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Abstract

Eurydema ventralis Kolenati, 1846 (Hemiptera: Pentatomidae), commonly known as the
cabbage stink bug, is an increasingly important pest in Brassicaceae crops across Europe,
including Slovenia. This review provides a comprehensive synthesis of current knowledge
on the taxonomy, biology, distribution, and economic impact of Eurydema ventralis, with
a focus on cabbage (Brassica oleracea L. var. capitata) cultivation. Various monitoring and
population assessment methods are discussed as foundational tools for implementing
integrated pest management (IPM). The focus of this study is on the available control strate-
gies, including chemical, biological, cultural, and mechanical approaches. While synthetic
insecticides remain a commonly used option, their environmental impact, potential for
resistance development, and non-target effects raise concerns. Increasing research attention
is being given to biological control agents, such as egg parasitoids, generalist predators
(e.g., Coccinellidae, Carabidae, Nabidae), and entomopathogenic fungi. These agents show
considerable promise but are not being fully utilized at present. A further review of cultural
practices and mechanical control methods is also undertaken for their role in reducing
pest populations. The compatibility of different strategies within an IPM framework is
examined in detail. In conclusion, this review identifies existing knowledge gaps and puts
forward a number of recommendations for future research directions. The purpose of these
recommendations is to support the development of more sustainable and ecological pest
management solutions for E. ventralis in cabbage cultivation.

Keywords: cabbage; Brassicaceae; stink bug; integrated pest management; monitoring;
biological control; insecticide resistance; cultural practices; sustainable agriculture

1. Introduction
Cabbage (Brassica oleracea L. var. capitata) is one of the most extensively cultivated veg-

etable crops in Central Europe, with annual production in the region exceeding several million
tons [1]. Poland, Germany, and the Czech Republic are among the foremost producers in
the European Union, contributing substantially to both domestic consumption and export
markets [2]. Cabbage plays a significant role in regional agricultural systems, and its eco-
nomic value extends beyond fresh consumption to processing industries. Nevertheless, the
cultivation of cabbage is facing mounting challenges from a variety of insect pests. Among
these, the cabbage stink bug (Eurydema ventralis Kolenati, 1846) (Hemiptera: Pentatomidae) is
of particular concern, as it is becoming increasingly prevalent and significant [1,3,4].
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E. ventralis, a pentatomid cabbage stink bug, is distinguished by its bright coloration.
It is a specialist herbivore that feeds on cruciferous plants, including economically signifi-
cant crops such as cabbage, kale, and mustard. The pest’s feeding behavior involves the
puncturing of leaves and stems in order to extract the juices of the plant. This results in
the formation of pale, discolored spots, tissue collapse and, in certain instances, deforma-
tion of developing heads [5]. Although historically considered a sporadic or minor pest,
recent faunistic records from several Central European countries—including the Czech
Republic, Slovenia, Austria, and Ukraine—indicate a broader distribution and increasing
frequency of observations of E. ventralis, pointing to its emerging importance in Brassi-
caceae crops [3,4,6,7]. In specific regions, infestation levels have been observed to result
in visible damage to up to 30–40% of plants in untreated fields [8]. This phenomenon
has given rise to concerns among both conventional and organic growers. The increasing
impact of E. ventralis in Central Europe is likely linked to a combination of factors, includ-
ing milder winters, longer growing seasons, and changes in cropping patterns that favor
Brassica monocultures [9]. Moreover, the shift towards more environmentally sustainable
pest management strategies, such as the reduced utilization of broad-spectrum insecticides
in accordance with integrated pest management (IPM) guidelines and the emergence of
organic farming, has given rise to management gaps for pests such as E. ventralis, which
are not consistently effectively addressed by current methodologies [10,11].

Despite its recent emergence as a notable pest in Brassica crops, the cabbage stink
bug (Eurydema ventralis) has received relatively little scientific attention compared to other
pests such as Plutella xylostella (L.) (Lepidoptera: Plutellidae) and Brevicoryne brassicae (L.)
(Hemiptera: Aphididae). Knowledge of its biology, life cycle, population dynamics, and
management remains limited, particularly under Central European conditions. As a result,
many growers still rely on broad-spectrum plant protection products or lack region-specific
guidelines—leading to inconsistent or excessive pest control measures.

This review aims to consolidate existing knowledge on the occurrence, biology, feeding
behavior, and economic impact of E. ventralis in cabbage cultivation, with a special focus
on Europe, including Slovenia. It evaluates current monitoring and assessment methods
and reviews available control strategies—chemical, biological, cultural, and mechanical
—within the context of sustainable pest management. By synthesizing fragmented literature
and identifying key knowledge gaps, this article supports more effective and ecologically
sound approaches to managing E. ventralis in Brassica production systems.

2. Taxonomy and Biology
2.1. Taxonomy

The cabbage stink bug is a phytophagous stink bug classified within the or-
der Hemiptera and the suborder Heteroptera, family Pentatomidae, and subfamily
Pentatominae [5,12]. It belongs to the tribe Strachiini, whose members are characterized
by their specialization on cruciferous host plants (Brassicaceae) [13,14]. E. ventralis can
be distinguished from closely related species, such as Eurydema oleracea (L.) (Hemiptera:
Pentatomidae) and Eurydema ornata (L.) (Hemiptera: Pentatomidae), on the basis of specific
coloration patterns and the structure of the pronotum [15]. These characteristics are critical
for field and laboratory identification.

Recent advancements in molecular taxonomy have led to a more precise delineation
of species within the genus Eurydema. The efficacy of DNA barcoding, particularly that
based on the mitochondrial cytochrome oxidase I (COI) gene, has been demonstrated in
the differentiation of closely related taxa and the confirmation of morphological identi-
fications [16,17]. The use of integrative taxonomic approaches is crucial for the accurate
identification of pests and the subsequent management of agroecosystems.
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2.2. Morphology and Life Cycle

The adult cabbage stink bug (E. ventralis) typically measures between 9–12 mm in
length and exhibits sexual dimorphism, with females generally larger than males. The body
is dorsoventrally flattened, the pronotum is red with six black spots, and black markings
are also present on the scutellum and hemelytra (Figure 1). The contrasting coloration has
been shown to function as a warning to potential predators [5], as these bugs can secrete
foul-smelling defensive compounds [18,19]. The antennae are four- to five-segmented, the
scutellum is triangular in shape and covers a larger part of the abdomen, and the tarsi are
three-segmented [5].

 

Figure 1. Mating of cabbage stink bugs (photo: S. Trdan).

