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Sustainable Agriculture Using Atmospheric-Pressure Air Plasma

To meet the growing global demand for food driven by population growth, improving agricultural
productivity is essential. However, conventional agriculture relies heavily on chemical fertilizers and
pesticides, which raises concerns regarding environmental impacts and resource sustainability.
Therefore, the development of innovative agricultural technologies that maintain productivity while
reducing environmental burdens has become an important global challenge. In this study, we propose a
novel agricultural technology based on atmospheric-pressure air plasma, which uses ambient air as the
feed gas.

Atmospheric-pressure air plasma can be generated using electrical power (high voltage) of several
tens to several hundreds of watts. Within the plasma, various reactive species are produced, including
ozone (03), nitrogen dioxide (NO>), and hydroxyl radicals (OH). By precisely controlling the plasma
reaction processes, we have developed a unique technology to efficiently synthesize dinitrogen
pentoxide (N2Os), an extremely reactive species. N2Os gas is highly soluble in water and reacts with
water to form nitrate ions (NOs™). By utilizing this property, N,Os gas can be sprayed onto plants and
used as a nitrogen fertilizer. In addition, foliar treatment with N>Os has been shown to enhance plant
disease resistance and increase functional compounds in crops. Furthermore, at higher concentrations,
N»Os gas has demonstrated the ability to inactivate viruses and sterilize pathogenic microorganisms.

Akey advantage of this technology is that ambient air is used as the feedstock, resulting in essentially
zero raw material cost. Moreover, if the electricity required for plasma generation is supplied by
renewable energy, the system can operate with minimal environmental impact and low operational cost.
Therefore, N>Os synthesized by atmospheric-pressure air plasma has strong potential as an alternative
to conventional chemical fertilizers and pesticides. Furthermore, because this technology requires only
air and electricity, on-site generation directly in agricultural fields or facilities is feasible. The plasma
system can also be modularized, enabling flexible expansion depending on agricultural scale. This
allows the technology to be applied across a wide range of farming environments, from small-scale
farms to large-scale agricultural production systems. Consequently, this approach offers significant
potential for scalable deployment of sustainable agricultural technology worldwide.



