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Abstract: Soils are biodiversity-dense and constantly carry chemical flows of information, with our
mental image of soil being dark and quiet. But what if soil biota tap sound, or more generally,
vibrations as a source of information? Vibrations are produced by soil biota, and there is accumulating
evidence that such vibrations, including sound, may also be perceived. We here argue for potential
advantages of sound/vibration detection, which likely revolve around detection of potential danger,
e.g., predators. Substantial methodological retooling will be necessary to capture this form of
information, since sound-related equipment is not standard in soils labs, and in fact this topic is very
much at the fringes of the classical soil research at present. Sound, if firmly established as a mode of
information exchange in soil, could be useful in an ‘acoustics-based’ precision agriculture as a means
of assessing aspects of soil biodiversity, and the topic of sound pollution could move into focus for
soil biota and processes.
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1. Background

Soils are rich in biodiversity [1], and as a consequence of this diversity of life, information flows in
soil are omnipresent. The rhizosphere has been described frequently as an ‘information superhighway’
for the exchange of chemical signals between plants and soil microbes and among soil organisms [2].
All this exchange of information (e.g., symbiont recognition, quorum sensing, allelopathy) is thought
to be chemical in nature, and the prevalent impression of soil is that it is dark and quiet. But what if
sound, or more generally vibrations (with sound being the vibrations humans can hear), is tapped by
soil biota as a source of information as well (Figure 1)?

There certainly is plenty of evidence that soil organisms produce sound, which might be perceived
by microbes. For example, a recent paper measured the sounds produced by earthworms or growing
roots using piezoelectric sensors [3]. There is also evidence, albeit scarcer, that soil organisms can
respond to sound or vibrations. For example, earthworm grunting is a technique used to harvest
earthworms that involves the use of sound produced by rhythmically scraping a wooden stake
inserted into the ground, which was studied experimentally [4]. The biological backdrop is likely that
earthworms can either sense a predator or falling rain, which produces sound in similar frequencies.
Isopods have been shown to exhibit behavioral responses to acoustic stimuli under lab conditions [5].
Plants also have mechano-reception, and roots may alter their growth in reaction to certain vibrations
and sounds [6]. The list of organisms that utilize sound also includes microbes: several studies have
shown that microbes can respond to sound under laboratory conditions by changing gene expression
and metabolism (e.g., yeast [7], bacteria [8]). In fact, physical transmission of information in soil
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comes with its distinct advantages, especially for microbes: it is extremely fast, energy-efficient,
and potentially operating over larger distances compared to the limits imposed by the production
and diffusion of chemical signals in soil [9]. For example, quorum sensing typically operates in the
range of micrometers, whereas physical signals, such as sound, can be operational over distances up to
centimeters, depending on the properties of the medium [9].Soil Syst. 2019, 3, x FOR PEER REVIEW 2 of 5 

 

 

Figure 1. An artist’s impression of sounds in soil. This installation, created by Karine Bonneval, is 
entitled ‘Listen to the Soil’ and consists of a layer of soil and a set of 12 ceramic pieces (myxomycete 
fruiting body-like objects) that emit sounds from different types of soils. The installation was created 
in collaboration with Fanny Rybak, a bioacoustician at NeuroPSI, Orsay, Paris Sud University. 
Ceramics were made by Charlotte Poulsen, with the help of Diagonale Paris-Saclay and DRAC 
Centre-Val de Loire, Micro Onde art center. Artist Karine Bonneval was hosted by the Rillig lab. The 
installation is meant to offer observers another way to experience the typically invisible soil 
inhabitants through the sounds they produce. Photo by K. Bonneval, showing part of the installation. 
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Figure 1. An artist’s impression of sounds in soil. This installation, created by Karine Bonneval,
is entitled ‘Listen to the Soil’ and consists of a layer of soil and a set of 12 ceramic pieces (myxomycete
fruiting body-like objects) that emit sounds from different types of soils. The installation was created in
collaboration with Fanny Rybak, a bioacoustician at NeuroPSI, Orsay, Paris Sud University. Ceramics
were made by Charlotte Poulsen, with the help of Diagonale Paris-Saclay and DRAC Centre-Val de
Loire, Micro Onde art center. Artist Karine Bonneval was hosted by the Rillig lab. The installation is
meant to offer observers another way to experience the typically invisible soil inhabitants through the
sounds they produce. Photo by K. Bonneval, showing part of the installation.
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2. How Sound Might Carry Useful Information for Soil Biota