The cabbage stink bug undergoes incomplete metamorphosis, comprising egg, nymph,
and adult stages (imago) [20]. During April and May, adult cabbage stink bugs leave their
overwintering locations. Moreover, with the emergence of cultivated cabbage plants,
sprouts, and seedlings, the stink bugs fly over to them. After mating (Figure 1), females
deposit twelve eggs, which are arranged in two rows (six eggs in each row), predominantly
on the underside of the leaves [21]. It has been observed that females may hatch up to seven
egg clutches at intervals. The eggs of the cabbage stink bug are up to 1 mm high, cylindrical
in shape, with a rounded bottom, and the top is covered by a convex lid that opens when
the nymph hatches. The eggs exhibit a greenish hue and are marked by a dark spot on the
cover [22]. The newly hatched nymphs are very small; they group together immediately
after hatching and do not feed. Nymphs, which are yellow and black (Figure 2), emerge
approximately after 5–13 days, depending on environmental conditions.

After the first molting, individuals start to leave the group and feed. With subsequent
molts, the nymphs grow and become more adult-like. The lifespan of nymphs is typically
brief, lasting for a matter of weeks. The development of larvae undergoes a 25–40-day
period of feeding on the plants before undergoing the metamorphosis into an imago.
Furthermore, the complete life cycle from egg to imago is estimated to span of 2–2.5 months.
The adults are known to overwinter in a variety of environments, including in the leaf litter
at the forest edges, urban parks and gardens, slopes, and roadsides. In September, adult
cabbage stink bugs that are able to fly move to a suitable overwintering site [21]. Tanasijević
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and Ilić [23] reported that in Serbia, E. ventralis has two generations per year, and the same
was reported for Croatia by Maceljski [24]. The first generation is typically observed in the
second half of June, with the second generation appearing in mid-August.

   

Figure 2. Nymph of the cabbage stink bug (photo: T. Bohinc (left) and S. Adamič Zamljen (right)).

3. Distribution
The cabbage stink bug is predominantly located within the Palearctic region and has

a wide distribution across Europe and parts of Asia (Figure 3). It is commonly found in
southern and central Europe, with confirmed records in Italy, France, Austria, Slovenia,
Hungary, Greece, and the Balkans, extending to the east in Ukraine, Moldova, and the
Caucasus, Central Asia, and Western Siberia [5,25–28]. These regions (i.e., Central Asia
and West Siberia) represent the core distribution area, where the species is most abundant
and ecologically adapted [27]. Distribution in parts of Central Asia and West Siberia
indicates a high adaptability to various temperate conditions [5]. The species has recently
been reported for the first time in Macaronesia (Madeira, Portugal), suggesting a potential
expansion of its range [25]. Moreover, this species was also recorded in the southern parts
of East Siberia, in Tuva [29] and Buriatia [30]. While primarily associated with agricultural
areas and wild habitats hosting cruciferous plants, E. ventralis has not yet been recorded in
North America, Australia, or sub-Saharan Africa, indicating its distribution is still mostly
Eurasian. Moreover, the study of [31] about the mitogenomic analysis of Eurydema genus
supports the idea of the ecological specialization of the cabbage stink bug and its wide but
regionally specific distribution.

Despite its broad distribution, specific data on the frequency or population density
of E. ventralis remain limited. The majority of records are derived from sporadic field
observations or museum collections, as opposed to systematic population monitoring [27].
However, the species has been repeatedly documented in both agricultural and semi-
natural habitats, suggesting that it may be locally abundant in areas where host plants are
present. The cabbage stink bug is a widely distributed species. It is well established in the
Mediterranean region and there are growing reports from other parts of Europe and Asia.
Its adaptability and close association with cruciferous plants make it an important species
for agricultural monitoring and pest management.
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Figure 3. The distribution of the cabbage stink bug (E. ventralis) in the world [32].

4. Pentatomidae Found on Brassicaceae in Slovenia
Slovenia is characterized by a diverse assemblage of stink bug species (Hemiptera:

Pentatomidae), some of which are considered key agricultural pests. Among native species,
E. ventralis is considered to be one of the most significant pests of cruciferous plants,
particularly cabbage. Adults overwinter and emerge in spring, with one to two generations
per year. The feeding of the pest occurs on leaves and stems of the plant, resulting in
chlorosis, tissue necrosis, and economic losses. As Bohinc et al. [33] demonstrate, the
damage intensity exhibited by different cabbage genotypes is subject to variation, with this
variation being dependent upon characteristics such as plant color, growth duration, and
cultivar type.

E. oleracea, a species closely related to E. ventralis, is another native species frequently
found on Brassicaceae. Through exhibiting a slightly lesser degree of damage, it displays
analogous feeding habits and seasonal biology. It is evident that both species have a
substantial impact on the yield reduction of cabbage and other crucifers.

In recent years, the occurrence of invasive stink bug species has also been documented
in Slovenia. The most notable of these is the brown marmorated stink bug (Halyomorpha
halys (Stål, 1855)) (Hemiptera: Pentatomidae), which is originally from East Asia. First
documented in the Goriška region in 2017, it has since spread throughout Slovenia, includ-
ing urban areas such as Ljubljana [34,35]. The brown marmorated stink bug is a highly
polyphagous pest, affecting over 170 different host plants, including fruits, vegetables, and
ornamentals. In the sub-Mediterranean climate of western Slovenia, the species completes
two consecutive generations per year. The population abundance of the species is driven
by local climatic conditions, including temperature and humidity [36].

Another species of increasing concern is the southern green stink bug (Nezara viridula
L.) (Hemiptera: Pentatomidae). Despite its cosmopolitan character, it has been established
in Slovenia since at least the 1980s, with a notable preference along the Adriatic coast. It
is characterized by its highly polyphagous nature, which enables it to feed on cabbage,
particularly in warm climates. Genetic analyses demonstrate that Slovenian populations of
the southern green stink bug are closely related to those in other parts of Europe and the
Americas [37]. Furthermore, the species has been the focus of extensive research concerning
its communication and mating behavior, with the study of substrate-borne vibrational
signals providing significant insights into species recognition mechanisms [38].

Notably, the striped shield bug (Graphosoma lineatum L.) (Hemiptera: Pentatomidae)
has also been documented in Slovenia. While it is primarily associated with the Apiaceae
family of plants, its presence has been noted in agricultural ecosystems, including cabbage
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fields. While its impact on cabbage is negligible, its role in biodiversity and pest monitoring
is worth acknowledging [12].

The increasing diversity of both native and invasive stink bugs in Slovenia poses
significant challenges for cabbage growers. The effective management of pests necessitates
a combination of factors, including regular monitoring, precise species identification, and
the integration of biological and chemical control measures. Recent studies also highlight
the potential role of native natural enemies in suppressing pest populations, offering
sustainable alternatives to chemical insecticides [39].

