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Simple Summary: Strawberry is a commercially important crop which is produced and consumed
globally. As there is an increase in economic significance of strawberry production, growers across
the globe face challenges in protecting the crop against insect and mite pests. The damage from insect
pests results in significant yield loss which adversely affects the strawberry industry. To overcome
this situation, management of pests is warranted with reduced impact on the environment and
beneficial organisms. Even though insecticide-driven management practices predominate in the
strawberry production system, the use of non-chemical alternatives is also gaining importance. The
current review is aimed at discussing the important pests of strawberry and various integrated pest
management practices adopted worldwide to reduce the damage impact and improve production.

Abstract: The strawberry crop endures economic losses due to feeding injury from a number of
phytophagous arthropod pests. A number of invasive pests have posed challenges to crop protection
techniques in the strawberry cropping system recently. It is increasingly evident that sole reliance
on chemical control options is not sustainable. In this review, current challenges and advances
in integrated pest management of various strawberry pests are presented. Key pests discussed
include thrips, mites, lygus bug, spotted wing drosophila, seed bug, weevils, aphids, whiteflies,
and armyworms. Several integrated pest management techniques that include use of intercropping,
resistant cultivars, irradiation with gamma rays, use of spectral sensitivity of pests, biological control
agents and natural enemies, and biorational pesticides have recently been reported to be useful in
managing the various strawberry pests. With the increase in world production of strawberry, several
techniques will be necessary to manage the pest complex of strawberry.

Keywords: thrips; mites; lygus; spotted wing drosophila; sap beetles; aphids; armyworms; whitefly;
integrated pest management; biological control

1. Introduction

The strawberry, Fragaria × ananassa Duchesne (Rosales: Rosaceae) management prac-
tices presented in this review focus mostly on the integrated pest management techniques
that have been utilized globally within the last 10 years to tackle strawberry pest issues.
In recent years, development of resistance to several plant protection products used for
managing arthropod pests in strawberries has been reported [1]. In addition to pesticide
resistance development, the incidence of strawberry pests expanding their invasive range
has increased [2–6]. Strawberry remains a high-value crop worldwide and the number of
countries producing this crop is on the rise, as is evident from the increase in its global
production of 7.6 million kg in 2014 to 8.9 million kg in 2019 [7]. Demand for organic
strawberry is also on the rise, which in turn has increased the requirement for informa-
tion regarding alternative pest management options. Growers that succeed in producing
strawberry sustainably in spite of global competitive markets are poised to generate sub-
stantial revenue for their regional and national economies. However, there has been a gap
in knowledge about the latest developments worldwide with regards to review articles
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covering recent strawberry arthropod pest management. Upon searching for review ar-
ticles on Web of ScienceTM and Google Scholar, several articles were found that covered
management tactics but had the following issues: (1) covered only a single pest; (2) were
older than 10 years; (3) were geographically limited to Northern and Central Europe or the
United States. Therefore, the aim of this review article is to present alternative manage-
ment tactics for major arthropod pests of strawberry occurring globally, with potential for
implementation in strawberry pest management.

2. Strawberry Pests and Their Management
2.1. Thrips

Thrips (Thysanoptera: Thripidae) form a complex of species that routinely infest
strawberry, at both vegetative and reproductive stages. Pest thrips species cause damage by
feeding on leaves, flowers, or fruits, resulting in reduced crop yield and quality. Particularly
in strawberry, thrips feeding leads to bronzing, cracking, and cat-facing injuries on the
fruits [5,8]. Although thrips-vectored tospovirus and non-viral diseases are common in
other cropping systems, such instances of transmission have not yet been reported in
strawberry [9]. Even though only 1% of all the thrips species are considered to be serious
pests, they cause immense damage to strawberry production worldwide [9–11]. The major
thrips species that are pests of strawberry include Frankliniella intonsa (Trybom), Thrips
tabaci Lindeman, Frankliniella occidentalis Pergande, Frankliniella bispinosa Morgan, Thrips
palmi Karny, Frankliniella schultzei Trybom, Thrips fuscipennis Haliday, T. imaginis Bagnall,
T. atratus Haliday, and Thrips major Uzel [8,12–15]. Scirtothrips dorsalis Hood is an invasive
pest in the southeastern USA, which became established in this region on strawberry crops
in 2015 [5]. Within a few years of invasion in the USA, S. dorsalis has rapidly spread across
strawberry and horticultural crop-producing regions of the country [16].

