideal  candidates  for

developing  pest  control  strategies  in  crops  other  than  tomatoes,  eggplants,  and  melons.

Furthermore, as mentioned in section 3.1, there are still a large number of mirid bug species

whose biological potential has not yet been explored. Thus, it seems highly possible that some

of them could be adapted to serve in other horticultural crops. The species known to date can

still be evaluated for use in other crops. For example, the use of mirid bugs could be feasible in

the cultivation of sweet peppers in Europe. Firstly, the possible role that mirid bugs could play

in  the  control  of  aphids,  one  of  the  current  challenges  in  the  cultivation of  pepper,  was

explored. Several species of mirid bugs are capable of regulating the populations of aphids in

pepper.57 Secondly,  under  various  crop  conditions  both  N.  tenuis and  M. pygmaeus were

capable of controlling the two key pests of sweet pepper, the whitefly, B. tabaci and the thrips,

F.  occidentalis.58 In  addition,  the  use  of  both  predatory  mirid  bugs  in  sweet  pepper  is

compatible with the use of the predatory phytoseiid Amblyseius swirskii Athias-Henriot (Acari:

Phytoseiidae), as they do not engage in detrimental intraguild predation interactions.59 These

results suggest that pest management in sweet pepper could be based on the release of  A.

swirskii in combination with a species of predatory mirid. The release of these two natural

enemies, N. tenuis in warm conditions or M. pygmaeus in temperate conditions, could regulate

the three key pests for this crop, thrips, whiteflies, and aphids. However, to date, the use of

mirid bugs in sweet peppers is practically inexistent.
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4 EPILOGUE

Zoophytophagous mirid bugs have proven to be a group of natural enemies of great interest in

horticultural  crops with a wide range of  possibilities  for pest  control  improvement.  In this

review, some approaches have been proposed. If developed properly, those approaches could

promote the use of this group of natural enemies in other horticultural crops. To date, the

knowledge foundations have been laid to allow an increase in the use of mirid bugs. However,

to address and practically implement all the approaches and strategies brought up here, more

research is still necessary in this field from both the public and private sectors. 
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Table 1. Main species of predatory mirid bugs in use or studied for their biocontrol potential in
horticultural crops.

Distribution Barcode gene
sequence 

Commercial
availability
(first use)

Campyloneuropsis infumatus Carvalho Neotropical No No

Dicyphus bolivari (Wagner) Palearctic Yes No

D. geniculatus (Fieber) Neotropical No No

D. tamaninii (Wagner) Palearctic Yes No

D. errans (Wolff) Palearctic Yes No

D. hesperus Knight Nearctic Yes Yes (1995)

Engytatus varians Distant Neotropical No No

Macrolophus basicornis Stål, Neotropical No No

M. costalis Fieber Palearctic Yes No

M. pygmaeus Rambur Palearctic Yes Yes (1994)

Nesidiocoris callani (Odhiambo) African tropical Yes No

N. tenuis (Reuter) Cosmopolitan Yes Yes (2003)

N. volucer Kirkaldy African tropical Yes No
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Table 2. Potential traits to be considered in predatory mirid  bugs which could overcome the

limiters of their  use as biological  control  agents in horticultural crops.  Table adapted from

Bielza et al.39 

Challenge Selection traits Potential achievement

Pesticide compatibility Pesticide resistance Increased use of mirid bugs 

Plant damage reduction Balanced phytophagy To tolerate higher thresholds
of N. tenuis populations

Continuous  presence  in
the crop

Acceptance of food 
supplementation

Fitness, feeding, and alternative
food

Starvation resistance

Improve establishment 

Increase the conservation in
periods of prey scarcity 

Adaptation  to  certain
environmental conditions

Thermal requirements

Relative humidity range

Tolerance  to  extreme
temperatures

Improve  the  use  of  mirid
bugs  in  long-cycle  crops
without heating

Increase  the  use  of  mirid
bugs in outdoor crops

Increasing  crop  host
spectrum

Acceptance  of  food
supplementation

Fitness, feeding, and alternative
food

Resistance  to  plant  defense
mechanisms

Starvation resistance

Crop suitability 

Balanced phytophagy

Increase  the  use  of  mirid
bugs  beyond  the  tomato
crop
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Table 3. List of alternative foods to Ephestia kuehniella eggs tested in species of predatory 

mirid bugs and their possible practical applications.

