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2Challenges for Sustainable Agriculture（持続可能農業への課題）



3Plasma Promotes Plant Growth（プラズマが植物成長を助長）
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Focus on N2O5, the reactive nitrogen species with the largest oxidation number

 N source：Air
 O source：Air
 H source：Water
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Various RONS Synthesized by Air Plasma（空気プラズマ合成活性窒素種）

T. Kaneko, K. Takashima, and S. Sasaki: Plasma Chem. Plasma Process. 44, 1165 (2024). 

dinitrogen pentoxide
（五酸化二窒素）
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Effects of N2O5 Exposure to Plants（五酸化二窒素ガスの植物への効果）

𝐍𝐍𝟐𝟐𝐎𝐎𝟓𝟓 ⇄ 𝐍𝐍𝐍𝐍𝟐𝟐+ + NO3
−

𝐍𝐍𝐍𝐍𝟐𝟐+ + H2O → 𝐇𝐇𝐇𝐇𝐎𝐎𝟑𝟑 + H+

(𝐍𝐍𝐍𝐍𝟑𝟑−)
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S. Sasaki, K. Takashima, and T. Kaneko: Ind. Eng. Chem. Res. 60, 798 (2021).

Synthesis of N2O5 by Air Plasma（空気プラズマによる五酸化二窒素合成）

HT plasma
LT plasma

NOX mode O3 mode N2O5 mode

This Air APP device can precisely control 
reactive species composition easily.

𝐎𝐎𝟑𝟑 + 2𝐍𝐍𝐍𝐍𝟐𝟐 → 𝐍𝐍𝟐𝟐𝐎𝐎𝟓𝟓 + O2

O3NOx

𝐍𝐍𝟐𝟐𝐎𝐎𝟓𝟓 特許 第7823889号 : 五酸化二窒素生成装置および五酸化二窒素生成方法 (2026).



8

Control DAY5～ DAY26～

Observation: DAY47

Nitrogen Fertilizer Effects of N2O5 （五酸化二窒素の窒素肥料効果）

Nitrogen deficient Lotus japonicus （ミヤコグサ）

Cont. DAY5 DAY12 DAY19 DAY26

N supply

N2O5 Exposure Start Day

N2O5 Exposure Start Day

30s exposure

S. Takeshi, K. Takashima, S. Sasaki, A. Higashitani, T. Kaneko: Plasma Process. Polym. 21, e2400096 (2024).

Growth was accelerated by N2O5 exposure compared to control.



Ca2+ Signaling 
Before After
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N2O5

Jasmonic acid-related 
gene expression

Activation of Plant Immunity

D. Tsukidate, K. Takashima, S. Sasaki, S. Miyashita, T. Kaneko, 
H. Takahashi, S. Ando: PLOS ONE 17, e0269863 (2022).

Arabidopsis 
thaliana

24 h

Expression of genes encoding 
antimicrobial peptides 

Activation of Plant Immunity by N2O5（五酸化二窒素による植物免疫向上）

S. Sasaki, H. Iwamoto, K. Takashima, M. Toyota, 
A. Higashitani, T. Kaneko: PLoS One 20 (2025) e031857.



10Plasma Sustainable Farm（プラズマサステナブルファーム）
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