Thrips such as S. dorsalis or F. occidentalis are notoriously difficult to manage due to
their small size (1–2 mm) and high reproductive capacity. Moreover, their ability to hide
in small spaces within plants also makes management challenging [17]. In addition, there
is a high probability of movement of thrips to new geographic areas through the trade
of plant materials such as cuttings, seedlings, potted plants, and fresh fruits. Continu-
ous monitoring of thrips pests in the field is essential to implement timely management
strategies. Biocontrol agents such as Neoseiulus cucumeris Oudemans, Stratiolaelaps scimitus
(Womersley), Amblyseius swirskii Athias-Henriot (Arachnida: Phytoseiidae), and Orius spp.
are found to be effective in thrips management along with adequate insecticide spray
treatments [18–20]. Additionally, foliar-dwelling entomopathogenic nematodes, Thripinema
spp. (Tylenchida: Allantonematidae) are also effective in controlling thrips population [18].
Cultural control methods include eliminating the alternative host or weeds in and around
the main crop which can serve as reservoirs for thrips [16].

Thrips management in strawberry is mainly insecticide-driven. Conventional in-
secticides such as spinetoram, cyantraniliprole, flupyradifurone, imidacloprid + lambda
cyhalothrin, and bifenthrin are found to be effective in managing thrips population [10,21].
Research findings suggest that three consecutive applications of neem extract reduced
the thrips population by more than 70% in strawberry, which makes it an alternative for
the reduced use of synthetic pesticide [22]. However, repeated application of insecticides
induces insecticide resistance in thrips, especially with F. occidentalis developing resistance
to organophosphate, carbamate, and pyrethroid insecticides [23,24]. As a result, it is critical
to apply these insecticides in rotation to slow down resistance development in thrips.
Additionally, over usage of synthetic pesticides can also affect the beneficial insects. Hence
it is important to incorporate an integrated pest management approach for thrips which
includes cultural and biological control methods with adequate spray treatments.

2.2. Mites

Tetranychus urticae Koch, Tetranychus cinnabarinus Boisduval, Phytonemus pallidus Banks,
and Polyphagotarsonemus latus Banks (Trombidiformes: Tarsonemidae) are common mite
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pests in strawberry, with T. urticae being the most consistently occurring pest of open-field
and high tunnel strawberry [1,25–27]. With a round and soft body, T. urticae have a body
length of 350 to 1000 µm and are sexually dimorphic, where males can be distinguished
from females by the conical tapering of the caudal end and the larger size of females [28].
Tetranychus urticae have two large dark areas on their abdomen and have variable body
color including red, orange, green, and yellow [26]. These T. urticae adults and nymphs
feed on plant cell chloroplasts and typically develop on the adaxial side of leaves where
they can form complex webbing. Feeding causes pale chlorotic spots, known as stippling,
to appear on the leaves due to the depletion of mesophyll cells, resulting in the breakdown
of plant tissue [28,29]. Tetranychus urticae uses its stylet to secret enzymes from its salivary
gland to aid in the breaking down of plant cells [30]. Additionally, T. urticae are capable of
arrhenotokous parthenogenesis which means that a virgin female can lay unfertilized eggs
that will hatch into males when mature males are unavailable initially during host colo-
nization. Therefore, a single unfertilized female can quickly establish a bisexual population
on the host plant [31].

Monitoring and sampling of T. urticae is the key to its management. Several manage-
ment options for T. urticae exist for strawberry growers. Steam treatments of transplants
can be an effective way of reducing mite populations in the early phase of transplanting.
Temperatures of 48 ◦C have been shown to completely kill adult females after 2.7 h of
exposure and eggs after 1.9 h of exposure [32]. Several predatory mites belonging to the
family Phytoseiidae are sold commercially as biological control agents [33]. A commonly
used mite predator, Phytoseiulus persimilis Athias-Henriot, is a spider mite specialist. It is
known to cause a swift decline of T. urticae populations after application. If miticides
are applied in conjunction with mite predators, it is recommended that growers wait for
7–10 days before releasing the phytoseiid mites onto strawberry plants [26].