Mirid species Alternative food Application Ref.*
D. errans Artemia spp. Rearing purposes 1

Milk powder
Pollen 

D. tamaninii Meat-based diet Rearing purposes 2,3

M. pygmaeus Artemia spp. Improve establishment in the field and 
rearing purposes

4–6

Pollen Improve establishment in the field and 
rearing purposes

7–9

Egg yolk Improve establishment in the field and 
rearing purposes

7

Meat-based diet Rearing purposes 10

Ceratitis capitata eggs Rearing purposes 11

N. tenuis Sugars Improve establishment in the field, rearing 
purposes, and plant damage reduction

12–14

Artemia spp. Improve rearing and sustain field populations 15,16

Pollen Improve establishment in the field 16

* References are presented in Table S3
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Figure captions

Figure  1.  A  conceptual  model  of  how  the  phytophagy  of  Nesidiocoris  tenuis (left)  and

Macrolophus pygmaeus  (right)  upon tomato plants modifies defensive metabolic  pathways

(JA, SA and ABA) and how the HIPV’s triggered result in varying degrees of plant attractiveness

to pests and natural enemies (Adapted from Pérez-Hedo et al.7,8).

Figure  2.  A  conceptual  model  of  how  the  phytophagy  of  Nesidiocoris  tenuis (left)  and

Macrolophus  pygmaeus  (right)  upon  sweet  pepper  plants  modifies  defensive  metabolic

pathways (JA, SA and ABA) and how the HIPV’s triggered result in varying degrees of plant

attractiveness to pests and natural enemies (Adapted from Bouagga et al.31).
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Figure 1
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Figure 2
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Supporting Information

Table S1. Species of Miridae belonging to the genera  Campyloneuropsis,  Dicyphus,  Engytatus,  Macrolophus,  Nesidiocoris and  Tupiocoris included in the

Checklist of Plant Bugs of the Discover World Catalogue.1 

Campyloneuropsis spp. Dicyphus spp. Engytatus spp. Macrolophus spp. Nesidiocoris spp. Tupiocoris spp.
C. annulatus Poppius
C.  asper (Linnavuori  and
Al-Safadi)
C. cincticornis (Stal)
C. cornuta (Odhiambo)
C. fagoniae (Linnavuori)
C. falciger (Linnavuori)
C. fulva Ribes and Ribes
C. hyalinus (Carvalho)
C. impicta (Linnavuori)
C. infumatus (Carvalho)
C. longulus (Poppius)
C. nigroculatus (Carvalho)
C. pavoniae (Linnavuori)
C. pochalla (Linnavuori)
C. pygmaea (Wagner)
C. rhianos Linnavuori
C. rubroornatus (Poppius)
C. spectabilis (Linnavuori)
C. tacsa (Odhiambo)

D. albonasutus Wagner
D.  alkannae
Seidenstucker
D. alluaudi Vidal
D. annulatus (Wolff)
D.  azadicus Linnavuori
and Hosseini
D. baezi Ribes
D. bolivari Lindberg
D. botrydis Rieger
D. cerastii Wagner
D. cerutti Wagner 
D. constrictus (Boheman)
D. deylamanus Linnavuori
and Hosseini
D. digitalidis Josifov
D. discrepans Knight
D. eckerleini Wagner
D. epilobii Reuter
D. errans (Wolff)
D. escalerae Lindberg
D. famelicus (Uhler)

E. acuminatus (Knight)
E. affinis (Gagne)
E.  andinus (Carvalho  and
Becker)
E. arida (Gagne)
E. aristidesi (Carvalho)
E. confusa (Perkins)
E. cyrtandrae (Gagne)
E. floreanae (Gagne)
E. gummiferae (Gagne)
E. hawaiiensis (Kirkaldy)
E. helleri (Gagne)
E. itatiaianus (Carvalho)
E. lacteus (Spinola)
E.  lysimachiae (Carvalho
and Usinger)
E. marquesanus (Knight)
E. minutus (Knight)
E. modestus (Distant)
E.  nicotianae
(Koningsberger)
E. perplexa (Gagne)

