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1 History and basis of application tc agriculture
# History; Electrostatics to agriculture
# Basis; E-stress, ESP by ions, reaction by plasma

2 Design of HV generator and its applications
# HV generator ; AC, DC, Pulse HV power supplies
# Applications; non-thermal plasma, E-stress to Bio

3 Applications in tood supply chain
_#in preharvest; germination, growth, fruition, .

-ﬂw- # in postharvest; keeping freshness,.

— # in food process; drying, enzyme act|V|ty,...
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Table 1 History of early-stage study for effect of electric field applying on plant growth (Barman and Bhdttachar)@; Tmpact o w/[agnem Field Exposure on Young Plants-A Review

Eventg (merlment& and results) Refe

man® an RBhattacham

1746  Enhancement of plant growth under electric field cultivation was firstly confirmed b Mmmhmv % | eqter(
1775  Vegetation of plant was affected by exposure in electrical currents \ ccan
1783  Growth and fertility of plants were affected by electricity (ions, electrical potential) in atm % Benho 3)
phere
1840  Growth and harvesting of potato was enhanced by electrical treatment using galvani % 44)
1845 Growth and harvestlng were evaluated using different crops by inserting the hi % y (1845), Wollny (1893), Basty (1908)
electrodes into bed soil. The positive and negative effects are confir medi:“ S
conditions
1878  Growth of tomato. corn and wheat was affected by the electricity (igh§, elecfric field) in atmes Grandeau (1878)
phere
1880 Growth of tree increased at active in Aurora event Q Q Lemstrom (1904)
1881 Roots of different seedlings grew toward the positive pot ctrode.by,g&hﬁg electric Elfving (1882)
field to the roots
1889 Plant fresh weight after the growth under H.V. tr isSion line efwO &m ore than that of Berthelot (1889), Rustebakke (1983)
other field when the AC transmission line was'iist'e ted in ed State
1898 Influence of atmospheric electricity (ions d on egth) on plant growth was con- Stone (1904)
firmed through the comparison between wit araday shielding metal mesh. The
growth rate of plants without the shlel 1 atmosphe ricity) was 50-60% higher than
those with shielding V
1904 Harvesting yield of radish andé&l creas g& by plants exposure to electrical current  Stone (1904), Dorchester (1937)
0of 0.2-04 mA
1907  Plant growth was affected as negative effe harging up the bed soil. Influence of electrical Bose (1907), Gassner (1907), Gassner (1909), Brauner (1927),
stimuli on plant growth Plant-electri ity was studied by some researchers Clark (1937), Schrank (1947)
1909  Number of bacteria in bed soil was sed more than 600% by applying a few pulsed dis- Stone (1909)
charges (sparks) with smai m% rgy (static eiectricity) to the soii - '
1920 10 kV/500 W Teslia coil w x supply the electricity over 20U square-feet agricuiture fieid  Paieg and Aspinaii (1932) - -
——==—by-Curtis. The growth rdtg of radishes and lettuce increa upplying the electrical = 3

~_ current
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History of electricity to plant 7N
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ELECTRICITY IN AGRICULTUR!
‘ AND

Electricity in HORTICULTURE.
Agriculture and

Horticulture Published in 1904

nr
Prof. §. LEMSTROM. o

WITH ILLUSTRATIONS.

COPYRIGHT.

SOLDM LEMSTROM ENGLAND:
“THE ELECTRICIAN " PRINTING & PUBLISHING COMPANY, LTD.,
SALISBURY COURT, FLEET STREET, LONDON. \

b
United States: THE D. Vax KostraND Co.. 23, BMury SEfRet, New Yosk.
Japan: Z. P. MARUTA & Co,, 14, Niboabashi Torl Sanchome, Fokyol
i .

129,

R

Eg€), 6.—The above figure, from a photograph, shows the development of the carrots in the
different sections. The Roman figures indicate the different compartments and the signs
4+, =, 4+ =, the direction of the electric current and 0 no current.
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Basis; E-stress, Electrostatic, plasma rea%uon e
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/Voltage buildup across cell membrane Je
> S

g E— Ecrit
@ \ 70 E,

%@ g, 30 by best fting with £, =49 kViem, £,=0.3 kViem, an

(Hillsheger et al. 191). From this emprrical la, the required electrci

= I'D'Ez,

t [psec]==

00 0 1989

K.H. Schoenbach, B. Hargrave, R.P. Joshi, J.F. Kolb, R. Nucmtell sgood A.Pa mov, M. Stacey Es[kwcml

R.J. Swanson, J.A. White, S. Xiao, J. Zhang, S.J. Bee ]ack . uescher, Bioelec
tric effects of intense nanosecond pulses. IEEE Tra tr. Ele ., 1088-1109 (2007) 10
K.H. Schoenbach, S. Xiao, R.P. Joshi, J.T. Camp, T. « ‘F. Kolb, S.J. be The effect of intense B
subnanosecond electrical pulses on biologic ETrans Ejasma Sci. 36, 414-422 (2008) '
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Microscopic images for various pulse width
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Treatment condition

Input voltage 20 kV
Treatment time 30 min
Input energy 5000 J

Rate of increase [%]
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Basis; E-stress, Electrostatic, plasma reaction £ -
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Figure 6. The ESS operation in collecting the particles from the air.
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Electro—-precipitation 7D
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@\g) Basis; E-stress, Electrostatic, plasma reaction {x
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Figure 19. Schematic diagrams of chemical reactions in gas and liquid phases by non-thermal plasmas in the bubble underwater.