Management options using pesticides are available for both conventionally [34] and
organically grown strawberry. Organic products containing azadirachtin, paraffinic oil,
Metarhizium anisopliae strain F52, potassium salts of fatty acids, Isaria fumosoroseus Apopka
strain 97, unsulfonated residue of petroleum oil, neem oil, heat-killed Burkholderia rino-
jensis strain A396, and heat-killed Chromobacterium subtsugae strain PRAA4-1 and spent
fermentation media are viable options for management [35,36].

P. pallidus is a smaller, clear-bodied mite that is ~250 µm in body length. Their eggs
are also clear, oval, and have a smooth surface, and are typically glued to the edge of the
leaf trichomes or trichomes of the fruit calyx, typically on the underside. Unlike T. urticae,
these mites are not visible without magnification. Phytonemus pallidus prefer to feed on
young foliage and are typically found on strawberry trifoliates that are still folded and
developing near the crown [37]. Feeding causes the plant to have a stunted appearance
(compact leaf mass) until the plant eventually turns brown and dies [26]. Flowers can be
damaged at high pest levels, resulting in browning and drying. Fruits may also be affected
by feeding damage and will appear undersized. High densities may prevent fruit from
being produced entirely [28,37]. Adults can overwinter in the crown of strawberry but
in warmer climates they can continue to reproduce through the winter and females are
capable of parthenogenesis [38,39].

Research findings suggest that similar control methods for T. urticae likely affect P. pal-
lidus. Research conducted using hot water treatments found that soaking P.-pallidus-infested
strawberry runners at 46 ◦C for 6.5 min killed P. pallidus [40]. Moreover, commercially avail-
able generalist phytoseiid mites such as Neoseiulus californicus McGregor and Neoseiulus
cucumeris Oudemans have been shown to control phytophagous mites on strawberry [28,39].
For the management of P. pallidus in strawberry, prevention of pest infestation and pest
establishment is a better tactic than crop rescue, owing to limited miticide compounds
available and lack of effective pest suppression. Many miticides labeled for T. urticae are not
labeled for P. pallidus management in strawberry; therefore, manufacturer labels of miticides
should be thoroughly referenced before being included in chemical control programs.
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2.3. Tarnished Plant Bug

The tarnished plant bug, Lygus lineolaris (Palisot de Beauvois) (Hemiptera: Miridae) is
one of the most damaging pests of strawberry [41]. Lygus hesperus Knight is an economically
important pest of strawberry on California’s central coast, whereas Lygus rugulipennis
Poppius affects the late season strawberry production in the UK. Lygus spp. has a very
broad host range, attacking over 25 economic and 117 weed hosts [42]. Strawberry is
not a preferred host; however, Lygus spp. migrate from unmanaged areas during the
late spring as seasonal rains diminish and establish themselves in strawberries and other
crops [43]. Lygus spp. have piercing-sucking mouthparts and cause economic damage to
strawberry primarily by feeding on the achenes, or seeds of developing fruit [44]. This
feeding causes malformation of the fruit, resulting in symptoms described as “cat-facing”.
There is evidence that oviposition by Lygus spp. into the ripening fruit can also cause
cat-facing [43]. Both adult and nymphal Lygus spp. feed on strawberry and contribute to
economic damage.

Adults are about 6 mm long and are a green-brown color with a reddish tint on
the forewings. They have a characteristic triangle in the center of the back that is pale
green. Young nymphs are pale green. Older nymphs develop five black spots on the back:
four arranged between the wing buds and one in the middle of the abdomen. Eggs are
oviposited into plant tissue. Methods for sampling Lygus spp. in strawberry have been
developed [45,46]. Hand-held vacuum devices and beating trays such as a 12-inch (30 cm)
embroidery hoop can be used to sample Lygus spp. [47]. In addition, degree day models
can be used to predict the establishment of Lygus spp. populations in strawberry [48].

Lygus lineolaris is primarily controlled in conventional strawberry production with
broad spectrum insecticides, including pyrethroid, organophosphate, and neonicotinoid
insecticides [49,50]. In addition, newer modes of action including a butenolide (flupyrad-
ifurone), a growth regulator (novaluron), and a pyridinecarboxamide (flonicamid) are
registered for use against Lygus spp. on strawberry. Entomopathogenic fungus, Beauveria
bassiana (Balsamo-Crivelli) Vuillemin can also contribute to Lygus spp. management [51].
An effective push-pull strategy has been described for Lygus rugulipennis management in
strawberry using synthetic semiochemicals [52]. The authors found hexyl butyrate (HB)
to be an effective push element and L. rugulipennis female sex pheromone combined with
phenylacetaldehyde was used as the pull element.

