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Abstract: The Special Issue ‘Insect physical control: electric field-based pest management approach’
was launched to showcase valuable new research on pest control using applied electrostatic
engineering. Some phenomena generated in static and dynamic electric fields can be used to
build new devices to capture or kill target insects using an attractive force or a force striking insects
entering an electric field. This research field is new, and there are few researchers currently working
within it. Consequently, this editorial introduces the history and general principles of electric field
generation. I then discuss future directions for this field.
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1. Generation and Characterization of Electric Fields

A conductor can be electrified by connecting it to a grounded negative- or positive-voltage
generator. A voltage generator is used to increase the initial voltage to achieve the desired voltage using
a transformer (coil) and a Cockcroft circuit integrated into an electric circuit in the voltage generator.
The difference between negative- and positive-voltage generators is that the Cockcroft circuit is set
so that negative electricity (i.e., free electrons) moves in the reverse direction. A negative-voltage
generator draws free electrons from the ground (an infinite source or sink of electrons—in this case,
a source) and supplies electrons to the conducting wire. A negative charge accumulates on the
surface of the conductor. With an insulated conductor, negative charges on the conductor induce
dielectric polarisation of the insulated coating of the conductor, negatively electrifying the outer
surface of the insulator. A positive-voltage generator pushes free electrons to ground (an infinite
sink of electrons) to positively charge the conductor (positive electrification). The surface of the
conductor becomes positively charged due to electrostatic induction. In an insulated conductor,
positive electrification of the conductor causes the insulating coating to become positively charged as a
result of dielectric polarisation.

Figure 1 shows various electric-field configurations. An electrostatic field forms in the space
surrounding a charged, insulated conductor used as a single pole. In this field, the electricity that
accumulates on the charged conductor is not released (i.e., it is not discharged) in the field. By contrast,
the electric field formed between oppositely charged poles may result in an electrical discharge if the
applied voltage exceeds a particular limit, regardless of whether the conductor is insulated. This type
of electric field is distinguished by the presence or absence of a discharge. Hereafter, a non-discharging
electric field is referred to as a static electric field and a discharge-generating electric field as a dynamic
electric field. The amount of electricity required for electrification is proportional to, and increases
with, the applied voltage of the voltage generator. The applied voltage corresponds to the potential
difference from the earth ground. In electrostatic and static electric fields, a larger potential difference
creates more remarkable electrostatic phenomena, as a result of the greater attractive or repulsive
force generated in the electric field. This allows the capture of spores and insect pests that enter the
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electric field. Especially, a static electric field exerts sufficient force to capture various insect pests.
The main characteristic of a static electric field is the negative charge of the insulated conductor,
which creates a strong repulsive force against other negative charges (electrons) in the electric field,
pushing them toward the ground. Via this mechanism, any conductor that enters this field is deprived
of its free electrons (negative electricity) and becomes positively charged. This phenomenon is called
discharge-mediated positive electrification of the conductor. An insect that enters a static electric field
is deprived of free electrons in the cuticle layer and becomes positively charged. Positively electrified
insects are attracted to the insulated conductor. This force is so strong that the captured insect cannot
escape. This capture mechanism is applicable to almost all insects.
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A dynamic electric field causes the discharge of charged conductors. Factors related to the discharge
of substances include the (1) voltage applied, (2) distance between poles, (3) potential difference between
the two poles, (4) capacitance of the recipient receiving electricity, (5) air conductivity, and (6) volume
resistivity of the insulator used for coverage. Of these factors, if an earthed conductor is one of the
poles, discharge occurs more readily, as the earth receives electricity without any restriction. Assuming
air is the medium, the volume of the conductive substances involved affects the insulation resistance of
the air (i.e., air conductivity). A major factor is the vapour concentration in the air (i.e., the absolute
humidity). The conductivity of the air increases with the vapour concentration, and an electric current is
generated more easily in air under these conditions. Discharge is defined as electric current generation
between opposite poles as a result of the dielectric breakdown of gases in the electric field by the
potential difference between the poles. In a positively charged conductor, a corona discharge can
change from a glow discharge (corona discharge surrounding the tip) to a streamer discharge via a
brush-like discharge by increasing the applied voltage or decreasing the distance between the poles.
The discharge finally breaks down into an arc discharge between the two poles. If the conductor is
negatively charged, the corona is induced at lower voltages than at a positive needle pole. Although
a glow corona with a short streamer discharge is generated, it does not grow and is followed by a
complete breakdown in the form of an arc discharge. The strong force of a high-voltage-mediated arc
discharge can dismember pests that enter an electric field.