How specifically might sound carry useful information for soil microbes? We do not know this
yet. Perhaps, filamentous fungi can perceive the sound of hyphal grazers. There would be advantages
of vibration detection as a warning signal: the fungal mycelium could avoid advancing into areas of
intense animal activity, for example of collembola or earthworms (the distribution of animals in soil
tends to be quite clustered), or the fungus could mount defense-related actions (induced defense) when
it encounters an impending attack by microarthropods or nematodes [10]. Beyond avoidance in space
and upregulation of defense, a third possible fungal response to sound could be increased sporulation.
Such an early detection of enemies would carry a selection advantage compared to an unprimed status.
A similar ‘warning’ function could also be in place for bacteria and their predators (e.g., protists and
nematodes). For soil bacteria, protozoa are a major source of mortality, and thus defenses against
these predators are present in the form of chemical defenses, surface modification, micro-colony
formation, and increased motility [11]. Bacterial biofilm formation has also been shown to be sensitive
to vibrations under controlled conditions [12]. Clearly, flight responses could be triggered by sound,
and to the extent that these substances are inducible and not constitutively expressed, also secondary
metabolites functioning in defense might be upregulated. Such warning signals could be specific to
the particular predators of fungi or bacteria, but an alternative is that sound and vibration in general
could be perceived as a ‘danger’ signal. For example, the sounds produced by earthworms or digging
animals (like gophers) could signal a disturbance that would be expected to rupture the mycelium of
filamentous fungi or bacterial biofilms, and thus it may be worth reacting to such sound cues.

Clearly, signals of danger are one possibility for how sound could carry information. Given that
roots also produce sound when growing [3], perhaps this sound can be perceived by root-colonizing or
root-associated microbes, indicating a source of carbon. Such sound signals could complement the
biochemical signals already known to be in operation in the rhizosphere [2]. In addition, the possibility
of communication by physical signals, including sound, among bacteria has also been discussed [9].

3. Potential Applications in Biodiversity Monitoring and Agricultural Management

With sounds aboveground and in aquatic ecosystems becoming captured more frequently to
describe soundscapes for biodiversity monitoring purposes (‘eco-acoustics’ [13,14]), it is interesting to
speculate if in the future we could use similar sound profiles from soil to arrive at non-destructive
estimates of soil biodiversity, at least initially for soil animals; depending on the importance of
interfering factors, perhaps this could work from the body size of microarthropods up. Specific sounds,
like those that some insect pests are known to produce (e.g., tree-inhabiting insects; [15]), could even
be used to specifically track agricultural pests and direct the use of insecticides to areas that have been
detected using the sounds these insects produce: a kind of acoustics-based precision agriculture.

In addition, one could imagine that pests may react to sounds in various ways that could reduce
their activity or change their behavior, thereby decreasing crop damage. Can we produce sounds that
could act as ‘acoustic pesticides’?

4. Soil Sound Pollution?

One may also wonder if the sounds we produce, especially in urban areas or near roadways or
those emanating from heavy agricultural machinery, might adversely affect soil biota, much like what
has been demonstrated to be the case in aquatic environments. Some sounds travel extremely well in
soils, which is exploited in worm grunting, and could thus affect relatively large areas. Can acoustic
pollution interfere with communication in the soil or could it mimic signals of danger?

