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Multimodal plant protection tactics based on olfactory, gus-
tatory, visual or acoustic signals are various and have a high
potential to improve existing integrated pest management
(IPM) strategies (Gross & Gilindermann 2016). Infosignals
consisting of semiochemicals (syn. infochemicals) and
semiophysicals (Hill et al. 2019) convey information on
interactions between individuals, releasing a behavioural
or physiological response in the receiver (Cokl & Millar
2009; Nieri et al. 2022). Dicke & Sabelis (1988) divided
semiochemicals in pheromones, which mediate interactions
between organisms of the same species, and allelochemi-
cals, which mediate interactions between heterospecifics.
Semiochemicals are part of insect odorscapes and include
volatile organic compounds (VOCs) that are used by insects
as chemical cues to locate different resources, such as food
(allelochemicals, e.g., kairomones), mate (sex pheromones),
or enemies (allelochemicals, e.g., kairomones) (Conchou
et al. 2019). The manipulation of odorscapes of insect pests
is a promising and more sustainable crop protection tactic
in alternative to pesticides (Franco, 2020). In comparison
to conventional insecticides, semiochemicals offer much
lower toxicity and reduced side effects on non-target spe-
cies and environment (Thoming 2021). Pheromones have
been applied in sustainable plant protection strategies, as
they are high species-specific, non-toxic and active in very
small amounts. Sex pheromones can be used both for moni-
toring pest insects and for disturbing their mating behaviour
(mating disruption technique), while aggregation phero-
mones have a potential in mass trapping (Gross 2013; Harari
2016). Recently, it was shown that climate change nega-
tively affects pheromone application in pest management (El
Sayed et al. 2021). Thus, there is a need for improving the
stability of semiochemicals under increasing temperatures
and UV radiation through the development of more efficient
chemical stabilisers including heat tolerant formulations by
microencapsulation or nano-fibre formulation or other smart
formulations that can protect semiochemicals from degrada-
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tion (El Sayed et al. 2021). Behavioural studies on odour-
mediated host plant — insect relationships should be also
further developed in future research, particularly if the goal
is to use allelochemicals in pest control (Thoming 2021).

Many novel trends, chemical and physical formulations
and research directions are reported in the present Special
Issue, which subsumed contributions from leading experts
in the growing research field on semiochemicals and semio-
physicals, mainly in an applied context. Five reviews and
four original research articles have been included after rig-
orous peer-review, focusing on all aspects of infosignals in
insect science and management.

The review by Nieri et al. (2022) introduces the term
semiophysicals as opposed to semiochemicals and focuses
on pest behavioural manipulation. They discuss the manipu-
lation of pest orientation through attractive/repellent stimuli,
the inhibition or promotion of specific pest behaviours, and
interferences with intraspecific communication through dis-
ruptive stimuli. For each approach, the authors provide exam-
ples for the use of both semiochemicals and semiophysicals.

The comprehensive review by Gross et al. (2022) aims
at providing an overview of interactions between phloem-
restricted bacterial plant pathogens and their vector insects,
which are mediated by primary and secondary plant metabo-
lites. It is organized in a bibliographic oriented part describ-
ing the current knowledge of phloem and volatile metabolite
mediated interactions between pathogens, their host plants,
their vector insects, and where information is available, their
antagonists. This part is followed by a comprehensive syn-
thesis of the reviewed literature, including novel trends on
pest management strategies of phloem-restricted bacteria, in
which semiochemicals are applied. Important research gaps
were identified and an outlook on future prospects is given.

Herbivorous mites commonly co-occur with several spe-
cies of phytoseiid predatory mites, which may engage in
intraguild predation. Predator mite decision-making relies
on their ability to recognize odours signalling the presence
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of the herbivore but also that of potential competitors/preda-
tors. The case study by Cruz-Miralles et al. (2022) revealed
that the volatile signature of each predatory mite is species
specific, the predators’ foraging behaviour is affected by het-
erospecific predator odours, and predator responses strongly
depend on the host plant.

Due to the high volatility and chemical instability
against UV light and oxidation, the use of semiochemicals
in plant protection often remains limited. Appropriate for-
mulations can protect them from environmental factors and
may improve release performance and duration triggering a
desired reaction in the target organism at the place of appli-
cation. The review by Muskat & Patel (2022) provides an
overview of recent innovations in semiochemical formula-
tion developed for insect behaviour manipulation, with an
emphasis on formulation aspects and formulation potential
for slow and controlled release of semiochemicals. The focus
in their review was set on inventions and studies aiming to
elucidate material and formulation properties that affect tar-
geted semiochemical release.