M. aragarsanus Carvalho
M. basicornis (Stal)
M. brevicornis Knight
M. caliginosus Wagner
M. costalis Fieber
M. crudus (Van Duzee)
M. cuiabanus Carvalho
M. diffractus (Van Duzee)
M. epilobii Putshokov
M. ethiopius Cassis
M. glaucescens Fieber
M.  hexaradiatus  Carvalho
and Carpintero
M. innotatus Carvalho
M. klotho Linnavuori
M. longicornis (Poppius)
M. lopezi (Van Duzee)
M. melanotoma (Costa)
M. mimuli Knight
M.  pericarti Heiss  and
Ribes
M. praeclarus (Distant)

N. alkannae (Linnavuori)
N. atricornis (Distant)
N.  brunneicollis
(Linnavuori)
N. caesar (Ballard)
N. callani (Odhiambo)
N. cruentatus (Ballard)
N. dilutus (Odhiambo)
N.  echinopis (Linnavuori
and Al-Safadi)
N. flavoviridis (Linnavuori)
N. floridus (Odhiambo)
N. kristenseni (Poppius)
N. leontion (Linnavuori)
N. longicornis (Linnavuori)
N. macfiei (Poppius)
N. montivaga (Linnavuori)
N. nigricornis (Linnavuori)
N. pallens (Poppius)
N. plebejus (Poppius)
N. poppiusi (Carvalho)
N. pulchricornis (Poppius)

T. agilis (Uhler)
T. annulifer (Lindberg)
T. brachypterus (Knight)
T. californicus (Stal)
T. chlorogaster (Berg)
T. confusus (Kelton)
T. cucurbitaceus (Spinola)
T. diplaci (Knight)
T. elongatus (Van Duzee)
T. killamae Schwartz and
Scudder
T.  mexicanus (Carvalho
and Becker)
T. notatus (Distant)
T. phaceliae (Knight)
T. rhododendri (Dolling)
T. ribesi (Knight)
T. rubi (Knight)
T. rufescens (Van Duzee)
T. similis (Kelton)
T. tibialis (Kelton)
T. tinctus (Knight)
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D. fieberi Stichel
D. flavoviridis Tamanini
D. furcifer Muminov
D. geniculatus (Fieber)
D. globulifer (Fallen)
D. gracilentus Parshley
D. gracilis (Poppius)
D. heissi Ribes and Baena
D. hesperus Knight
D.  hyalinipennis
(Burmeister)
D.  incognitus
Neimorovets 
D. josifovi Rieger
D. lindbergi Wagner
D. linnavuorii Wagner
D. maroccanus Wagner
D. martinoi Josifov
D.  matocqi Ribes  and
Baena
D. melanocerus Reuter
D. montandoni Reuter
D. nigrifrons Reuter
D. orientalis Reuter
D. paddocki Knight
D. pallicornis (Fieber) 
D.  pallidus (Herrich-
Schaeffer)
D. parkheoni Kerzhner
D. pauxillus Muminov

E. phyllostegiae (Carvalho
and Usinger) 
E.  quitoensis (Carvalho
and Gomes)
E. rubescens (Distant)
E. seorsus (Van Duzee)
E. sidae (Gagne)
E. similaris (Carvalho)
E. terminalis (Gagne)
E. tuberculatus (Knight)
E. varians (Distant)

M. punctatus Carvalho 
M. pygmaeus (Rambur)
M. rivalis (Knight)
M. saileri Carvalho
M. separatus (Uhler)
M. tenuicornis Blatchley
M. usingeri (Knight)

N. scutellaris (Poppius)
N. tabaci (Froggatt)
N. tenuis (Reuter)
N.  tuberculifer
(Linnavuori)
N. volucer Kirkaldy
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D. peruanus Carvalho and
Melendez
D.  poneli Matocq  and
Ribes
D. regulus (Distant)
D. rubicundus Blöte
D.  rubusensis Penalver
and Baena
D. sedilloti Puton
D. seleucus Seidenstucker
D. sengge Hutchinson
D. stachydis Sahlberg
D. stitti knight
D. tamaninii Wagner
D. testaceus Reuter
D. thoracicus Reuter
D. tumidifrons Ribes
D. vestitus Uhler

1 Schuh T and Seltmann K, Checklist of Plant Bugs. Discover Life, 2020. https://www.discoverlife.org/mp/20q?guide=Miridae [accessed 16 May 2020]
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Figure S1. Number of scientific publications where the prey species for Campyloneuropsis spp., Dicyphus spp., Engytatus spp., Macrolophus spp., 
Nesidiocoris spp., and Tupiocoris spp. is published, according to the Science Citation Index (SCI) from 1900 to 2020. Values of articles were obtained using 
the Web of Knowledge search engine when using the search separately for the terms “Campyloneuropsis", "Dicyphus ", "Engytatus", "Macrolophus", 
"Nesidiocoris " and "Tupiocoris" which were crossed with "Aphids", "Leafminers", "Lepidopterans", "Psyllids", "Spider mites", "Thrips" and "Whiteflies". Date
of search 12/05/2020
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Table S2. References cited in table 3. 

