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Introduction:
Do Plants Listen to the World Around Them?

Plants are typically regarded as silent and immobile organisms, reacting passively to
their environment. However, research in the field of phytoacoustics, or plant acoustics, has
opened a new chapter in understanding how plants interact with their surroundings. Far from
being passive, plants can detect and respond to various stimuli, including sound. This emerging
field explores the ability of plants to perceive mechanical vibrations caused by sound waves

and respond in ways that impact their physiology, growth, and defense mechanisms.
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Figure 1. Microphones that pick up high-pitched sounds eavesdropped on plants
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(Experiments on plant acoustics by Prof. Lilach Hadany at Tel Aviv University, Israel).
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Recent studies have unveiled that plants can react to specific frequencies of sound,
much like how they respond to light, temperature, and humidity. This raises fascinating
questions: Can plants "hear"? What do they do in response to sound? The answers lie in their
remarkable biological complexity, which may soon revolutionize our understanding of plant-
environment interactions and even agricultural practices.

How Do Plants Detect Sound?

Plants do not have ears or a nervous system, so how do they "hear"? While plants lack
the auditory structures found in animals, they possess sensitive mechanoreceptors that can
detect mechanical changes, including vibrations caused by sound waves. These receptors, often
located in the cell membranes and walls, can trigger a cascade of physiological processes in
response to mechanical stimuli.

One of the leading hypotheses is that sound waves create mechanical vibrations that
alter the tension in the plant's cell walls, leading to changes in cellular functions. This is akin
to how human mechanoreceptors respond to touch. When sound waves at particular frequencies
strike a plant, the resulting vibrations may activate calcium channels, triggering intracellular
signaling pathways that lead to observable responses.

For example, a study by Appel and Cocroft (2014) demonstrated that when Arabidopsis
plants were exposed to the sound of caterpillars feeding on their leaves, the plants produced
more glucosinolates, chemical compounds that deter herbivores. This finding suggests that
plants can detect vibrations and actively modify their defense strategies in response.

Sound and Plant Growth: Music to Their Roots

Beyond defense, sound waves have been shown to affect plant growth and
development. Certain sound frequencies can stimulate growth processes, influencing root
elongation, seed germination, and even flowering patterns.

A key example comes from research on wheat (Triticum aestivum), which found that
exposure to sound waves at 5 kHz resulted in increased root growth and enhanced
photosynthetic rates. This suggests that plants can utilize sound as an environmental cue to
optimize growth under specific conditions. Similarly, sound stimulation has been found to
accelerate the germination of seeds, particularly when they are exposed to low-frequency

vibrations.
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Another study examined Dendrobium officinale, a species of orchid, and found that
specific sound frequencies enhanced shoot differentiation and overall plant development.
These discoveries offer promising avenues for agricultural applications, such as optimizing
crop yields by exposing plants to beneficial sound frequencies.

The mechanism behind these growth-enhancing effects remains unclear, though
scientists hypothesize that sound waves might influence gene expression related to growth
hormones like auxins and gibberellins. Understanding how sound affects these pathways could
lead to innovations in sound-based agricultural technologies.

Plants React to Environmental Sounds: A Defense Against Herbivores

One of the most intriguing discoveries in plant acoustics is that plants may be able to
sense when they are under attack. When exposed to the sound of herbivores chewing on leaves,
certain plants ramp up their chemical defenses, producing compounds that deter the attacking
organisms.

The previously mentioned study by Appel and Cocroft (2014) found that Arabidopsis
thaliana could distinguish between the sound of caterpillar feeding and other environmental
noises, such as wind or insect movement. When exposed to the sounds of herbivory, the plant
activated its defensive chemical pathways, producing more glucosinolates. This suggests that
plants can "hear" their predators and react accordingly, an ability previously thought to be
limited to animals.

These findings indicate that sound could play a role in plant defense mechanisms,
allowing them to detect threats before they cause irreversible damage. Understanding how
plants use sound as a cue for defense opens up the possibility of utilizing sound in pest control
strategies, where specific sound frequencies could be used to trigger a plant's defense systems,
reducing the need for chemical pesticides.

Can Plants Produce Sounds?

Beyond detecting sound, research also suggests that plants may be capable of emitting
sounds under certain conditions. When plants experience water stress or other environmental
challenges, they may produce high-frequency acoustic emissions, often referred to as
"cavitation sounds."