Another emphasis of this special issue is on mating dis-
ruption (MD) of pest insects. We start with a review on the
scientific and technological developments in mating disrup-
tion of scale insects by Franco et al. (2022). Only recently,
MD has been integrated in pest management of insect taxa
other than Lepidoptera, such as scale insects. The authors
present an overview of different aspects related with the
identification and analysis of scale sex pheromones, the bio-
logical traits that may influence the effectiveness of MD,
and the involved mechanisms. They then summarise what
is known about the development and application of MD for-
mulations in pest management of scales, and provide data
on the actual worldwide use of MD against scales. Finally,
they discuss the future prospects on the topic. The risk of
resistance to MD in moths is reviewed by Harari & Sharon
(2022). The review outlines the pathways that may lead to
reduced sensitivity or resistance to MD, suggesting three
main factors that may elicit resistance, namely a change in
the pheromone composition emitted by calling females, the
use of synthetic molecules that represent only a partial blend
out of the sex pheromone bouquet, and restricted gene flow
within the population. Multispecies formulations may con-
tribute to reducing application costs of MD. Ricciardi et al.
(2022) provide an example of this approach by presenting
the results of two-year field experiments to evaluate the
effectiveness a new double dispenser for simultaneous MD
of the European grapevine moth and the vine mealybug. A
new approach for pest management of the codling moth in
apple, by combining female removal with MD was tested by
Knight et al. (2022). The authors evaluated different lures
and examined the importance of trap type and density on
moth catches. The results showed the levels of fruit injury
could be reduced 50-75% across each moth flight.

Finally, Golov et al. (2022) investigated the possible
influence of female “quality” on male behaviour, using the

nocturnal pink bollworm moth as a model. They provide
experimental evidence that the pheromone-mediated mating
system in moths incorporates information used for mate-
finding and mate-assessment, with a possible source-detec-
tion mechanism, by which female quality may influence the
likelihood of a successful mate-finding.

Overall, we are convinced that this Special Issue exten-
sively reflects novel trends on semiochemicals and semio-
physicals for insect pest management, and we hopefully
expect that it may inspire other scientists to intensify research
on the challenges outlined in the published original articles
and reviews.

References

Cokl, A. A., & Millar, J. G. (2009). Manipulation of Insect
Signaling for Monitoring and Control of Pest Insects. In
I. Ishaaya & A. Horowitz (Eds.), Biorational Control of
Arthropod Pests (pp. 279-316). Dordrecht: Springer; https://
doi.org/10.1007/978-90-481-2316-2 11

Conchou, L., Lucas, P., Meslin, C., Proffit, M., Staudt, M., & Renou,
M. (2019). Insect odorscapes: From plant volatiles to natural
olfactory scenes. Frontiers in Physiology, 10, 972. https://doi.
org/10.3389/fphys.2019.00972

Cruz-Miralles, J., Cabedo-Lopez, M., Guzzo, M., Vacas, S.,
Navarro-Llopis, V., Ibafiez-Gual, M. V,, ... Jaques, J. A. (2022).
Host plant scent mediates patterns of attraction/repellence
among predatory mites. Entomologia Generalis, 42(2) 217—
229. https://doi.org/10.1127/entomologia/2021/1237

Dicke, M., & Sabelis, M. W. (1988). Infochemical terminology:
Should it be based on cost-benefit analysis rather than origin
of compounds? Functional Ecology, 2(2), 131-139. https://doi.
0rg/10.2307/2389687

El-Sayed, A. M., Ganji, S., Gross, J., Giesen, N., Rid, M., Lo, P. L.,
... Unelius, C. R. (2021). Climate change risk to pheromone
application in pest management. Naturwissenschaften, 108(6),
47. https://doi.org/10.1007/s00114-021-01757-7

Franco, J. C. (2020). Integrated Pest Management: Sustainable
Approach to Crop Protection. In W. Leal Filho, A. Azul,
L. Brandli, A. Lange Salvia, & T. Wall (Eds.), Life on Land.
Encyclopedia of the UN Sustainable Development Goals. Cham:
Springer; https://doi.org/10.1007/978-3-319-71065-5 84-1

Franco, J. C., Cocco, A., Lucchi, A., Mendel, Z., Suma, P.,
Vacas, S., ... Navarro-Llopis, V. (2022). Scientific and tech-
nological developments in mating disruption of scale insects.
Entomologia Generalis, 42(2) 251-273. https://doi.org/10.1127/
entomologia/2021/1220

Golov, Y., Liberzon, A., Gurka, R., Soroker, V., Jurenka, R., & Harari,
A. (2022). Navigation in an odorant-landscape: Mate finding
and mate choice in a nocturnal moth. Entomologia Generalis,
42(2) 323-334. https://doi.org/10.1127/entomologia/2021/1276

Gross, J. (2013). Drugs for bugs: The potential of infochemicals
mediating insect-plant-microbe interactions for plant protection
and medicine. In D. Gang (ed.), Phytochemicals, Plant Growth,
and the Environment (pp 79-93). Springer New York, New
York, NY, https://doi.org/10.1007/978-1-4614-4066-6_5