5. Impact on Cabbage Production
5.1. Feeding Habits and Injuries on Plants

E. ventralis is a phytophagous insect that primarily affects cruciferous plants, with
cabbage being among its preferred hosts. Among the host plants, the most frequently
mentioned besides cabbage are also other plants of the family Brassicaceae, such as cauli-
flower (Brassica oleracea L. var. botrytis L. cauliflora), kale (Brassica oleracea L. var. sabauda L.),
white mustard (Sinapis alba L.), and many others [5,40–42].

Adult bugs and nymphs have a stylet, which they use to pierce plant tissues and
extract plant sap. Their feeding activity is particularly concentrated on the softer, younger
parts of the cabbage plant, such as young leaves, leaf veins, and developing parts [43]. The
feeding mechanism of E. ventralis has been shown to cause both direct mechanical damage
and indirect physiological stress to the plant. Saliva injected during feeding can lead to
localized necrosis, discoloration, and tissue deformation. The symptoms of typical damage
are as follows: the presence of whitish and yellowish speckling on leaves (Figures 4 and 5)
can be attributed to chlorophyll loss, with necrotic spots as a result of intense feeding,
causing the deformation and curling of young leaves [33], and, in severe infestations,
stunted growth and reduced head formation have been observed [26]. The tendency for
insects to congregate and feed in groups often results in the concentration and visibility of
damage, particularly on the outer leaves of the infested vegetation. Adult bugs are more
mobile and can spread easily across the field, while nymphs remain localized and can cause
cumulative damage over time if left uncontrolled [44]. While specific dispersal distance
data for E. ventralis are currently unavailable, studies on related Pentatomidae species
provide useful standards. For instance, H. halys adults have been shown to fly average
distances of ~2.0–2.4 km in 22 h flight mill tests, with most individuals (<89%) flying under
5 km and some reaching up to ~117 km in a single flight period [45]. Similarly, Euschistus
servus (Say, 1832) (Hemiptera: Pentatomidae) demonstrated that ~90% of adults flew less
than 1 km, while exceptional individuals flew up to ~15.9 km [46]. These findings suggest
that E. ventralis adults may similarly achieve local field dispersal across tens to hundreds of
meters, with occasional longer movements under favorable conditions.

Regarding the potential of E. ventralis to transmit pest bacteria and viruses, current sci-
entific literature provides limited information. Unlike some other Hemiptera species, such
as aphids or whiteflies, which are well-documented vectors of plant viruses [47,48], there
is no conclusive evidence that E. ventralis acts as a vector for significant plant pathogens.
Most research on E. ventralis has focused on its direct feeding damage rather than pathogen
transmission [3,4]. However, considering its piercing–sucking feeding behavior, the po-
tential for transmission of bacterial or viral pathogens cannot be entirely ruled out and
warrants further investigation. This knowledge gap represents an important direction for
future research, especially in light of its increasing prevalence in cabbage crops.
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Figure 4. Leaf of cauliflower, heavily attacked by cabbage stink bugs (photo: S. Trdan).

 

Figure 5. Cabbage heavily damaged by sucking cabbage stink bugs is less productive (photo:
S. Trdan).

The wilt is characterized by the appearance of white spots on the leaves due to
the suction caused by the pest. In more severe cases, the leaf becomes translucent and
perforated. The tissue within these areas has undergone necrosis; in cases where the
damage is severe, the leaf may wither or the entire plant may perish. Damage is most
extensive on young plants, after germination of after transplantation [24]. Phytophagous
stink bugs are renowned for their discerning approach to selecting suitable host plants.
Furthermore, insect species exhibit variation in their feeding preferences, with some species
specializing on specific plant parts. The selection of the host plant is contingent upon the
‘stimuli’ that are emitted by either the host or non-host plants. The insects’ ability to respond
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to external stimuli is the result of a complex interplay between mechanical and olfactory
factors. In addition to these factors, the environment provides a context for the interaction
between males and females, facilitating the process of mating. This information can be
considered as a fundamental principle in the context of pest management, particularly in
scenarios where the nymph and imago share the same host plant. The host plant is typically
selected by the female through the deposition of eggs on a leaf or other above-ground
organ. In selecting a suitable host plant, the stink bug makes a decision that is informed by
a multitude of factors. The decision-making process is composed of multiple stages, which
can be categorized as follows: initial orientation in space, subsequent landing on the plant,
feeding, and oviposition [49].

5.2. Economic Impact

Although E. ventralis rarely results in complete crop failure, its impact on cabbage
quality can be economically significant. The following factors have been identified as
contributing to yield and revenue loss: (1) the market value of produce is reduced due to
visible feeding damage, even when internal tissues remain unaffected [26]; (2) higher culling
rates are observed, especially in crops grown for fresh market sale, where visual appearance
is critical [43]; (3) increased production costs are incurred, related to pest monitoring and
control measures; (4) there is a potential for secondary infections, as feeding wounds may
serve as entry points for pathogens [39].

In organic and low-input systems, where the use of synthetic insecticides is limited or
should be avoided, the cabbage stink bug can present a particular challenge in terms of
management, resulting in greater reliance on preventive cultural practices and biological
control [26]. To summarize, although the cabbage stink bug does not invariably result in
substantial yield loss, its effect on crop quality and market value renders it an economically
significant pest, especially in regions where infestations are frequent or where cabbage is
cultivated on a large scale [33].

6. Monitoring and Population Assessment Methods of Eurydema ventralis
The implementation of effective monitoring and population assessment techniques

is crucial for the successful implementation of IPM strategies in cruciferous plants, such
as cabbage, for the management of E. ventralis. Monitoring facilitates the timely detection
of pest outbreaks, informs decision-making processes for control interventions, and as-
sists in the evaluation of the effectiveness of applied management strategies. The most
prevalent monitoring technique entails the visual inspection and direct enumeration of
adult cabbage stink bugs and nymphs on cabbage plants. It is recommended that regular
scouting is carried out, typically on a weekly basis during the growing season, in order to
estimate population densities and detect early signs of infestation [38]. Visual assessments
are frequently conducted by means of inspecting a predetermined number of plants or
specific areas within the field, and the number of insects per plant or per square meter is
recorded [50].

Sticky traps of various colors have been tested for monitoring Pentatomidae, including
species of the genus Eurydema. Recent studies indicate that purple sticky traps are particu-
larly effective for capturing E. ornata, and other phytophagous stink bugs [51,52]. While
there is currently limited evidence for the preference of E. ventralis, color-based trapping
may represent a promising tool for future monitoring efforts [5]. These traps function as an
early warning system, a particularly advantageous feature in wide-ranging fields where
visual inspections are time-consuming and also more intensive. Although these methods
are widely used, it is important to acknowledge that neither visual inspections nor sticky
traps provide a fully comprehensive assessment. Both approaches are subject to limitations
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such as observer bias, environmental conditions, and variability in insect activity patterns,
which can influence the accuracy and consistency of population estimates.