Cavitation occurs when air bubbles form in the plant's xylem vessels, which transport

water from the roots to the leaves. These bubbles create stress within the vascular system and
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can disrupt water flow. Some studies have shown that plants emit ultrasonic clicks as a result

of cavitation, particularly during drought conditions. These acoustic emissions may serve as
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distress signals, indicating the plant's water needs and potential risk of dehydration.

While human ears cannot detect these sounds, specialized acoustic sensors can pick
them up, offering the potential for developing technologies to monitor plant health in real-time.

Farmers could use this information to optimize irrigation, ensuring that crops receive water

before reaching critical stress levels.

Mechanisms of Sound-Induced Signal Transduction in Plants
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Figure 1. A typical pathway for sound signal transduction in plants (Demey et al., 2023)

On the left side of the diagram, evidence-based molecular interactions are displayed,
while the right side presents hypothetical mechanisms. Gaps in current knowledge are marked
in yellow. It is demonstrated that sound initiates the activation of an unidentified
mechanosensitive (MS) Ca?" channel, leading to an influx of Ca®" into the cytosol.

Simultaneously, potassium (K*) is moved from the cytosol to the extracellular matrix (ECM).
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This is followed by a rapid increase in reactive oxygen species (ROS). Both ROS and Ca?*
serve as triggers for various transcription factors (TFs), which modulate the expression of
specific gene categories.

Trichomes are theorized to act as sensors for sound, activating MS ion channels in
nearby cells. While sound might directly stimulate MS ion channels, it is postulated that
trichomes accelerate this process. Additionally, sound may induce changes in the ECM, such
as altering pectin structures. The ECM is sensed by wall-associated kinases (WAKS) or
Catharanthus roseus receptor-like kinases (CrRLKSs), which subsequently phosphorylate
signaling molecules. It remains uncertain whether the MS Ca?* ion channels and
WAKS/CrRLKs operate cooperatively or independently.

Cytosolic free Ca?* may bind to EF-hand motifs of respiratory burst oxidase homologs
(RBOHs), leading to the production of superoxide anion radicals (O*") in the ECM. These
radicals are then converted to hydrogen peroxide (H202) and either transported back into the
cytosol or follow a similar pathway as previously described. Additionally, sound-induced
biosynthesis of ethylene has been observed. Sound can also trigger epigenetic changes, and the
extent of sound-driven chromatin remodeling is likely substantial.

Applications of Plant Acoustics in Agriculture

The implications of plant acoustics extend far beyond theoretical biology; they hold
practical potential for improving agricultural practices and crop management. By
understanding how plants detect and respond to sounds, scientists and farmers could employ
sound-based technologies to enhance plant growth, protect crops from pests, and improve water
use efficiency.

For example, sound-based systems could be used in greenhouses or fields to promote
faster plant growth by exposing crops to beneficial sound frequencies. Additionally, acoustic
sensors could monitor plant health, alerting farmers to water stress or pest attacks before visual
symptoms appear.

There is also potential for integrating sound-based pest control methods, where specific
sounds could activate a plant's defense system, reducing reliance on chemical pesticides. These
technologies could contribute to more sustainable farming practices, minimizing the

environmental impact of agriculture.
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Challenges and Future Directions

While the research in plant acoustics is promising, several challenges remain. One of
the primary hurdles is standardizing sound experiments, as different plant species may respond
to sound in unique ways, and environmental variables can influence outcomes. Additionally,
the long-term effects of sound exposure on plants are still not well understood.

Further research is needed to uncover the molecular and genetic mechanisms that allow
plants to detect and respond to sound. As scientists continue to investigate these processes, the
field of plant acoustics is likely to expand, offering new insights into the hidden lives of plants
and their complex interactions with their environment.

Conclusion: A New Soundscape for Plants

Plant acoustics is a burgeoning field that challenges our traditional view of plants as
silent, passive organisms. Research shows that plants can detect and respond to sound in ways
that influence their growth, defense, and overall health. Whether it's enhancing root
development with sound waves or using acoustic sensors to monitor water stress, the potential
applications of plant acoustics in agriculture are vast.

As we continue to explore the world of plant acoustics, one thing is clear: plants have
been "listening” all along, and it's time we tuned in to their silent symphony.
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