2. Electric Field-Based Pest Management Approaches

The electric field screen, first introduced in 2006, is an air-shielding apparatus based on the
principles and techniques of applied electrostatic engineering [1]. Initially, the apparatus was presented
as a new device to capture the airborne conidia (spores) of phytopathogenic fungi during crop
cultivation in a greenhouse. As the research progressed, the targets of the screen were expanded from
fungal spores [2,3] to include flying insect pests [4,5], pollen grains that cause pollenosis [6], and fine
particles of tobacco smoke [7,8] by optimising the structure of the electric field screen and its capture
capabilities. Advances in electric field screen technology have allowed broader application of the
device, from agricultural fields, e.g., crop production, processing, and storage, to environmental fields
and public health science.

The two types of electric field screen used for insect capture were first reported in 2008 [4] and
2011 [5]. Subsequently, the focus of electric field screen research has been to (1) explain the mechanisms
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of insect capture [9–12], (2) devise practical applications to pest control [13–17], and (3) develop
electric field screen devices for pest control [18–22]. These works provide an experimental basis for
an alternative to conventional pest control. In two of the works mentioned above [5,14], we realised
that insects find entering the static electric field of a single-charged dipolar electric field screen highly
aversive. Avoidance behaviour has been detected in 82 insect species, belonging to 17 orders, 42 families,
and 45 genera [23], which shed light on a new function of electric field screens; however, the question
of how insects perceive an electric field remain unsolved and only one recent study has addressed this
issue [24]. Additional studies are eagerly awaited.

Dynamic electric fields also have potential for novel physical measures to control insect pests.
Two works [25,26] have reported unique apparatuses that cause an arc discharge to hit insects that enter
a dynamic electric field. Arc-discharge-generating techniques may provide a new tool for detecting
and dismembering insects nesting in dried grain or selectively killing flies emerging from underground
pupae, which may be useful for organic farming. The corona discharge exposure technique has
potential as a non-distractive inspection system to detect pests nesting in dried cereal products, based
on the difference in conductivity between dried cereal grains and living pests. This is one of the main
themes in this Special Issue.

3. Future Perspective

Future research may cover many topics. One is the installation of electric field screens on
unmanned aerial vehicles for remote-controlled insect monitoring, especially flies transmitting human
pathogens, like Escherichia coli O-157, over postharvest crops within facilities in the food supply chain.
This requires replacing the heavy metal wires passed through an insulator tube with light materials
to reduce the weight of the screen. Coating the inner surface of the insulator tube with a conductive
paste is a potential alternative. The use of water in an insulative tube for the screen is another possible
alternative, given its high conductivity. Interestingly, various water-soluble colourings can render
the screen luminous, which may be useful for analysing insect photo-selectivity. A combination
of insulated and uninsulated conductive fibres could be woven into the plastic sheet of an electric
field screen. These are only several possible electric field-based pest control measures. Hopefully,
this editorial leads to valuable research in this new field.

Funding: This research received no external funding.

Acknowledgments: I thank all of the authors who contributed to the Special Issue.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Matsuda, Y.; Ikeda, H.; Moriura, N.; Tanaka, N.; Shimizu, K.; Oichi, W.; Nonomura, T.; Kakutani, K.;
Kusakari, S.; Higashi, K.; et al. A new spore precipitator with polarized dielectric insulators for physical
control of tomato powdery mildew. Phytopathology 2006, 96, 967–974. [CrossRef] [PubMed]

2. Shimizu, K.; Matsuda, Y.; Nonomura, T.; Ikeda, H.; Tamura, N.; Kusakari, S.; Kimbara, J.; Toyoda, H.
Dual protection of hydroponic tomatoes from rhizosphere pathogens Ralstonia solanacearum and Fusarium
oxysporum f.sp. radicis-lycopersici and airborne conidia of Oidium neolycopersici with an ozone-generative
electrostatic spore precipitator. Plant Pathol. 2007, 56, 987–997. [CrossRef]

3. Takikawa, Y.; Matsuda, Y.; Nonomura, T.; Kakutani, K.; Kimbara, J.; Osamura, K.; Kusakari, S.; Toyoda, H.
Electrostatic guarding of bookshelves from mould-free preservation of valuable library books. Aerobiologia
2014, 30, 435–444. [CrossRef]

4. Tanaka, N.; Matsuda, Y.; Kato, E.; Kokabe, K.; Furukawa, T.; Nonomura, T.; Honda, K.; Kusakari, S.; Imura, T.;
Kimbara, J.; et al. An electric dipolar screen with oppositely polarized insulators for excluding whiteflies
from greenhouses. Crop Prot. 2008, 27, 215–221. [CrossRef]

http://dx.doi.org/10.1094/PHYTO-96-0967
http://www.ncbi.nlm.nih.gov/pubmed/18944052
http://dx.doi.org/10.1111/j.1365-3059.2007.01681.x
http://dx.doi.org/10.1007/s10453-014-9340-8
http://dx.doi.org/10.1016/j.cropro.2007.05.009