Intensive insecticide use to manage Lygus spp. is disruptive to biological control
programs directed at the management of twospotted spider mites and contributes to the
development of populations of Lygus spp. that are resistant to insecticides [51]. Augmenta-
tive releases of the native egg parasitoid, Anaphes iole Girault (Hymenoptera: Mymaridae)
and Leiophron uniformis (Gahan) (Hymenoptera: Braconidae) have been evaluated for man-
agement of Lygus spp. [53]. The authors found that A. iole has potential as an inundative
biocontrol release agent in strawberry owing to high (~80%) parasitism of L. hesperus at
high release rates. However, the potential of L. uniformis as a biocontrol agent needs fur-
ther investigation as the parasitism of L. hesperus also reached 97% at high release rates
(100 parasitoids/150 nymphs in cage), but the L. uniformis oviposition rate declined with an
increase in parasitoid density, unlike in the case of A. iole. Lygus spp. have been observed to
oviposit proportionally more eggs into the fruit (46.5% of eggs laid) than in other parts of
the plant, but in young fruits where inter-achene distance was the minimum, parasitism by
A. iole was lower (25.4%) than in more developed fruit [43]. The authors concluded that the
fruit offered a refuge for Lygus spp. eggs from parasitism by A. iole, necessitating alternate
strategies for management.

Tractor-mounted suction machines, or bug vacs, have been evaluated alone and in
combination with insecticide applications for management of Lygus spp. [54–56]. A clear
advantage of integrating bug vacs with insecticidal control has not been demonstrated over
sole reliance on insecticides, and in some cases, bug vacs can damage the strawberry crop.
Moreover, the use of trap crops in combination with insecticide sprays or physical control
methods can increase the efficiency in Lygus spp. management. The studies in [41,57] found
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that vacuuming Lygus spp. from the trap crop reduced damage on adjacent strawberry
more than directly vacuuming the crop. In addition, trap crops such as alfalfa (Medicago
sativa L.), can serve as a refuge for natural enemies [58,59].

2.4. Beetles

Sap beetles: Although commonly referred to as sap beetles, this strawberry pest
consortium is made up of several genera and species. Based on research findings, Hap-
toncus luteolus (Erichson), Lobiopa insularis (Castelnau), and Carpophilus fumatus Boheman
(Coleoptera: Nitidulidae) are considered to be the major species of sap beetles associated
with strawberry fruit damage [60,61].

The adults are attracted to and feed on ripening fruit, followed by egg laying by the
females in the soil surrounding the fruit [62]. The sap beetle larvae emerge from eggs
in the soil and feed on the fruits until pupating in the soil. When presented with green,
semi-ripe, and ripe strawberry, L. insularis clearly show preference for semi-ripe and ripe
fruits [63]. The sap beetle L. insularis is a polyphagous species that is associated with
significant economic losses (20–70%) due to strawberry fruit damage in the USA, Brazil,
and Argentina [60,64–66]. In addition to causing direct feeding damage by burrowing into
the semi-ripe and ripe strawberry, these sap beetles facilitate secondary pest infestations
of fruit flies, Drosophila spp. (Diptera: Drosophilidae) and phytopathogens such as fungi,
Rhizopus stolonifer (Mucoraceae) [63].

Although pyrethroids such as bifenthrin and fenpropathrin are labeled for use in
strawberry, the best management practice for sap beetle suppression is maintaining field
sanitation by removing ripe fruits promptly from fields [62]. Since the larvae hatching
from eggs in the soil tend to infest the fruits closest to the soil, strawberry grown on
raised beds with fruits never hanging close to the soil surface will remain least affected
by sap beetle infestation and population establishment. In fact, strawberry cultivars that
hold ripe fruit off the ground were found to sustain significantly less damage from sap
beetles when compared to cultivars that have ripe fruit touching the ground [63]. Moreover,
limiting the use of fungicides by following an environmental-model-based spray program
approach can contribute to 55% reduction in Stelidota geminate (Say) infestation in open-field
strawberry [67].