Furthermore, the utilization of sweep net sampling is occasionally observed, particu-
larly within the context of mixed cropping systems. However, it is important to note that
the efficacy of this technique can be influenced by different factors such as plant density
and canopy structure. With regard to quantitative population assessments, mark–recapture
methods have also been explored, even though less commonly, due to their comprehensive
nature [53].

The threshold levels for intervention are not yet well established for the cabbage
stink bugs. However, general action thresholds for stink bugs in brassicas suggest that
control measures should be considered when average densities exceed one–two individuals
per plant during the head formation stage [54]. Moreover, many authors declare that
the economic threshold of E. ventralis harmfulness represents two–three individuals per
plant [5,55]. Further research is required in order to refine these thresholds based on local
agroecological conditions.

Advancements in remote sensing and machine learning technologies are opening
up new possibilities for non-invasive monitoring, such as imago-based pest detection or
prediction models using climatic and crop data. Nevertheless, it should be noted that these
are still in developmental stages for most stink bug species [56]. The regular and systematic
monitoring of crop damage and the implementation of pest control strategies targeting the
cabbage stink bug is of crucial importance to ensure the sustainability of these strategies.

7. Integrated Pest Management as a Framework for the Control of
Eurydema ventralis

The management of agricultural pests has evolved from a reliance on single-method
approaches to more integrated, knowledge-based strategies. Among these, IPM is distin-
guished by its comprehensive nature, integrating diverse tactics to regulate pest populations
in a manner that is both economically and ecologically sustainable [57–59]. In the context
of cruciferous crops such as cabbage, E. ventralis represents a persistent pest that demands
precisely such an integrated approach due to its adaptability, mobility, and potential for
economic damage. IPM is not a standalone method, but rather a dynamic decision-making
process that utilizes all available pest management techniques in a coordinated manner.
The implementation of IPM typically follows several core principles: the prevention of
pests through agronomic and cultural practices; the regular monitoring of pest and natural
enemy populations; the use of economic thresholds to determine the need for intervention;
and the application of control methods—biological, chemical, mechanical, and cultural—in
a compatible and strategic sequence [58,60].

In the context of the cabbage stink bug, IPM offers a framework within which diverse
suppression strategies can be efficiently integrated. Cultural techniques, including crop
rotation and trap cropping, act as the primary form of defense. It has been demonstrated
that early-sown trap crops, such as oilseed rape or oil radish, have been effective in
attracting cabbage stink bug adults, thereby reducing their presence in the cabbage as a
main crop [43]. The efficacy of such measures is maximized when employed in conjunction
with timely mechanical or chemical interventions, which are targeted exclusively at the
designated trap zones.

In the context of the IPM framework, biological control is a pivotal element, especially
with regard to the conservation of generalist predators and parasitoids. While specific bio-
logical control agents for E. ventralis are still under investigation, it has been demonstrated
that agroecological diversification and habitat management can enhance natural enemy
activity and suppress pest outbreaks [61]. Chemical control, whilst still necessary in some
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cases, is used judiciously within IPM systems. The application of insecticides is based on
established thresholds and monitoring data, with an emphasis on selectivity and rotation
of active ingredients to prevent resistance and preserve beneficial organisms [62,63].

IPM encourages the strategic integration of control tactics with a view to minimizing
environmental risks and promoting long-term pest suppression. The overarching context
in which the individual methods—biological, chemical, cultural, and mechanical—are most
effective when applied in combination rather than isolation is provided by the aforemen-
tioned concept. In the ensuing sections, each of these approaches will be discussed in
greater detail in relation to their specific application against E. ventralis.

8. Chemical Control of Eurydema ventralis
Chemical control remains a key element in managing E. ventralis, particularly in con-

ventional cabbage production. However, the efficacy, selectivity, and environmental safety
of available insecticides vary significantly depending on the chemical class, application
method, and local conditions. The following section compares the main insecticide groups
in terms of their performance against stink bugs and discusses their compatibility with IPM.

8.1. Synthetic Pyrethroids

Pyrethroids, such as deltamethrin and cypermethrin, are widely used against
hemipteran pests due to their rapid knockdown effect and low mammalian toxicity. They
act on the nervous system by modifying voltage-gated sodium channels. Field trials in Ger-
many and Poland have demonstrated that pyrethroids can be effective against pentatomid
bugs, especially when combined with organophosphates like chlorpyrifos [64,65].

However, pyrethroids also exhibit broad-spectrum activity and pose risks to non-
target arthropods, including natural enemies and pollinators. Moreover, their efficacy
is influenced by environmental factors such as temperature and humidity. For example,
deltamethrin toxicity increases under low soil moisture, amplifying its ecological impact in
drought-prone areas [66].

8.2. Organophosphates and Botanical Alternatives

Organophosphates like malathion interfere with insect neurotransmission by inhibit-
ing acetylcholinesterase. A two-year field study in Slovenia showed that malathion (0.2%)
significantly reduced E. ventralis damage and improved cabbage growth [26]. This treat-
ment outperformed both potassium soap and refined rapeseed oil, although the latter
botanical options showed moderate efficacy under dry conditions.

Botanical formulations (e.g., rapeseed oil, potassium soap) represent low-toxicity
alternatives, compatible with organic systems. However, they often require repeated
applications and may be less reliable under varying environmental conditions [26].

8.3. Neonicotinoids

Neonicotinoids, such as thiacloprid and acetamiprid, have shown strong systemic
activity against sucking pests by targeting nicotinic acetylcholine receptors. Although
specific data for E. ventralis are limited, their documented success against other Hemiptera
suggests potential applicability [67,68].

Their systemic nature makes them suitable for early-stage protection, such as applica-
tions during the yellow-bud phase of cabbage development [67]. Nevertheless, concerns
remain regarding pollinator toxicity and environmental persistence, necessitating careful
use within IPM frameworks.
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8.4. Inert Dusts and Physical Barriers

Inert dusts like diatomaceous earth and wood ash offer a non-chemical control option.
They act by disrupting the insect cuticle and desiccating pests. A field study demonstrated
that these materials reduced stink bug damage and improved yields, particularly under
dry conditions [69]. Their mode of action makes them suitable for organic farming, though
their effectiveness may be weather-dependent (Table 1).

Table 1. Efficacy of selected treatments for the control of E. ventralis.