Ref. Nº Reference

1 Arvaniti KA, Fantinou AA, and Perdikis DC, Plant and supplementary food sources
effect the development of  Dicyphus errans (Hemiptera: Miridae),  Appl Entomol
Zool 53:493–499 (2018).

2 Iriarte  J  and Castane C,  Artificial  rearing  of  Dicyphus  tamaninii (Heteroptera :
Miridae) on a meat-based diet, Biol Control 22:98–102 (2001).

3 Castañé C, Iriarte J, and Lucas E, Comparison of prey consumption by Dicyphus
tamaninii reared conventionally, and on a meat-based diet,  BioControl 47:657–
666 (2002).

4 Castañé C, Quero R, and Riudavets J, The brine shrimp Artemia sp as alternative
prey for rearing the predatory bug Macrolophus caliginosus, Biol Control 38:405–
412 (2006).

5 Vandekerkhove B, Parmentier L, Van Stappen G, Grenier S, Febvay G, Rey M, et
al.,  Artemia  cysts  as  an  alternative  food  for  the  predatory  bug  Macrolophus
pygmaeus, J Appl Entomol 133:133–142 (2009).

6 Brenard N, Sluydts V, Christianen E, Bosmans L, De Bruyn L, Moerkens R, et al.,
Biweekly  supplementation with  Artemia spp.  cysts  allows efficient  population
establishment by  Macrolophus  pygmaeus in  sweet pepper,  Entomol Exp Appl
167:406–414 (2019).

7 Vandekerkhove B and De Clercq P,  Pollen as an alternative or supplementary
food for  the mirid  predator  Macrolophus  pygmaeus,  Biol  Control 53:238–242
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8 Perdikis  D  and  Lykouressis  D,  Effects  of  various  items,  host  plants,  and
temperatures  on  the  development  and  survival  of  Macrolophus  pygmaeus
Rambur (Hemiptera : Miridae), Biol Control 17:55–60 (2000).

9 Put K, Bollens T, Wäckers FL, and Pekas A, Type and spatial distribution of food
supplements  impact  population  development  and  dispersal  of  the  omnivore
predator  Macrolophus  pygmaeus  (Rambur)  (Hemiptera:  Miridae),  Biol  Control
63:172–180 (2012).

10 Castañé C and Zapata R, Rearing the predatory bug Macrolophus caliginosus on a
meat-based diet, Biol Control 34:66–72 (2005).

11 Nannini M and Souriau R, Suitability of Ceratitis capitata (Diptera, Thephritidae)
eggs  as  food  source  for  Macrolophus  pygmaeus (Heteroptera,
Miridae),IOBC/WPRS Bull 49:323–328 (2009).

12 Urbaneja-Bernat P, Alonso M, Tena A, Bolckmans K, and Urbaneja A, Sugar as
nutritional  supplement  for  the zoophytophagous predator  Nesidiocoris  tenuis,
BioControl 58:57–64 (2013).

13 Urbaneja-Bernat P, Mollá O, Alonso M, Bolkcmans K, Urbaneja A, and Tena A,
Sugars as complementary alternative food for the establishment of Nesidiocoris
tenuis in greenhouse tomato, J Appl Entomol 139:161–167 (2015).

14 Urbaneja-Bernat P, Bru P, González-Cabrera J, Urbaneja A, and Tena A, Reduced
phytophagy in sugar-provisioned mirids, J Pest Sci 92:1139–1148, (2019).

15 Owashi Y, Hayashi M, Abe J, and Miura K, Effects of an alternative diet of Artemia
cysts on the development and reproduction of  Nesidiocoris tenuis (Hemiptera:
Miridae), Appl Entomol Zool 55:121–127 (2020).

16 Oveja MF, Arnó J, and Gabarra R, Effect of supplemental food on the fitness of
four omnivorous predator species, IOBC/WPRS Bull 80:97–101 (2012).
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