Weevils: The black vine weevil, Otiorhynchus sulcatus F. (Coleoptera: Curculionidae)
was reported as an invasive pest of strawberry in Finland and human activities were
mainly held responsible for aiding the spread of this wingless beetle there [2]. Typical of
root-feeding weevil pests, the larvae of O. sulcatus reduce plant growth by feeding on the
strawberry roots, which in acute cases may lead to plant wilting and death [68]. In the UK,
neither chemical nor biological control tactics suppressed this pest but host plant resistance
in one cultivar “Symphony” showed lower feeding and oviposition by the adult O. sulca-
tus feeding on the leaves of this cultivar [68]. The root weevil species complex affecting
strawberry includes O. sulcatus, strawberry root weevil, O. ovatus L., clay-colored weevil,
O. singularis L., cribrate weevil, Otiorhynchus cribricollis Gyllenhal, Fuller’s rose beetle, Pan-
tomorus cervinus Boheman, Woods weevil, Nemocestes incomptus Horn, Barypeithes pellucidus
Boheman, and obscure root weevil, Sciopithes obscurus L. [69,70]. Cultural management
of root weevils includes keeping strawberry beds free of weeds and grass. Additionally,
pesticide spray or dust which contains pyrethroids acts as an effective chemical control
option. For biological control, use of entomopathogenic nematode, Steinernema kraussei
(Steiner, 1923), is found effective [71].

The strawberry blossom weevil, Anthonomus rubi Herbst (Coleoptera: Curculionidae)
is an economically important pest of strawberry. In addition to strawberry plants, A. rubi
tend to feed and reproduce on raspberries and rarely on blackberries [72]. A. rubi is
considered to be a key pest of strawberry in the UK and throughout Europe, Asia, and North
Africa [73,74]. Additionally, recent reports document that A. rubi has been established in the
Lower Mainland region of British Columbia, Canada [74]. Adults of A. rubi are relatively
smaller, ranging from 2.5 to 3.0 mm in length. Female A. rubi oviposit eggs singly inside
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the developing flower buds. Soon after oviposition, the females cut off the bud stalk to
prevent bud development and facilitate larval development [75]. The feeding activity of
adult A. rubi results in small deep holes on berries at different stages, causing significant
yield losses.

Research findings suggest that yellow sticky traps combined with synthetic attractants
are efficient for adult monitoring and mass trapping of A. rubi [76]. For management,
periodic removal of severed buds or adults is found to be effective [76]. Parasitoid wasps
from the families Braconidae (Ichneumonoidea) and Pteromalidae (Chalcidoidea) have
been recorded as parasitoids of the larval stages of A. rubi in Europe [74,77]. However,
more studies are warranted to understand the efficacy of these natural enemies as potential
biocontrol agents.

Scarab beetles: In perennial strawberry fields, other root-feeding beetle species in-
clude Popillia japonica Newman, Anomala orientalis Waterhouse, Amphimallon majalis Ra-
zoumowsky, and Maladera castanea Arrow (Coleoptera: Scarabaeidae) [71,72]. Their man-
agement options include crop rotation with “Saia” oats, Avena strigosa Schreb and “Garry”
oats, Avena sativa L., and applying neem oil or insecticidal soaps [71,78].

2.5. Spotted Wing Drosophila

Drosophila suzukii Matsumura (Diptera: Drosophilidae), a native pest of Asia, has
invaded fruit crops in Europe and USA and infests unripe strawberry fruits by laying eggs
inside the fresh fruit before harvest, using their serrated ovipositor [79]. It has now been
reported from the strawberry production regions of Brazil and Africa also [3,80]. This
species is particularly devastating as it completes several generations during a field season
and is capable of causing farmgate value losses of more than USD 500 M [81]. Resistance
to insecticides is an ever-present threat; therefore, alternative pest management tactics are
being investigated. It was found that the fruit fly, Drosophila melanogaster Meigen, a related
species, shows aversion to UV light during oviposition [82]. Inspired by this finding, studies
were conducted to understand the spectral sensitivity of D. suzukii. It was concluded that
there is a preference in females for near-UV range (340, 365, 405 nm) but avoidance of the
blue-green light spectrum (430–565 nm) [83]. This study conducted using strawberry fruit
shows potential in utilizing the preferential phototactic response to ultra-violet light versus
visible light in D. suzukii. Another valuable development comes from the investigation of
107 strawberry cultivars, where the authors reported three cultivars that had significantly
reduced adult D. suzukii emergence until 17 days post-exposure [84]. Additionally, efficacy
of multiple natural enemies on immature D. suzukii has been studied in both the strawberry
and blueberry system. In strawberries, Orius insidiosus (Say) (Hemiptera: Anthocoridae)
along with Heterorhabditis bacteriophora Poinar (Rhabditida: Heterorhabditidae) resulted in
81% reduction of D. suzukii [85].