Treatment Crop Application Regime Efficacy Reference

Malathion (0.2%) White cabbage (‘Tucana F1′,
‘Hinova F1′) Two sprays

Highest reduction in
bug damage and better

plant growth
[26]

Potassium soap White cabbage (‘Tucana F1′,
‘Hinova F1′) Five sprays

Variable efficacy to
rapeseed oil; one year

lessens efficacy
[26]

Refined rape oil White cabbage (‘Tucana F1′,
‘Hinova F1′) Five sprays

Comparable to
malathion (especially

in dry years)
[26]

Diatomaceous earth White cabbage (‘Sweety F1′) Inert dust treatment
Significant damage

reduction; highest yield
in dry years

[69]

Wood ash White cabbage (‘Sweety F1′) Inert dust treatment
Similar benefits to

diatomaceous earth in
dry conditions

[69]

8.5. Resistance and Sustainability Considerations

Although insecticide resistance in E. ventralis has not yet been extensively documented,
other brassica pests like the diamondback moth (P. xylostella) have developed resistance to
a wide array of insecticide classes, including pyrethroids, organophosphates, carbamates,
Bt toxins, and insect growth regulators [70–72]. This raises concerns about the long-term
sustainability of chemical control for stink bugs.

Regular use of the same chemical group increases selection pressure and resistance
risk. Therefore, resistance management strategies—including insecticide rotation and
combinations, use of selective agents, and reliance on economic thresholds—are essential
to preserve the efficacy of available tools.

8.6. Environmental Impacts and IPM Integration

The use of chemical insecticides in the management of E. ventralis is associated
with significant environmental considerations. Broad-spectrum insecticides, particularly
pyrethroids and organophosphates, are known to adversely affect non-target arthropods,
including beneficial predators such as lady beetles (Coccinellidae), ground beetles (Cara-
bidae), and pollinators like bees [67,73]. The disruption of natural enemy populations has
the capacity to weaken biological control services and lead to secondary pest outbreaks.

Pesticide residues, resulting from repeated applications, have been shown to persist in
the environment, thereby contributing to the contamination of soil and aquatic ecosystems.
Studies have demonstrated that insecticides such as deltamethrin exhibit high toxicity to
aquatic invertebrates and soil fauna, including earthworms and springtails [74,75]. The
ecological risk is further amplified under conditions of low soil moisture, which enhance
the bioavailability and toxicity of pyrethroids like deltamethrin [66].

In order to mitigate the risks associated with such practices, it is essential to exercise
caution and regulate the utilization of insecticides. Responsible application practices
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include adherence to recommended dosages, proper timing to avoid the peak activity of
non-target organisms, and application methods that minimize drift and runoff [76]. It is
equally important to select insecticides that have lower environmental persistence and
selectivity for target pests. The most efficacious approach to minimizing environmental
harm whilst preserving efficacy is the integration of chemical control into a broader IPM
strategy. IPM promotes the combined use of chemical, biological, cultural, and mechanical
control measures. Cultural techniques, such as crop rotation and trap cropping, have been
demonstrated to reduce pest pressure, while the conservation of natural enemies supports
long-term pest suppression [77,78].

Botanical insecticides and inert dusts represent promising low-impact alternatives.
Refined rapeseed oil and potassium soap, though somewhat variable in efficacy, have
demonstrated potential under certain conditions [26]. Diatomaceous earth and wood ash
have been demonstrated to be highly effective in reducing damage caused by E. ventralis
without the associated drawbacks of chemical toxicity, making them particularly suitable
for organic and low-input systems [68,69].

Furthermore, systemic neonicotinoids such as thiacloprid, despite their efficacy against
hemipterans, necessitate judicious application due to their association with sublethal
effects on pollinators and apprehensions regarding their long-term persistence in the
environment [68,79]. Consequently, their deployment should be strategic, preferably as
part of rotation schemes with other insecticide classes.

Finally, resistance management is a pivotal component of sustainable chemical control.
Although resistance in E. ventralis has not been widely reported, analogies with other
crucifer pests, such as P. xylostella, which has developed resistance to multiple insecticide
groups, serve as a warning [70–72]. It is vital to monitor susceptibility levels, to rotate
insecticides with different modes of action, and to incorporate non-chemical options, in
order to prevent resistance buildup. In conclusion, it is imperative that environmental
considerations are integrated into the pest management of E. ventralis. The integration of
chemical control within an IPM framework enables practitioners to achieve effective pest
suppression while minimizing ecological disruption and delaying resistance evolution.
This integrated approach is pivotal to ensuring the efficacy of cabbage protection programs
in the short and long term [61].

9. Biological Control of Eurydema ventralis
Reliance on synthetic control methods gives rise to concerns regarding environmental

contamination, the development of insecticide resistance, and negative impacts on ben-
eficial arthropods, including pollinators and natural enemies [80]. Consequently, there
has been an increased focus on the development and implementation of sustainable pest
control strategies, with biological control representing a key role.

The term ‘biological control’ is employed to denote the utilization of natural enemies,
including parasitoids, predators, and entomopathogens, for the purpose of diminishing
pest populations [80,81]. In the context of the cabbage stink bug, the primary focus of
biocontrol research has been on egg parasitoids belonging to the genus Trissolcus. These
have demonstrated high levels of parasitism in field conditions [82]. Other promising
candidates include tachinid flies that parasitize nymphs and adults, generalist predators,
and microbial agents such as entomopathogenic fungi [83]. These agents may act alone or
synergistically within IPM programs [81].

This chapter provides a comprehensive overview of the known biological control
agents associated with the cabbage stink bug, highlighting their mechanisms of action, field
efficacy, and potential integration into sustainable pest control systems (Table 2).
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Table 2. An overview of natural enemies and entomopathogenic agents reported for the biological
control of E. ventralis, grouped by category.

Category Scientific Name Target Stage(s) Effectiveness/Parasitism
Rate Location Notes

Eg
g

pa
ra

si
to

id
s

Trissolcus simoni Eggs >40% parasitism reported Mediterranean and
Southern Europe

Shows behavioral
response to

Eurydema ventralis
cues; potential

biocontrol
candidate

Trissolcus cultratus Eggs Field presence confirmed Slovenia, Central Europe
Native species; not

yet included in
EPPO Positive List

Trissolcus viktorovi Eggs Field presence confirmed Slovenia
Potential for future

integration into
IPM

Trissolcus scutellaris Eggs Field presence confirmed Slovenia
Requires further

research and EPPO
registration

Trissolcus festivae Eggs Not quantified Slovenia
Reported as a

natural enemy in
local ecosystems

Pa
ra

si
to

id
s

of
ny

m
ph

s
an

d
ad

ul
ts Phasia crassipennis Nymphs and adults Broad host range; no exact

data for E. ventralis Europe, Asia
Also parasitizes
E. oleracea and

N. viridula

Clytomyia continua Nymphs and adults Poorly documented;
only observations Eastern Europe