Insects 2020, 11, 480 4 of 5

5. Matsuda, Y.; Nonomura, T.; Kakutani, K.; Takikawa, Y.; Kimbara, J.; Kasaishi, Y.; Kusakari, S.; Toyoda, H. A
newly devised electric field screen for avoidance and capture of cigarette beetles and vinegar flies. Crop Prot.
2011, 30, 155–162. [CrossRef]

6. Takikawa, Y.; Matsuda, Y.; Nonomura, T.; Kakutani, K.; Kusakari, S.; Toyoda, H. An electrostatic-barrier-forming
window that captures airborne pollen grains to prevent pollinosis. Int. J. Environ. Res. Public Health 2017, 14, 82.
[CrossRef]

7. Takikawa, Y.; Matsuda, Y.; Nonomura, T.; Kakutani, K.; Kusakari, S.; Toyoda, H. Electrostatic elimination of
fine smoke particles by a newly devised air purification screen. IJSRES 2017, 5, 17–21. [CrossRef]

8. Matsuda, Y.; Takikawa, Y.; Nonomura, T.; Kakutani, K.; Okada, K.; Shibao, M.; Kusakari, S.; Miyama, K.;
Toyoda, H. A simple electrostatic device for eliminating tobacco sidestream to prevent passive smoking.
Instruments 2018, 2, 13. [CrossRef]

9. Matsuda, Y.; Kakutani, K.; Nonomura, T.; Kimbara, J.; Kusakari, S.; Osamura, K.; Toyoda, H. An oppositely
charged insect exclusion screen with gap-free multiple electric fields. J. Appl. Phys. 2012, 112, 116103.
[CrossRef]

10. Kakutani, K.; Matsuda, Y.; Haneda, K.; Sekoguchi, D.; Nonomura, T.; Kimbara, J.; Osamura, K.; Kusakari, S.;
Toyoda, H. An electric field screen prevents captured insects from escaping by depriving bioelectricity
generated through insect movements. J. Electrost. 2012, 70, 207–211. [CrossRef]

11. Kakutani, K.; Matsuda, Y.; Haneda, K.; Nonomura, T.; Kimbara, J.; Kusakari, S.; Osamura, K.; Toyoda, H.
Insects are electrified in an electric field by deprivation of their negative charge. Ann. Appl. Biol. 2012, 160,
250–259. [CrossRef]

12. Nonomura, T.; Matsuda, Y.; Kakutani, K.; Kimbara, J.; Osamura, K.; Kusakari, S.; Toyoda, H. Electrostatic
measurement of dischargeable electricity and bioelectric potentials produced by muscular movements in
flies. J. Electrostat. 2014, 72, 1–5. [CrossRef]

13. Kakutani, K.; Matsuda, Y.; Nonomura, T.; Kimbara, J.; Kusakari, S.; Toyoda, H. Practical application of an
electric field screen to an exclusion of flying insect pests and airborne conidia from greenhouses with a good
air penetration. J. Agric. Sci. 2012, 4, 51–60. [CrossRef]

14. Nonomura, T.; Matsuda, Y.; Kakutani, K.; Kimbara, J.; Osamura, K.; Kusakari, S.; Toyoda, H. An electric
field strongly deters whiteflies from entering window-open greenhouses in an electrostatic insect exclusion
strategy. Eur. J. Plant Pathol. 2012, 134, 661–670. [CrossRef]

15. Nonomura, T.; Matsuda, Y.; Kakutani, K.; Takikawa, Y.; Kimbara, J.; Osamura, K.; Kusakari, S.; Toyoda, H.
Prevention of whitefly entry from a greenhouse entrance by furnishing an airflow-oriented pre-entrance
room guarded with electric field screens. J. Agric. Sci. 2014, 6, 172–184. [CrossRef]

16. Matsuda, Y.; Kakutani, K.; Nonomura, T.; Kimbara, J.; Osamura, K.; Kusakari, S.; Toyoda, H. Safe housing
ensured by an electric field screen that excludes insect-net permeating haematophagous mosquitoes carrying
human pathogens. J. Phys. Conf. Ser. 2015, 646, 0120021–0120024. [CrossRef]

17. Takikawa, Y.; Kakutani, K.; Matsuda, Y.; Nonomura, T.; Kusakari, K.; Toyoda, H. A promising physical
pest-control system demonstrated in a greenhouse equipped with simple electrostatic devices that excluded
all insect pests. J. Agric. Sci. 2019, 11, 1–20. [CrossRef]