2.6. Aphids and Whiteflies

Several pests infest strawberry depending on the pest management program, proxim-
ity to other host crops, and field sanitation situation. Aphids (Hemiptera: Aphididae) and
whiteflies (Hemiptera: Aleyrodidae) infesting strawberry fall in this category and cause
yield loss due to feeding on strawberry leaves. Feeding leads to reduction of plant vigor
and vector plant viral diseases (strawberry decline disease) and limits the productivity of
the crop by production of honeydew which leads to sooty mold [86–88]. Several aphid
species infest cultivated strawberry around the world including Aphis ruborum (Börner and
Schilder), Chaetosiphon fragaefolii Cockerell, Aphis forbesi Weed, Aphis gossypii Glover, Myzus
persicae Sulzer, and Macrosiphum euphorbiae Thomas. Whitefly species infesting strawberries
include Trialeurodes vaporariorum Westwood, Aleyrodes spiraeoides Quaintance, and Bemisia
tabaci Gennadius [51,87].

Aphid parasitoids such as Aphelinus varipes (Foerster) (Hymenoptera: Aphelinidae)
and Aphidius colemani Viereck (Hymenoptera: Braconidae) have been found to be associated
with aphid pests and are viewed as important tools in the integrated pest management
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of aphids in strawberry [88]. Several predators such as syrphid flies (Diptera: Syrphidae),
green lacewings (Neuroptera: Chrysopidae), and lady beetles (Coleoptera: Coccinelidae)
are effective in suppressing aphid and whitefly populations. Irradiation of boxed fresh
fruits with gamma rays (100 Gy) has also shown efficacy in management of B. tabaci and
T. vaporariorum [89]. Additionally, biotechnological traps based on an entomopathogenic
fungus, Isaria fumosorosea (Wize) Brown and Smith, have been found to be effective in
controlling B. tabaci adults in strawberry [90].

2.7. Seed Bug

Seed bug, Neopamera bilobata Say (Hemiptera: Rhyparochromidae) is native to North
America and has emerged as an occasional pest of strawberry in USA, Mexico, and Brazil,
as they feed on the achenes of green or mature fruits, leading to fruit injury commonly
described as “cat-facing” or drying and brown staining of strawberry [91–94]. Both adults
and nymphs are actively feeding stages; these injuries make the fruits unmarketable,
especially since adults feed on ripe fruits only whereas nymphs feed on both unripe and
ripe fruits [89]. Fruit availability throughout the field season due to production of day-
neutral strawberry cultivars and dry and warm climate favors the development of multiple
generations of N. bilobata [95]. Although there are some broad-spectrum insecticides
available for management of N. bilobata, intercropping high-tunnel strawberry with garlic
or undercropping with Chinese chives can suppress N. bilobata populations by 64% and
47%, respectively [96]. Traditional plant breeding resulting in strawberry fruits having
seeds recessed into the fruit may provide protection against these achene feeders because
of limited accessibility of the seeds [95].

2.8. Lepidopteran Pests

The major lepidopteran pests of strawberry include Spodoptera frugiperda (J.E. Smith),
Spodoptera eridania Cramer, Spodoptera exigua (Hübner), Agrotis ipsilon (Hufnagel) (Lepi-
doptera: Noctuidae), Duponchelia fovealis Zeller (Lepidoptera: Crambidae), Ancylis comptana
(Frölich), and Acleris comariana (Lienig and Zeller) (Lepidoptera: Tortricidae) [26,97–99]. The
armyworm and cutworm pests may infest strawberry to feed on young foliage. S. exigua
mostly damages strawberries planted in summer and fall. The immatures of S. exigua
initially feed on strawberry foliage and eventually kill the plants by attacking the crown.
Monitoring of S. exigua can be achieved through deploying pheromone traps [97]. Man-
agement can be achieved through cultural practices and biological control agents such as
Hyposoter exiguae (Viereck) or application of commercial formulations of Bacillus thuringien-
sis [26,71].