Likely
supplementary role
in pest suppression

En
to

m
o-

pa
th

og
en

ic
fu

ng
i

Beauveria bassiana Mainly nymphs High mortality in related
species (Nezara viridula) Various regions (tested)

Potential candidate
for screening

against E. ventralis

Metarhizium anisopliae Nymphs and
early stages

Effective on Hemiptera
in general

Laboratory and
field trials

May target early
nymphs under

humid conditions

9.1. Egg Parasitoids

Egg parasitoids are among the most extensively studied natural enemies of E. ventralis.
It has been demonstrated that the species of the genus Trissolcus (Hymenoptera: Scelion-
idae) exhibit high rates of parasitism on Eurydema eggs. Trissolcus mitsukurii (Ashmead)
(Hymenoptera: Scelionidae) has been studied for its olfactory responses to plants attacked
by stink bugs, highlighting its potential as a biological control agent [84]. However, this
species is not currently associated with the parasitism of E. ventralis, and further research is
needed to assess its relevance for managing this pest. These parasitoids deposit their eggs
within the host’s eggs, resulting in the consumption of the developing embryo by their
larvae. This process effectively prevents the hatching of the host’s eggs.

Laboratory olfactometer studies have demonstrated that Trissolcus simoni (Mayr, 1897)
(Hymenoptera: Scelionidae) exhibits behavioral responses to chemical cues from E. ventralis,
suggesting its potential as a candidate biocontrol agent [85]. The process of oviposition
by these parasitoids occurs within the eggs of cabbage stink bugs. Indihar et al. [82]
reported that in Slovenia, egg parasitoids, namely Trissolcus scutellaris (Thomson, 1861)
(Hymenoptera: Scelionidae), Trissolcus festivae (Viktorov, 1964) (Hymenoptera: Scelionidae),
and T. viktorovi Kozlov (Hymenoptera: Scelionidae), have been documented as natural
enemies of the cabbage stink bug. It is evident that none of the mentioned species are yet
listed on the Positive List of the European and Mediterranean Plant Protection Organization
(EPPO); it is not possible for Slovenia to include them on the list of native species of organ-
isms for biological control. Such implementation would facilitate the use of these species in



Agriculture 2025, 15, 1779 14 of 23

inoculative biological control in field agricultural production. The efficacy of these para-
sitoids in the context of biological control programs is contingent upon a number of factors,
including host specificity, prevailing environmental conditions, and the compatibility of
the parasitoids with alternative control methodologies. Further research is required to
assess their potential for mass rearing and release in integrated pest management strategies
targeting E. ventralis.

The effectiveness of these parasitoids in biological control programs depends on
several factors, including host specificity, environmental conditions, and their compatibility
with other control measures. Further studies are required to evaluate their potential for
mass rearing and integration into pest management strategies.

9.2. Parasitoids of Nymphs and Adults

In addition to egg parasitoids, several species of tachinid flies (Diptera: Tachinidae)
have been documented as Eurydema bug parasites, including for E. ventralis. Of particular
interest are Clytomyia continua (Panzer, 1798) (Diptera: Tachinidae) and Ectophasia crassipen-
nis (Fabricius, 1794) (Diptera: Tachinidae), which are endoparasitoids capable of attacking
the later developmental stages, including nymphs and adults [5,86,87]. These parasitoids
deposit their eggs on or in the proximity of the host insect. Upon hatching, the larvae
penetrate the host’s body and feed internally, ultimately resulting in the host’s demise as
they complete their development. The tachinid fly E. crassipennis is a well-documented
parasitoid of various shield bugs (Pentatomidae) across Europe and Asia. It exhibits a
broad host range within this family and has been recorded parasitizing other pest species
such as Eurydema oleracea and Nezara viridula [88]. Though specific parasitism rates on E.
ventralis have not been extensively quantified, the presence of E. crassipennis in habitats
where Eurydema species are abundant suggests an underutilized potential for biological
control. C. continua is another tachinid species that has been observed to be associated
with stink bugs on occasion. While the scientific literature on this species is comparatively
limited when viewed in relation to that on Phasia, it is nevertheless understood to parasitize
heteropteran hosts. Moreover, field observations from Eastern Europe suggest that it may
play a supplementary role in regulating pentatomid populations [5,86].

These parasitoids are distinguished from egg parasitoids by their targeting of older
life stages, a feature that is particularly advantageous in IPM programs where overlapping
generations of pests are present [89]. Their activity can complement the impact of egg
parasitoids such as Trissolcus spp., providing broader temporal coverage and reducing
the likelihood of population rebounds from surviving individuals [85]. Nevertheless, the
practical application of tachinid flies in biological control programs is frequently constrained
by their intricate life cycles, issues of host specificity, and difficulties in mass rearing.
Furthermore, it is imperative to meticulously evaluate their ecological impact to avert
any inadvertent consequences on non-target native species [89]. Despite these limitations,
further research is warranted to assess their local abundance, parasitism rates, and potential
synergy with other natural enemies.

9.3. Entomopathogenic Fungi

Despite the paucity of direct studies evaluating the efficacy of entomopathogenic fungi
against E. ventralis, there is an increasing interest in their potential application based on
successful use against other pentatomid bugs. It is noteworthy that certain fungi, such as
Beauveria bassiana (Bals.-Criv.) Vuill. 1912 (Hypocreales: Cordycipitaceae) and Metarhizium
anisopliae (Metschn.) Sorokin 1883 (Hypocreales: Clavicipitaceae), have demonstrated
considerable pathogenicity against related species, including N. viridula, Piezodorus guildinii
(Westwood, 1837) (Hemiptera: Pentatomidae), and H. halys [90,91]. In a recent study,
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Ramos et al. [90] examined the effects of two isolates of B. bassiana on N. viridula and
P. guildinii, reporting high mortality rates and reduced fecundity. The results suggest that
these fungal isolates could be screened for efficacy against E. ventralis, especially considering
the shared ecological niches and host plants among these stink bug species. In addition, M.
anisopliae has been shown to be effective against other Hemiptera, particularly during the
early life stages, which are more susceptible to infection [91]. These findings imply that
younger nymphs of E. ventralis may also be suitable targets for fungal biocontrol, especially
under favorable humidity and temperature conditions that support spore germination
and infection.

However, the integration of entomopathogenic fungi with other biological control agents,
such as egg parasitoids (Trissolcus spp.), necessitates meticulous planning. A systematic review
by [92,93] emphasized that although combinations of fungi and parasitoids can enhance pest
suppression, such strategies may not always be economically viable due to increased control
costs. A total of 100 studies were reviewed; however, merely two of these evaluated critical
agronomic metrics, including crop damage reduction, yield improvement, and economic
return. This finding serves to emphasize the necessity for more holistic assessments.

