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Vibrational signaling mechanisms and contexts (#) in a phylogenetic framework (phylogenetic relationships based on those in
References 162 and 165) and (b,c) quantified by the family-level occurrence [(#) mechanisms, #» = 145; (¢) contexts, n = 146]. The
analysis is based on the information in Supplemental Table 1. In addition to the four predominating mechanisms, air expulsion in
cockroaches (traditionally considered acoustic) elicits intense vibrations in the substrate (147). Of the overall social functions quantified,
only the most common are shown individually. Defense only relates to examples where the deterring function of substrate-borne signals
has been demonstrated or suggested based on arthropod predators. Contace vibrational signaling and the hypothesized modes or

contexts are not considered in this analysis.
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Plant protection and biotremology: fundamental
and applied aspects

Apostolos Pekas @, '**® Vaerio Mazzoni ©,% Heidi Appel @, * Reginaid Cocroft @, * and Marcel Dicke ©*

There is overwhelming evidence that synthetic pesticides have a negative impact  Highlights

on the environment and human health, emphasizing the need for novel and SUS- Pt (ee sibatets bome VErtiors 1o

tainable methods for plant protection. A growing body of literature reports that et wh both biode and ablose

plants interact through substrate-borne vibrations with arthropod pests and muy- 0% # Mar avcoment.

tualistic arthropods that provide biological control and pollination services. Here, g gauts tome vibsations piy & kiy

we propose a new theoretical framework that integrates insights from biological ok n he detsction of hetwery ind

control, the ecolegy of fear, and plant-borne vibrations, 10 address plant-insect  the reactions between gt and

interactions and explore new, sustainable opportunities to Improve plant health ~ Poneton

and productivity. Mone than 140 000 meces of anto-
pods, rcixding mage pasts and cam

Pekas et al. (2023)

Key figure

Hypotheses integrating biological control, the ecology of fear, and
biotremology to improve plant health and productivity

Hypotheses integrating biological control, the ecology of fear and biotremology
to improve plant health and productivity

Conditioning arthropod

A” predators and parasitoids to
J~ T . the substrate-borne

Y N vibrations caused by their
prey may enhance their

capacity to locate and
control pests in the field

Reproducing predator
substrate-borne vibrations
e on plants may amplify the
e ecology of fear effect, and
72BN R reduce plant damage by
repelling or slowing the

development of pest
populations
Predator or
pollinator
substrate-borne
vibrations Plants will allocate more

resources to growth or
reproduction, rather than
defence, if they perceive
i - predator or pollinator
substrate-borne vibrations

Mini-shaker
Trends in Plant Science

Figure 3. Substrate-borne vibrations of predators, polinators, or abiotic factors can be recorded using a laser vibrometer (for
details, see [43]). Subsequently, they can be accurately reproduced using appropriate equipment, such as mini-shakers. This
figure shows a mini-shaker attached to the plant with a rod reproducing substrate-borne vibrations emitted by the predatory
arthropod Macrolophus pygmasus [44]. For adetailed description of the hypotheses shown herg, please see Box 1. Created
with BioRender (BioRender.com).
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