In fact, in the case of an invasive pest, synthetic pesticides may not even be registered
for use in the invasive range, in which case microbial insecticides may play an important
role in the IPM of such pests. For example, [6] reported that D. fovealis, which is a recently
invasive strawberry pest in Brazil, could not be managed with synthetic chemical products
due to lack of product registration. As an alternative, commercial products based on
the entomopathogenic fungus B. bassiana were tested and found to be compatible for the
IPM of D. fovealis along with biological control agents such as the predatory stink bug,
Podisus nigrispinus Dallas (Hemiptera: Pentatomidae) and the multicolored Asian lady
beetle, Harmonia axyridis Pallas (Coleoptera: Coccinellidae). A. comariana (Lienig and Zeller)
(Lepidoptera: Tortricidae) is a common lepidopteran pest that attacks strawberry crops.
A three-year study conducted in Denmark found that strawberry cropping practices had
a significant impact on A. comariana management. A. comariana was more dominant on
conventional farms than on organic farms and also the infestation was significantly higher
in older fields compared to newer fields [99].

3. Conclusions

Augmentative biological control has emerged as an effective tool to manage several
strawberry pests such as thrips, mites, plant bugs, weevils, spotted wing drosophila, aphids,
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whiteflies, and various lepidopteran pests (Table 1). However, conservation biological
control tactics are yet to be utilized for strawberry pest management widely. The lack of
adoption of conservation biological control can be attributed to the limited field research
and cost-benefit analysis available. Since a successful conservation biological control
program will require habitat manipulation to provide a physiological and behavioral
advantage to natural enemies, future research programs need to be focused on these
aspects. Laboratory research findings need to be expanded to large-scale field studies and
supported with information regarding cost to promote adoption of this technology.

Table 1. Summary table of pest management techniques for strawberry pests.

Strawberry Pest Management References

Thrips
Scirtothrips dorsalis Hood
Frankliniella occidentalis Pergande

Biological Control
Predators:

• Neoseiulus cucumeris Oudemans,
• Stratiolaelaps scimitus (Womersley),
• Amblyseius swirskii Athias-Henriot,
• Orius spp.,
• Thripinema spp.

Cultural Control
Eliminating the alternative host or weeds
Chemical Control

• spinetoram,
• cyantraniliprole,
• flupyradifurone,
• imidacloprid + lambda,
• cyhalothrin, bifenthrin,
• neem extract

[18–20]

[16]

[10,21]

[22]

Mites
Tetranychus urticae Koch

Phytonemus pallidus Banks

Physical Control
Steam treatment at 48 ◦C for 2.7 h for adults and 1.9 h for eggs.
Biological Control
Predators:
Phytoseiulus persimilis Athias-Henriot.
Neoseiulus californicus McGregor
Biopesticides:

• Metarhizium anisopliae strain F52,
• Isaria fumosoroseus Apopka strain 97,
• heat-killed Burkholderia rinojensis strain A396,
• heat-killed Chromobacterium subtsugae strain PRAA4-1

Chemical Control

• azadirachtin,
• paraffinic oil,
• potassium salts of fatty acids,
• unsulfonated residue of petroleum oil,
• neem oil

Physical Control
Steam treatment at 46 ◦C for 6.5 min
Biological Control
Predators:

• Neoseiulus californicus McGregor,
• Neoseiulus cucumeris Oudemans

[32]

[26,33,100]

[34–36]
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Table 1. Cont.

Strawberry Pest Management References

Tarnished Plant Bug
Lygus lineolaris (Palisot de Beauvois)
Lygus rugulipennis Poppius

Physical Control
Tractor-mounted suction machines
Biological Control

• Beauveria bassiana (Balsamo-Crivelli) Vuillemin
• Anaphes iole Girault

Cultural Control
Trap crop, Medicago sativa L.
Chemical Control

• hexyl butyrate + phenylacetaldehyde for Push-Pull Strategy

• flupyradifurone,
• novaluron,
• flonicamid,
• pyrethroids,
• organophosphates,
• neonicotinoids

[54–56]

[51]

[53]

[41,58,59]

[52]

[49,50]

Beetles
Sap Beetles
Haptoncus luteolus (Erichson), Lobiopa
insularis (Castelnau), Carpophilus fumatus
Boheman, Stelidota geminate (Say)

Weevils
Otiorhynchus sulcatus F., O. ovatus L., O.
singularis L., Otiorhynchus cribricollis
Gyllenhal, Pantomorus cervinus Boheman,
Nemocestes incomptus Horn, Barypeithes
pellucidus Boheman, Sciopithes obscurus L.