9.4. Compatibility of Biocontrol Agents

The compatibility of entomopathogens and parasitoids is crucial for the implemen-
tation of integrated pest management strategies. Studies have shown that the timing of
application can impact the efficacy of these combined biocontrol agents. For instance,
the application of B. bassiana following the emergence of parasitoids has been shown to
mitigate the adverse effects on parasitoid development. Similarly, the spatial separation of
microbial treatments and parasitoid releases can mitigate potential conflicts between these
agents [94] (Table 2).

10. Cultural and Mechanical Measures for Managing Eurydema ventralis
on Cabbage

The effective management of the cabbage stink bug is increasingly reliant upon the
integration of cultural and mechanical control strategies within an IPM framework. Among
cultural techniques, the use of trap crops has emerged as one of the most promising and
ecologically sustainable approaches.

The practice of trap cropping involves the deliberate cultivation of alternative host
species that are more attractive to pests than the primary crop. This strategy aims to divert
pest populations from economically significant crops. For the cabbage stink bug, field
studies conducted in Slovenia have demonstrated that the oilseed rape (Brassica napus L.)
and oilseed radish (Raphanus sativus L.) are particularly attractive, especially during the
early growth stages, serving as effective sink habitats for feeding and oviposition [8,33].
Once concentrated on the trap crops, stink bugs can be efficiently targeted with localized
treatments such as spot spraying, manual removal, or destruction of the crop residue,
thereby reducing the need for broad-spectrum insecticide applications in the cabbage field.
The success of trap cropping is contingent on several critical factors. Spatial and temporal
considerations, such as the earlier planting of trap crops to ensure greater attractiveness
at the time of pest migration, are key to maximizing efficacy. The efficacy of border-row
and inter-row planting patterns has been demonstrated. Furthermore, the implementation
of active monitoring is imperative in order to prevent such trap crops from becoming
sources of secondary infestation. The application of targeted insecticide treatments may be
considered if necessary [26,95]. Integrating trap crops with visual lures (e.g., yellow sticky
traps) and repellents (e.g., neem oil, garlic extract) in a push–pull strategy has also shown
potential to enhance pest diversion [61].
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Beyond the practice of trap cropping, other cultural practices have been found to
be effective in disrupting the pest’s life cycle and reducing overwintering success. These
include intercropping cabbage with non-cruciferous species (e.g., cereals or early potatoes),
crop rotation, and the timely removal of cruciferous weeds [5,96]. These methods have
been shown to reduce the availability of alternative hosts and to alter the field ecology of
E. ventralis in ways that are deleterious to the latter. Cover crops, though less extensively
studied in this particular context, contribute indirectly by enhancing soil structure and
supporting populations of natural enemies. While not primarily intended to intercept
Eurydema bugs, they can nonetheless enhance system resilience and pest suppression in
polyculture systems [26,97].

With regard to mechanical control, the implementation of physical exclusion measures,
such as the use of fine mesh netting or floating row covers, has been demonstrated to
be an effective strategy for preventing cabbage stink bug adults from accessing cabbage
for feeding and oviposition. This efficacy is particularly pronounced when the exclusion
measures are employed during the early stages of the season. Manual removal is a viable
option in small-scale or organic systems, while practices such as post-harvest deep plowing
have been shown to destroy overwintering sites and reduce pest emergence the following
spring [98].

However, the implementation of trap cropping is not without challenges. In the event
of inadequate management, the cultivation of trap crops has the potential to become a
conductive environment for the proliferation of pest populations, thereby deviating from
the intended purpose of containment. It is evident that environmental factors, including
rainfall variability and drought, have the capacity to influence the attractiveness of plants
to pests, and consequently, to modify the effectiveness of pest management strategies.
Furthermore, the selection of the trap crop species is critical; it must be consistently more
attractive than the main crop, cover a sufficient area (often cited as at least 20% of the field)
and be managed to avoid unintended pest abundance [40,99].

Notwithstanding these limitations, when integrated and monitored correctly, trap
cropping can be considered a compelling strategy for reducing pesticide usage, aligning
with organic and low-input production systems. This approach is of particular importance
in instances where registered insecticides are deficient or resistance is a matter of concern,
thereby contributing to the overall objective of biodiversity conservation.

Role of Glucosinolates and Natural Cabbage Resistance in Defense Against E. ventralis

Glucosinolates are secondary metabolites that contain sulfur and nitrogen and are
specific to the Brassicaceae family. They are known to play a crucial role in plant defense.
When the plant tissue is damaged, the enzymatic hydrolysis of glucosinolates by mirosinase
produces biologically active compounds, including isothiocyanates and nitriles, which are
toxic or deterrent to a wide range of herbivorous insects, including stink bugs [8,100].

The interaction between glucosinolates and stink bugs is complex. As demonstrated
by field experiments, the presence of different glucosinolates in Brassica crops has been
shown to impact feeding preferences and the levels of damage caused by Eurydema spp. [99].
For instance, Bohinc et al. [100] reported that glucobrassicin exhibited a significant negative
correlation with feeding damage among several Brassica crops, including white mustard
(Sinapis alba L.), oilseed rape (Brassica napus), and white cabbage, suggesting a deterrent
effect. Conversely, certain aliphatic glucosinolates, including epiprogoitrin and progoitrin,
exhibited a positive correlation with the extent of damage (e.g., r = +0.69 for epiprogoitrin
in white mustard, and r = +0.76 for progoitrin in specific cabbage cultivars). This suggests
a potential stimulatory effect on stink bug feeding behavior [100]. Different responses
emphasize the potential of exploiting glucosinolates for the management of pests. The
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breeding of resistant cultivars to enhance repellent compounds such as glucobrassicin is
a potential solution. In addition, the use of attractive crops with high levels of feeding-
stimulant glucosinolates (e.g., oilseed rape) as trap crops to divert pests from main cabbage
crops has been demonstrated to be effective [3,43].

In addition to chemical traits, morphological and physiological characteristics play an
important role in natural resistance. Marković et al. [4] conducted a study on 20 cabbage
genotypes and found that red cabbage exhibited consistently reduced feeding damage from
Eurydema spp. compared to white cabbage. This was largely attributed to the higher
antioxidant capacity in red cabbage (mean 0.68 mmol 100 g−1 fresh weight (FW) vs.
0.48 mmol 100 g−1 FW in white cabbage), likely due to elevated levels of anthocyanins
and other phenolic compounds. This antioxidant compounds can reduce oxidative stress
caused by herbivory and thereby increase plant tolerance. Furthermore, the thickness of
epicuticular wax was found to contribute to resistance. Cabbage genotypes with thicker
wax layers, more prevalent in red cabbage, exhibited reduced levels of feeding injury [4].
The wax acts as a physical barrier that interferes with insect attachment and feeding, thus
providing an additional defensive mechanism. These findings are consistent with behav-
ioral studies on host selection in Eurydema spp., where both visual and chemical cues (e.g.,
surface traits and glucosinolate-related volatiles) impact host preference [101].