18. Takikawa, Y.; Matsuda, Y.; Kakutani, K.; Nonomura, T.; Kusakari, S.; Okada, K.; Kimbara, J.; Osamura, K.;
Toyoda, H. Electrostatic insect sweeper for eliminating whiteflies colonizing host plants: A complementary
pest control device in an electric field screen-guarded greenhouse. Insects 2015, 6, 442–454. [CrossRef]

19. Takikawa, Y.; Matsuda, Y.; Nonomura, T.; Kakutani, K.; Kusakari, S.; Toyoda, H. Development of an
electrostatic trap with an insect discharge recorder for multiple real-time monitoring of pests prowling in a
warehouse. Int. J. Adv. Agric. Res. 2015, 3, 55–63.

20. Takikawa, Y.; Matsuda, Y.; Nonomura, T.; Kakutani, K.; Kusakari, S.; Okada, K.; Toyoda, H. An electrostatic
nursery shelter for raising pest and pathogen free tomato seedlings in an open-window greenhouse
environment. J. Agric. Sci. 2016, 8, 13–25. [CrossRef]

21. Kakutani, K.; Matsuda, Y.; Nonomura, T.; Takikawa, Y.; Okada, K.; Shibao, M.; Kusakari, S.; Toyoda, H.
Successful single-truss cropping cultivation of healthy tomato seedlings raised in an electrostatically guarded
nursery cabinet with non-chemical control of whiteflies. GJPDCP 2017, 5, 269–275.

22. Takikawa, Y.; Matsuda, Y.; Nonomura, T.; Kakutani, K.; Okada, K.; Shibao, M.; Kusakari, S.; Miyama, K.;
Toyoda, H. Exclusion of whiteflies from a plastic hoop greenhouse by a bamboo blind-type electric field
screen. J. Agric. Sci. 2020, 12, 50–60.

http://dx.doi.org/10.1016/j.cropro.2010.09.001
http://dx.doi.org/10.3390/ijerph14010082
http://dx.doi.org/10.12983/ijsres-2017-p0017-0021
http://dx.doi.org/10.3390/instruments2030013
http://dx.doi.org/10.1063/1.4767635
http://dx.doi.org/10.1016/j.elstat.2012.01.002
http://dx.doi.org/10.1111/j.1744-7348.2012.00538.x
http://dx.doi.org/10.1016/j.elstat.2013.10.012
http://dx.doi.org/10.5539/jas.v4n5p51
http://dx.doi.org/10.1007/s10658-012-0014-5
http://dx.doi.org/10.5539/jas.v6n12p172
http://dx.doi.org/10.1088/1742-6596/646/1/012002
http://dx.doi.org/10.5539/jas.v11n18p1
http://dx.doi.org/10.3390/insects6020442
http://dx.doi.org/10.5539/jas.v8n4p13


Insects 2020, 11, 480 5 of 5

23. Matsuda, Y.; Nonomura, T.; Kakutani, K.; Kimbara, J.; Osamura, K.; Kusakari, S.; Toyoda, H. Avoidance of an
electric field by insects: Fundamental biological phenomenon for an electrostatic pest-exclusion strategy.
J. Phys. Conf. Ser. 2015, 646, 0120031–0120034. [CrossRef]

24. Matsuda, Y.; Takikawa, Y.; Kakutani, K.; Nonomura, T.; Toyoda, H. Analysis of pole-ascending-descending
action by insects subjected to high voltage electric fields. Insects 2020, 11, 187. [CrossRef] [PubMed]

25. Kakutani, K.; Matsuda, Y.; Takikawa, Y.; Nonomura, T.; Okada, K.; Shibao, M.; Kusakari, S.; Miyama, K.;
Toyoda, H. Electrocution of mosquitoes by a novel electrostatic window screen to minimize mosquito
transmission of Japanese encephalitis viruses. Int. J. Sci. Res. 2018, 7, 47–50.

26. Matsuda, Y.; Takikawa, Y.; Nonomura, T.; Kakutani, K.; Okada, K.; Shibao, M.; Kusakari, S.; Miyama, K.;
Toyoda, H. Selective electrostatic eradication of Sitopholus oryzae nesting in stored rice. J. Food Technol. Pres.
2018, 2, 15–20.

© 2020 by the author. 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/10.1088/1742-6596/646/1/012003
http://dx.doi.org/10.3390/insects11030187
http://www.ncbi.nlm.nih.gov/pubmed/32188072
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Generation and Characterization of Electric Fields 
	Electric Field-Based Pest Management Approaches 
	Future Perspective 
	References

