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Growth enhancement of plants using combinatorial plasma irradiation
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According to Malthus, the population growth
has an exponential nature, whereas the food supply
growth has a linear one." This population
overshooting resources may lead to the Malthusian
catastrophe, which has come true as the recent
global food crisis. One possible solution to the
global food crisis is significant improvement of
agricultural productivity by some means. Plasma
can be a novel way to boost agricultural
productivity. Here we show that 50 s plasma
irradiation to seeds induces continuous growth
enhancement of the plants more than three weeks
after their germination.

“Plasma irradiation” means simultaneous
irradiation of electrons, ions, radicals, and photons,
so that it is difficult to identify key species among
them. We applied combinatorial plasma irradiation
for which irradiation fluxes of these species depend
on the distance from the discharge plasmas. Figure
1 shows normalized length of Oryza sativa,
Raphanus sativus L. and Zinnia after 3 weeks
cultivation with 50 s plasma irradiation as a
function of position. The maximum length for
Raphanus sativus L. is obtained at x=5 mm where
fluxes of electrons, ions, and photons are
significantly low compared with the positions
below the discharges (x<0 mm). On the other hand,
The maximum lengthes for Oryza sativa and Zinnia
are obtained at x=-5 mm. For Raphanus sativus L.,
we identify oxygen radicals play a key role in the
growth enhancement, whereas electrons, ions, and
photons do not. The growth enhancement is
attributed not to an increase in size of each cell but
to an increase in the number of cells. We also
discuss briefly an indication of the change of cell
activities after plasma irradiation.
Acknowledgement

This work was partly supported by JSPS.

1) T. R. Malthus, An Essay On The Principle Of
Population (1798 1st edition) with A Summary View
(1830), and Introduction by Professor Antony Flew.
Penguin Classics. ISBN 0-14-043206-X.

2) S. Kitazaki, D. Yamashita, H. Matsuzaki, G. Uchida,
K. Koga, and M. Shiratani, Proc. IEEE TENCON.
(2010) p.1960.

3) Y. Akiyoshi, A. Nakahigashi, N. Hayashi, S. Kitazaki,
T. Iwao, K. Koga, and M. Shiratani, Proc. IEEE
TENCON, (2010) p.1957.

4) N. Hayashi, A. Nakahigashi, M. Goto, S. Kitazaki, K.
Koga, and M. Shiratani, Jpn. J. Appl. Phys. 50 (2011)
08JF04.

5) S. Kitazaki, K. Koga, M. Shiratani, and N. Hayashi,
Jpn. J. Appl. Phys. 51 (2012) 01AEO1.

6) S. Kitazaki, K. Koga, M. Shiratani, and N. Hayashi,
Proc. 2012 MRS Spring Meeting, 1469 (2012).

Below .
discharges Not below discharges

3 \J

- Oryza sativa ‘
A Raphanus sativus L.

— A A Zinnia
B
& 2 BRUA
2

L)
=

A
3 1
= © | ™ A
f T [ SR o W YOO
= ¢ * control
Q
=

0

S50 5 10 15 20 25 30

X (mm)

Fig. 1. Length of Oryza sativa, Raphanus sativus L. and
Zinnia after 3 weeks cultivation with 50 s plasma
irradiation as a function of position. The length is
normalized by the length obtained without plasma
irradiation.