5. Approaches for Studying Sound

If we accept that there is a physical layer of communication in the soil, how can we study it?
This requires a methodological retooling that will not be straightforward, since capturing, recording,
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and replaying relevant sounds in an acoustically insulated environment at the scale required is a
challenge [3,16]. One of the potential challenges is sound attenuation in porous media, which has
been studied in the context of localizing buried objects [17]. Studies such as this have documented
that the acoustic attenuation coefficient depends on soil properties such as water content and degree
of compaction. This will impose limits on the measurement and external validity of examinations
of sound. Interference from other sounds produced in soil may also present an important problem
to overcome. For example, Naderi-Boldaji et al. [18] showed that physical changes in soil produce
acoustic emissions; also, other processes, like water flow, shrinking, and swelling may produce such
emissions that would need to be disentangled from biological signals.

6. Conclusions

Sound does not yet appear in the soil science, ecology, or microbiology curriculum, and thinking
about sound is currently very much at the fringes of investigating and managing soil biota. It is
important to keep in mind that this was also once the case for plant communication via volatiles,
now an established topic. Perhaps it is now time for a concerted research effort into the perception of
sound and its consequences for ecology and evolution of biota in the soil: a whole new world may
be waiting for us and, perhaps, also a new way to relate to soil biota, which can be explored in soil
science research.

Author Contributions: Conceptualization, M.C.R. and J.L.; writing—original draft preparation, M.C.R.;
writing—review and editing, J.L. and K.B.; visualization, K.B.

Funding: This research was funded by the DFG-Collaborative Research Center 973 (Priming of organismic
responses to stress) and an ERC Advanced Grant (Gradual Change) to M.C.R. We acknowledge support by the
Open Access Publication Initiative of Freie Universität Berlin.

Acknowledgments: We thank the Rillig lab for discussions on this topic.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bardgett, R.D.; van der Putten, W.H. Belowground biodiversity and ecosystem functioning. Nature 2014, 515,
505–511. [CrossRef] [PubMed]

2. Bais, H.P.; Park, S.W.; Weir, T.L.; Callaway, R.M.; Vivanco, J.M. How plants communicate using the
underground information superhighway. Trends Plant Sci. 2004, 9, 26–32. [CrossRef] [PubMed]

3. Lacoste, M.; Ruiz, S.; Or, D. Listening to earthworms burrowing and roots growing—Acoustic signatures of
soil biological activity. Sci. Rep. 2018, 8, 2045–2322. [CrossRef] [PubMed]

4. Mitra, O.; Callaham, M.A.; Smith, M.L.; Yack, J.E. Grunting for worms: Seismic vibrations cause Diplocardia
earthworms to emerge from the soil. Biol. Lett. 2009, 5, 16–19. [CrossRef] [PubMed]

5. Cividini, S.; Montesanto, G. Changes in turn alternation pattern in response to substrate-borne vibrations in
terrestrial isopods. Behav. Process. 2018, 146, 27–33. [CrossRef] [PubMed]

6. Gagliano, M.; Mancuso, S.; Robert, D. Towards understanding plant bioacoustics. Trends Plant Sci. 2012, 17,
323–325. [CrossRef] [PubMed]

7. Aggio, R.B.M.; Obolonkin, V.; Villas-Boas, S.G. Sonic vibration affects the metabolism of yeast cells growing
in liquid culture: A metabolomic study. Metabolomics 2012, 8, 670–678. [CrossRef]

8. Kothari, V.; Joshi, C.; Patel, P.; Mehta, M.; Dubey, S.; Mishra, B.; Sarvaiya, N. Influence of a mono-frequency
sound on bacteria can be a function of the sound-level. bioRxiv 2016. bioRxiv:071746. [CrossRef]

9. Reguera, G. When microbial conversations get physical. Trends Microbiol. 2011, 19, 105–113. [CrossRef]
[PubMed]

10. Schmieder, S.S.; Stanley, C.E.; Rzepiela, A.; van Swaay, D.; Sabotic, J.; Norrelykke, S.F.; deMello, A.J.; Aebi, M.;
Kunzler, M. Bidirectional propagation of signals and nutrients in fungal networks via specialized hyphae.
Curr. Biol. 2019, 29, 217–228. [CrossRef] [PubMed]

