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In order to clarify the effect of nanobubbles (NBs) on promotion of seed
germination and its mechanism, barley seed germination test was conducted. In parallel to this,
reactive oxygen species (ROS, hydroxyl radical, OH) in NB water was tried to be detected by ESR
method. Barley seed was used as a target seed sample and its seed germination was promoted stably
when the number concentration of NBs was in the order of 10 to the 8th power. Adding to this, the
parameter of T50 (time required to reach 50% of the maximum germination ratio) was revealed to be
adequate for judging the promotion effect.

Finally, OH radical was detected by ESR method which means the mechanism that OH radical in NB water
provokes the generation of super oxide radical inside seed leading to the promotion of germination.

ESR



NB

NB
NB NB
NB Minamikawaet al.,
Environmental Research Letters, 2015 ,
, 2006 , ,2016
Park and Kurata, HortTechnology, 2009

Hashimoto et al., , 2011 (Zimmerman et al.,
Applied Energy, 2011) Ebinaetal., PLOS ONE,
2013 NB

NB Liu
et al., Chemical Engineering Science, 2013
NB
Liu et al.,, ACS
Sustainable Chem. Eng., 2016

NB

GA ABA
ROS
Bailly et al., C. R.
Biologies,2008., Muller, Plant Physiology, 2009., Ishibashi et al., Plant Physiology, 2012.

Bl 21X, AR TREA &7 - OH Muller et al., 2009
NB NB
NB NB
NB ROS ESR ROS
NB
13 % w. b. 20
11 45
300
NB NB
50 3
50 3 NB
1 10 mL 150 /1.5L 1 2
25
50
Bewley, The Plant Cell, 1997 ISO
1SO 18763:2016 1mm Soil quality,

1SO 18763, 2016

s-shaped model
Q) s-shaped model Tso Ritz
et al., PLOS ONE, 2015
G(ti )=Gmax/[1+exp{B(log(ti)-log(Ts0)} ] (1)



G(ti) ti
Gmax
Gmax, NB
T50 Gmax 50%
ti
ti=0 log(ti)
B Tso
NB
NB
635 nm, 40 mW
ESR

ESR Electron Spin Resonance

Gmax, Control NB Control
ti tmin=0.1
LM10
9.8 GHz EMX-plus
3521G 200G 1G

6 mW
50 mM 5-(2,2-dimethyl-1, 3-propoxy cyclophoryl)-55-methil-1-
pyrroline N-oxide (CYPMPO, MW=247.23) PRINC
NB Control s-shaped
Fig.1 NB 1.54x108 /mL O NB
50 1
Fig. 1 Tso  95% 45
62.0% NB 87.3%
NB number concentration 1.54 X 108 /mL
100 ) )
) Confidence intervals of T,
- Seeds in £ 1000 —~NB
X 80 NB water a :
— = , Control
c g 800 -+ \ |
0 60 B . \ |/
= 600 + \-f
L a0 . S ' \/
£ Seeds in - 400 4
@ Control water S !
Q
G 20 g, 200 -+
w
E o i, sy
" a ’ 30 S50 70 90
0 50 100 150 h
Time(hours) Tso (hours)

Fig. 1 Fitting curve of seed ge

NB
108/mL
10’/mL
108/mL
10%/mL
ROS
NB
NB ROS OH
ROS 02 -

NB ROS

rmination and 95% confidential intervals of Ty,

108/mL  10%mL

Tso, ne=Ts0, control

Tso, nB<Ts0, control

NB /mL

ESR
OH

ROS OH

NB



ROS
NB
NB
ROS
NB
NB

NB
Tso
108/mL
10%/mL
NB
ESR OH
NB

NB ESR

OH

ESR
NB ROS
NB ESR
10%/mL
ROS
s-shaped
10’/mL
10%/mL
NB
10%/mL
OH

OH

NB



34

2020

194, 204

DOl

16 8 11

Pham Thi Quynh Anh, Dang Quoc Thuyet, Seiichi Oshita

Modeling the effect of ultrafine bubbles on barley seed germination

Vietnam-Japan Science and Technology Symposium

2019

Seiichi Oshita

Ultrafine bubble (Nanobubble)*s promotion effect on seed germination and its ISO standardization

The 4th International Symposium on Application of High-voltage, Plasmas & Micro/Nano Bubbles (Fine Bubble) to Agriculture
and Aquaculture (ISHPMNB 2019)

2019

Pham Thi Quynh Anh

UFB

2019




Seiichi Oshita, Hiromi Kameya, Yuuki Kamijo, Masatoshi Yoshimura, ltaru Sotome, Surina Boerzhijin, Toshihiro Fujita

Promotion effect of air ultrafine bubbles on seed germination for sustainable agriculture

6th NANO Boston Conference

2020

NB 7/ UFB

2020

Pham Thi Quynh Anh, Dang Quoc Thuyet, Seiichi Oshita

Modeling the effect of ultrafine bubbles on barley seed germination

Vietnam-Japan Science and Technology Symposium

2019

Seiichi Oshita

Ultrafine bubble (Nanobubble)*s promotion effect on seed germination and its I1SO standardization

The 4th International Symposium on Application of High-voltage, Plasmas & Micro/Nano Bubbles (Fine Bubble) to Agriculture
and Aquaculture (ISHPMNB 2019)

2019




Pham Thi Quynh Anh

UFB
2019
Pham Thi Quynh Anh
UFB
2019 6
2019

Seiichi Oshita

Characteristics of Nanobubbles (Ultrafine bubbles) and their application to agriculture including 1SO standardization
activities

The 3rd International symposium on Application of High-voltage, Plasma & Micro/Nano Bubble (Fine Bubble) to Agriculture and
Agquaculture

2018

Dang Thuyet

ultrafineGaLF

2018

2018




Seiichi Oshita, Shu Liu, Thuyet Quoc Dang, Shigeo Maeda

Effect of nanobubble water on seed gemination and its mechanism

256th ACS National Meeting & Exposition: ACS Division of Environmental Chemisty, Nanobubbles: A Sustainable Solution for
Water Treatment and Agricultural Application

2018

Seiichi Oshita

Seed germination promotion by UFB and activities of “ FBIA International Platform for FB Application” including Japanese
farmers on site practices

XIth International Symposium on Fine Bubble Technology, Mendeleevo, Solnechnogorsk district, Moscow

2018

Seiichi Oshita

Antioxidant Activity of Hydrogen Nanobubble Water against ROS

Nanobubble 2018, International Conference on Nanobubbles, Nanodroplets and Their Application, Sushou, China

2018

UFB FB

12

2018




1S0/TC281

30

2018

(Sekizaki Tsutomu)

(70355163) (12601)

(Sotome Itaru)

(90469833) (12601)

2019 7 31

(Serizawa Akimi)

(10027146) (14301)

(Nihei Naoto)

(50504065) (12601)