Gross, J., & Giindermann, G. (2016). Principles of IPM in Cultivated
Crops and Implementation of Innovative Strategies for

C7169/17651/976187CE

20220309-174852


https://doi.org/10.1007/978-90-481-2316-2_11
https://doi.org/10.1007/978-90-481-2316-2_11
https://doi.org/10.3389/fphys.2019.00972
https://doi.org/10.3389/fphys.2019.00972
https://doi.org/10.1127/entomologia/2021/1237
https://doi.org/10.2307/2389687
https://doi.org/10.2307/2389687
https://doi.org/10.1007/s00114-021-01757-7
https://doi.org/10.1007/978-3-319-71065-5_84-1
https://doi.org/10.1127/entomologia/2021/1220
https://doi.org/10.1127/entomologia/2021/1220
https://doi.org/10.1127/entomologia/2021/1276
https://doi.org/10.1007/978-1-4614-4066-6_5

Sustainable Plant Protection. In A. R. Horowitz (Ed.), Advances
in Insect Control and Resistance Management. Principles of IPM
in cultivated crops and implementation of innovative strategies
for sustainable plant protection (pp. 9-26). Cham, Switzerland:
Springer. https://doi.org/10.1007/978-3-319-31800-4 2

Gross, J., Gallinger, J., & Gorg, L. (2022). Interactions between
phloem-restricted bacterial plant pathogens, their vector insects,
host plants, and natural enemies mediated by primary and sec-
ondary plant metabolites. Entomologia Generalis, 42(2) 185—
215. https://doi.org/10.1127/entomologia/2021/1254

Harari, A. (2016). Disruption of insect reproductive systems as
a tool in pest control. In R. A. Horowitz & 1. Ishaaya (Eds.),
Advances in Insect Control and Resistance Management),
Springer Science + Business Media B.V. Dordrecht, The
Netherlands. https://doi.org/10.1007/978-3-319-31800-4 6

Harari, A., & Sharon, R. (2022). The contemporary and prospective
risks of resistance to the mating disruption method in moths.
Entomologia Generalis, 42(2) 275-288. https://doi.org/10.1127/
entomologia/2021/1275.

Hill, P. S. M., Mazzoni, V., Narins, P., Virant-Doberlet, M., &
Wessel, A. (2019). Quo Vadis, Biotremology? (pp. 3—14). Cham:
Springer; https://doi.org/10.1007/978-3-030-22293-2 1

Editorial 165

Knight, A. L., Preti, M., Basoalto, E., Mujica, M. V., Favaro, R.,
& Angeli, S. (2022). Combining female removal with mat-
ing disruption for management of Cydia pomonella in apple.
Entomologia Generalis, 42(2) 309-321. https://doi.org/10.1127/
entomologia/2021/1316

Muskat, L. C., & Patel, A. V. (2022). Innovations in semiochemical
formulations. Entomologia Generalis, 42(2) 231-249. https://
doi.org/10.1127/entomologia/2021/1230

Nieri, R., Anfora, G., Mazzoni, V., Rossi Staccioni, M. V. (2022).
Semiochemicals, semiophysicals and their integration for the
development of innovative multi-modal systems for agricultural
pests’ monitoring and control. Entomologia Generalis, 42(2)
167—183. https://doi.org/10.1127/entomologia/2021/1236

Ricciardi, R., Benelli, G., Suma, P., Cosci, F., Di Giovanni, F.,
Zeni, V., ... Lucchi, A. (2022). One device for two pests: A new
double dispenser for mating disruption of Lobesia botrana and
Planococcus ficus. Entomologia Generalis, 42(2) 289-307.
https://doi.org/10.1127/entomologia/2021/1228

Thoming, G. (2021). Behavior Matters — Future Need for Insect
Studies on Odor-Mediated Host Plant Recognition with the Aim
of Making Use of Allelochemicals for Plant Protection. Journal
of Agricultural and Food Chemistry, 69(36), 10469-10479.
https://doi.org/10.1021/acs.jafc.1c03593

C7169/17651/976187CE

20220309-174852


https://doi.org/10.1007/978-3-319-31800-4_2
https://doi.org/10.1127/entomologia/2021/1254
https://doi.org/10.1007/978-3-319-31800-4_6
https://doi.org/10.1127/entomologia/2021/1275
https://doi.org/10.1127/entomologia/2021/1275
https://doi.org/10.1007/978-3-030-22293-2_1
https://doi.org/10.1127/entomologia/2021/1316
https://doi.org/10.1127/entomologia/2021/1316
https://doi.org/10.1127/entomologia/2021/1230
https://doi.org/10.1127/entomologia/2021/1230
https://doi.org/10.1127/entomologia/2021/1236
https://doi.org/10.1127/entomologia/2021/1228
https://doi.org/10.1021/acs.jafc.1c03593