11. Recent Advances and Future Perspectives in the Management of
E. ventralis

In recent years, considerable attention has been devoted to the development of more
sustainable and innovative methods for the control of E. ventralis, especially within the
framework of integrated pest management. These approaches are intended to reduce
reliance on chemical pesticides and to align pest control strategies with ecological and
economic sustainability. New insights from chemical ecology, biotechnology, and pre-
cision agriculture are contributing significantly to the diversification and refinement of
control options.

One of the most promising areas of research has emerged from the field of
semiochemical-based pest management. Recent studies have demonstrated that particular
plant volatiles, notably allyl isothiocyanate, exhibit a high degree of attraction by E. ventralis,
including both male and female adults [19,102]. This finding offers the potential for the
development of effective lure-based trapping systems that could be employed for both
monitoring and mass trapping purposes. Implementation of such systems would facilitate
earlier detection of infestations, thereby serving as a component of targeted, non-chemical
pest management strategies. Furthermore, advancements in biotechnology, particularly
within the domain of insect microbiomes, are also generating novel avenues for research.
Manipulation of endosymbionts (i.e., bacteria that live within pest insects) has demon-
strated potential in disrupting insect physiology and behavior [103]. In the context of E.
ventralis, research is beginning to explore whether altering gut symbionts could reduce pest
fitness or pesticide resistance. Despite their current experimental status, these approaches
have the potential to offer highly selective pest suppression tools with minimal non-target
effects in the future.

Another significant area of research concerns the enhancement of pest forecasting and
early-warning systems. The increasing integration of digital agriculture has led to the de-
velopment of increasingly accurate and accessible pest risk models that utilize climate data,
crop phenology, and insect life cycles [104]. In the case of E. ventralis, these models have
the potential to enhance the timing of interventions and reduce the necessity for preventive
insecticide use, thus contributing to the realization of economic and environmental objectives.
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In the domain of biological control, recent efforts have been directed towards the identi-
fication and support of natural enemies that could be applied more systematically against
stink bug populations. In Slovenia and neighboring countries, the indigenous parasitoids
Cotesia glomerata (L.) (Hymenoptera: Braconidae) and Diadegma semiclausum (Hellén, 1949)
(Hymenoptera: Ichneumonidae) are being evaluated for their capacity to contribute to the
biological regulation of cruciferous pests, including E. ventralis [33]. Although the direct
parasitism of Eurydema ventralis by these species has not yet been decisively confirmed, their
role in enhancing overall agroecosystem resilience is increasingly recognized.

Generally, these developments suggest that the future of E. ventralis control relies
on integrated, knowledge-based systems that combine real-time monitoring, ecological
interactions, and biotechnological tools. As research continues, there is likely to be a shift in
emphasis towards precision pest management, where interventions are timed and tailored
with increasing specificity, supported by digital technologies and ecological principles. It
is evident that sustained investment in interdisciplinary research and field validation is
crucial for the practical implementation of these findings.

12. Conclusions
The cabbage stink bug (E. ventralis) is a significant pest in cruciferous plant cultivation,

particularly in cabbage, due to the direct feeding damage it causes, its economic impact, and
its ability to persist under varied agroecological conditions. This review article synthesizes
current knowledge on the taxonomy, biology, distribution, and economic relevance of the
species, as well as critically evaluating the range of available management options.

Among control strategies, chemical insecticides continue to play a crucial role in
reducing cabbage stink bug populations. However, concerns over resistance development
and non-target effects emphasize the need for alternative approaches. Despite the fact
that biological control remains underutilized, there is considerable potential for its future
development, particularly in the context of increased attention being paid to native egg
parasitoids, generalist predators, and entomopathogenic fungi. Cultural and mechanical
methods, including crop rotation, weed management, and the strategic use of trap crops,
are recognized as important preventive tools within an IPM framework.

IPM is a holistic concept that facilitates the integration of diverse suppression tactics
while ensuring the minimalization of environmental and human health risks. Recent
advancements in the fields of semiochemical-based trapping, microbiome modification,
and pest monitoring models have indicated a number of promising results, indicating
potential avenues for future research and development. However, it is crucial to emphasize
that these innovations still require rigorous validation and practical implementation before
they can be fully utilized.

Despite the progress that has been made, these are several knowledge gaps that
persist, including an insufficiency of information on natural enemies specific to E. ventralis,
inconsistent data on the efficacy of non-chemical methods under field conditions, and a need
for standardized monitoring protocols. Addressing these gaps through interdisciplinary
research and field-based trials is essential to developing more sustainable and locally
adapted pest management strategies.

In prospective studies, a comprehensive strategy integrating conventional knowledge
with innovative technologies will be pivotal for the efficient and ecologically sustainable
management of E. ventralis. The enhancement of the adoption of science-based strategies
is predicated on collaboration between researchers, extension services, and growers. This
collaboration will ultimately contribute to the development of more resilient crucifer
cropping systems.
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4. Marković, D.; Bohinc, T.; Trdan, S. Association between antioxidative potential and level of injury caused by Eurydema spp.

feeding on red and white cabbage genotypes. Arch. Biol. Sci. 2014, 66, 1447–1456. [CrossRef]
5. Stankevych, S.; Zabrodina, I.; Yushchuk, D.; Dolya, M.; Balan, H.; Yakovlev, R.; Kosylovych, H.; Holiachuk, Y.; Zakharchuk, N.;

Galagan, T.; et al. Eurydema bugs: Review of distribution, ecology, harmfulness, and control. Ukr. J. Ecol. 2021, 11, 131–149.
6. Rabitsch, W. Alien true bugs of Europe (Insecta: Hemiptera: Heteroptera). Zootaxa 2008, 1827, 1–44. [CrossRef]
7. Kment, P.; Zdislava, K. Catalogue of type specimens of true bugs (Hemiptera: Heteroptera) deposited in the National Museum,

Prague, Czech Republic—Enicocephalomorpha, Dipsocoromorpha, Nepomorpha, Gerromorpha, and Leptopodomorpha. Acta
Entomol. Musei Natl. Pragae 2013, 53, 821–890.

8. Bohinc, T.; Goreta Ban, S.; Ban, D.; Trdan, S. Glucosinolates in plant protection strategies: A review. Arch. Biol. Sci. 2012, 64,
821–828. [CrossRef]

9. Svobodová, E.; Trnka, M.; Dubrovský, M.; Semerádová, D.; Eitzinger, J.; Štěpánek, P.; Žalud, Z. Determination of areas with the
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