Anthonomus rubi Herbst

Popillia japonica Newman, Anomala
orientalis Waterhouse, Amphimallon majalis
Razoumowsky, Maladera castanea Arrow

Host Plant Resistance
Cultivars with ripe fruits not touching the ground
Cultural Control
Field sanitation by removal of ripe fruits
Chemical Control

• Pyrethroids
• Limiting fungicide application by using environmental-

model-based spray program.

Biological Control
Entomopathogenic nematode, Steinernema kraussei (Steiner, 1923)
Host Plant Resistance
Cultivar “Symphony” showed lower feeding and oviposition.
Cultural Control
Strawberry bed sanitation by removal of weeds and grass.
Chemical Control

• Pyrethroids

Physical Control

• Yellow sticky card combined with synthetic attractants for adult
monitoring and mass trapping.

• Periodic removal of severed buds or adults.

Biological Control

• Braconidae
• Pteromalus swederus

Cultural Control
Crop rotation with “Saia” oats, Avena strigosa Schreb and “Garry”
oats, Avena sativa L.
Chemical Control

• Neem Oil
• Insecticidal Soaps

[63]

[62]

[62]

[67]

[68,71]

[76]

[77]

[74]

[71,78]
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Table 1. Cont.

Strawberry Pest Management References

Spotted Wing Drosophila
Drosophila suzukii Matsumura

Physical control
Utilizing ultraviolet light; blue-green light spectrum (430–565 nm)

Biological control
Orius insidiosus (Say) along with Heterorhabditis bacteriophora Poinar

[83]

[85]

Aphids and Whiteflies
Aphid spp.

Trialeurodes vaporariorum Westwood
Bemisia tabaci Gennadius

Biological Control

• Aphelinus varipes (Foerster)
• Aphidius colemani Viereck
• Syrphid flies
• Green lacewings
• Lady beetles

Physical Control
Irradiation of boxed fresh fruits with gamma rays (100 Gy)
Biological Control

• Isaria fumosorosea (Wize)
• Syrphid flies
• Green lacewings
• Lady beetles

[88]

[89]

[90]

Seed Bug
Neopamera bilobata Say

Cultural Control
Intercropping with garlic or undercropping with Chinese chives

Host plant resistance
Traditional plant breeding for varieties with seeds recessed into
the fruit

[96]

[95]

Lepidopteran Pests
Spodoptera exigua (Hübner)

Duponchelia fovealis Zeller

Acleris comariana (Lienig and Zeller)

Physical control
Deploying pheromone traps
Biological control
Predator:
Hyposoter exiguae (Viereck)
Biopesticide:
Commercial formulations of Bacillus thuringiensis

Biological control
Beauveria bassiana (Balsamo-Crivelli) Vuillemin along with Podisus
nigrispinus Dallas and Harmonia axyridis Pallas

Cultural Control
Improve strawberry cropping practices as less pest pressure
experienced in organic strawberry and newer fields compared to
conventional strawberry and older fields

[26]

[71,97]

[6]

[99]

With the growing demand for organic strawberry across the globe, biological control
has the potential to provide a sustainable pest management solution. We have a wealth of
baseline information regarding potential of different species of flowering plants to function
as insectary plants around strawberry fields. For example, pollen from strawberry, Urtica
urens, Lamium amplexicaule, Convolvulus arvensis, Sonchus oleraceous, and Galega officinalis
supports the development of predatory mite, N. californicus, to adulthood but does not
support its reproduction [100]. For development and reproduction, N. californicus need to
be supplemented with prey items such as T. urticae and thrips. This information can assist
in the adoption of habitat manipulation programs that can sustain the development and re-
production of natural enemies to minimize chances of pest resurgence in strawberry fields.
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