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Plasma technology enables powerful non-equilibrium chemical reactions initiated by
energetic electrons, converting nitrogen (N2), oxygen (0O2), and water (H>O) molecules
into gaseous reactive species HxNyO, [for example, ozone (O3), nitric oxide (NO), and
nitrogen dioxide (NO)]. Its usefulness has been demonstrated in the fields of
environmental science and medicine, as well as in agricultural applications, such as
nitrogen fixation for the synthesis of nitrogen oxides (NO and NO») and ammonia (NH3),
exclusively from air and water. We have also recently succeeded in selectively producing
“dinitrogen pentoxide (N20Os)” from air with low electric power consumption (<100 W)
as a mediator for on-site nitrogen fertilizer production. N>Os gas promptly dissolves in
water to generate nitrate (NO3") with a very high dissolution efficiency of almost 100%,
which is more than 30 times higher than the dissolution efficiency of the NO and NO:

admixture gases under the same conditions.

We have conducted various molecular-physiological experiments to promote the use of
novel N>Os gas in plant cultivation. It was verified using Lotus japonicus without
symbiotic bacteria' and demonstrated through the cultivation of rice in lunar regolith
simulant N>Os gas®, that water in which N>Os gas has been dissolved is effective as a
nitrogen fertilizer. Furthermore, it was revealed that spraying O; gas elicits a systemic
acquired resistance (SAR) response in plants, whereas spraying N2>Os gas triggers an
induced systemic resistance (ISR) response. SAR induces a strong, sustained defense
response, resulting in a growth-inhibition trade-off; in contrast, ISR maintains a "standby"
state, thereby minimizing growth inhibition’. In addition, exposure to basil plants has
been shown to induce the production of various beneficial secondary metabolites found
in essential oils. Furthermore, recent findings suggest that simulated low-gravity

environments may yield effects such as the inhibition of excessive stem elongation and



the promotion of gravitropism.

Based on the above, the selective synthesis of N2Os gas using APP technology holds
promise as a sustainable solution, not only for terrestrial applications but also for future

operations such as lunar farming.

References:

1. Takeshi, S., Takashima, K.*, Sasaki, S.*, Higashitani, A., Kaneko, T. Plasma nitrogen
fixation for plant cultivation with air-derived dinitrogen pentoxide. Plasma Processes
and Polymers 21, €2400096 (2026). https://doi.org/10.1002/ppap.202400096

2. Kaneko, T.*, Sasaki, S., Suzuki, D., Ohkuma, H., Higashitani, A.* Plasma nitrogen
fixation for future lunar agriculture. npj Microgravity 12, 61 (2026).
https://doi.org/10.1038/s41526-026-00602-3

3. Sasaki, S.*, Iwamoto, H., Takashima, K., Toyota, M., Higashitani, A.*, Kaneko, T.*
Induction of systemic resistance through calcium signaling in Arabidopsis exposed to
air plasma-generated dinitrogen pentoxide. PLoS One 20, e0318757 (2025).
https://doi.org/10.1371/journal.pone.0318757

4. Tateishi, R. *, Ogawa-Kishida, N. ¥, Fujii, N., Nagata, Y., Ohtsubo, Y., Sasaki, S.,

Takashima, K., Kaneko, T., Higashitani, A."* Increase of secondary metabolites in

sweet basil (Ocimum basilicum L.) leaves by exposure to N>Os with plasma
technology. Scientific Reports 14, 12759 (2024). https://doi.org/10.1038/s41598-024-
63508-8

Extremophytes as Biological Platforms for Space Agriculture

Baris Uzilday (Faculty of Science, Ege University, Izmir, Turkey)

Long-duration human exploration will require plant systems capable of functioning under
altered gravity, salinity, restricted resources, and mineral substrates that lack the
biological properties of terrestrial soil. This presentation brings together two
complementary research lines investigating extremophytes as models of spaceflight stress
tolerance and as pioneer species for the biological conditioning of extraterrestrial regolith.
The EXTREMOPHYTE experiment was conducted aboard the International Space
Station as part of the Turkish Astronaut and Science Mission. The experiment compared

the model plant Arabidopsis thaliana with the extremophyte Schrenkiella parvula under



control and salt-stress conditions, supported by corresponding ground experiments.
Physiological and molecular analyses were designed to determine how spaceflight
modifies plant responses to salinity and to identify mechanisms associated with growth
maintenance, redox regulation, and cellular adaptation under spaceflight conditions. In
parallel, S. parvula, Noccaea sempervivum, and Arabis alpina were evaluated as pioneer
plants in LHS-1 lunar regolith simulant. Nutrient addition strongly improved the growth
of A. alpina and N. sempervivum in lunar simulant, while S. parvula displayed a distinct
response to nutrient availability. A sensitivity RNA-seq analysis of 4. alpina identified
several differentially expressed genes. These genes revealed a coordinated jasmonate and
oxylipin, wounding, defence, respiratory, and redox-response programme. Together, these
studies position extremophytes not simply as candidate crops, but as mechanistic models,
sources of adaptive traits, and potential pioneer organisms for substrate conditioning.
Integrating spaceflight biology with regolith-based cultivation may support the
development of resilient plants and biologically active growth media for future

bioregenerative life-support systems.