11. Matz, C.; Kjelleberg, S. Off the hook—How bacteria survive protozoan grazing. Trends Microbiol. 2005, 13,
302–307. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/nature13855
http://www.ncbi.nlm.nih.gov/pubmed/25428498
http://dx.doi.org/10.1016/j.tplants.2003.11.008
http://www.ncbi.nlm.nih.gov/pubmed/14729216
http://dx.doi.org/10.1038/s41598-018-28582-9
http://www.ncbi.nlm.nih.gov/pubmed/29980792
http://dx.doi.org/10.1098/rsbl.2008.0456
http://www.ncbi.nlm.nih.gov/pubmed/18854292
http://dx.doi.org/10.1016/j.beproc.2017.11.005
http://www.ncbi.nlm.nih.gov/pubmed/29129725
http://dx.doi.org/10.1016/j.tplants.2012.03.002
http://www.ncbi.nlm.nih.gov/pubmed/22445066
http://dx.doi.org/10.1007/s11306-011-0360-x
http://dx.doi.org/10.17485/ijst/2018/v11i4/111366
http://dx.doi.org/10.1016/j.tim.2010.12.007
http://www.ncbi.nlm.nih.gov/pubmed/21239171
http://dx.doi.org/10.1016/j.cub.2018.11.058
http://www.ncbi.nlm.nih.gov/pubmed/30612903
http://dx.doi.org/10.1016/j.tim.2005.05.009
http://www.ncbi.nlm.nih.gov/pubmed/15935676


Soil Syst. 2019, 3, 45 5 of 5

12. Murphy, M.F.; Edwards, T.; Hobbs, G.; Shepherd, J.; Bezombes, F. Acoustic vibration can enhance bacterial
biofilm formation. J. Biosci. Bioeng. 2016, 122, 765–770. [CrossRef] [PubMed]

13. Farina, A. Ecoacoustics: A Quantitative Approach to Investigate the Ecological Role of Environmental
Sounds. Mathematics 2019, 7, 21. [CrossRef]

14. Gibb, R.; Browning, E.; Glover-Kapfer, P.; Jones, K.E. Emerging opportunities and challenges for passive
acoustics in ecological assessment and monitoring. Methods Ecol. Evol. 2019, 10, 169–185. [CrossRef]

15. Pinhas, J.; Soroker, V.; Hetzroni, A.; Mizrach, A.; Teicher, M.; Goldberger, J. Automatic acoustic detection of
the red palm weevil. Comput. Electron. Agric. 2008, 63, 131–139. [CrossRef]

16. Veits, M.; Khait, I.; Obolski, U.; Zinger, E.; Boonman, A.; Goldshtein, A.; Saban, K.; Ben-Dor, U.; Estlein, P.;
Kabat, A.; et al. Flowers respond to pollinator sound within minutes by increasing nectar sugar concentration.
bioRxiv 2018. bioRxiv:507319. [CrossRef] [PubMed]

17. Oelze, M.L.; O’Brien, W.D.; Darmody, R.G. Measurement of attenuation and speed of sound in soils. Soil Sci.
Soc. Am. J. 2002, 66, 788–796. [CrossRef]

18. Naderi-Boldaji, M.; Bahrami, M.; Keller, T.; Or, D. Characteristics of acoustic emissions from soil subjected to
confined uniaxial compression. Vadose Zone J. 2017, 16. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jbiosc.2016.05.010
http://www.ncbi.nlm.nih.gov/pubmed/27338651
http://dx.doi.org/10.3390/math7010021
http://dx.doi.org/10.1111/2041-210X.13101
http://dx.doi.org/10.1016/j.compag.2008.02.004
http://dx.doi.org/10.1111/ele.13331
http://www.ncbi.nlm.nih.gov/pubmed/31286633
http://dx.doi.org/10.2136/sssaj2002.7880
http://dx.doi.org/10.2136/vzj2017.02.0049
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Background 
	How Sound Might Carry Useful Information for Soil Biota 
	Potential Applications in Biodiversity Monitoring and Agricultural Management 
	Soil Sound Pollution? 
	Approaches for Studying Sound 
	Conclusions 
	References