Plant growth

2. Experimental setup

= =11

FT 1515

Takaki ef a/ JPCS 418 (2013) 012140, Takahata et %’Q’dA
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2 Design of HV generator and its applications
# HV generator ; AC, DC, Pulse HV power supplies
# Applications; non-thermal plasma, E-stress to Bio

3 Applications in tood supply chain
# in__p_[_gharvest; germination, growth, fruition,...

“U0\ # in postharvest; keeping freshness,....
# in food process; drying, enzyme activity, ...
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How is “Plasma’” used in our research

Techs for High i o s Water purification
voltage pulsed e — T — D B Bl (mal mm
B Plasing Active s
: 0 : o 0
generatlon\?’
Air ions sy
NO;3,, H;0

Elgctrostatic eliminator




Why we need pulsed power ?

@® What is pulsed power?

10.
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High voltage power supply (AC)

Tesla Coil: with resonance circuit

REREEN

ESHT/WICson
e S S e

Progressive WaveDER %
NTANZ K)o g Crr s 8 BMode

NzPBEES

1
:
:
NEON TRANSFORMER %
15,000 VOLTS 30mA  crpacirors
: 11l ¢
s z
115V AC : ¢ SECONDARY
INPUT £ gOom
: SPARK
: GAP :
£ £
£ ?1 MY FIRST TESLACON
PRIMARY COW /% AP, T o

http://quasimoto.exblog.jp/22653119/
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High voltage power supply (DC)

In the case of DC, rectifier system is required

(D)
-

(W)
-

U
-

Output Voltage Vo[kV]

AC or Pulse
wockcroft and Walton circuit

Time f[ms]

(Multiple-voltage rectifier) %E ,z

Iz. dvhiK qlyhuviw]



H-bridge pulse generator circuit

AC/DC converter | DCJ/AC inverter |Transforr$@

o | I 1 - I

] . M IF,

4
A A |
|
o O : Load

—o™0 o [/
|
|

______

Typical waiefor
Load : R=120kQ
Duty 10%

Output voltage [kV]
: o o
. R A

Time [ms]
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A Magnetic pulse compression: MPC
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High voltage power supply (ns pulse)

Required spec: 10~20KkV, several ten ~ hundred ns, several hun PpS
-PFN -Blumelein line type -Magnetic pulse compressle
-Induction energy storage using semiconductor ope\y
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3 Applications in tood supply chain
#in preharvest; germination, growth, fruition, ...
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. #in postharvest; keeping freshness,....
# in food process; drying, enzyme activity,...
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_Agricultural applications (3 stages)

Before harvesting (Pre-harvest)

-Improvement of productivity ""j.f ':I_a__
-Decrease infection risk of plants > Plasma ﬁ“ AZR R By o]

LT IR WA

-Keep freshness of products
decrease losses in preserva
transportation
*Transportation of frwts

and

65 4\ (—- Plasma
Wes oo

Food processing ‘ w

-Extraction U;K@components (— E -fleld

-Additional value

Consumer O
Q\

ls
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L
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1. PRE harvest; improve yielding 30 ton/farmer
8 triltion JPY

14

(FA)
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Plant seed germination C
&
>
0 Y. Liu, et al. J.

.§ @LQ%Q Exp. Bot.,

2010,61, 2979

seed imbibition

4- up-regulation/enhancement

ABA -
catabolism biosynthesis -.i down-regulation/inhibition

GA

dormancy
induction &
maintenance

Dormancy sy 1

|
Imbibition Germination

| dormancy
release




Nutrient solution treatment >

| Hydroponics, method of growing plants using nutrient solution without soug)

*Widely used because of easy management, high producgﬁy Q‘(\,Q'
S Uo%

-Plants are cultivated in cultivation bed filled with nutrien

r

B Run-to-waste system:

OEasy to manage nutrient
xHigh cost, heavy environm ;@oad

Nutrient solution (N2/P flow out to river)
supply m Re-circulation syst 0
OLow cost (save upto)4 %)%
xHigh risk for plant diseas
L caused by ‘ ) cqn\y tion )
Pathogen (Ralstonia solanacear
Fusarium oxysporum dLy spread in circulation system—
Contamination via water suppl Q rious damage to entire plant
air, insect, grower, seedlin Undesirable organic compounds from
y A water and root exudates:
i_ Crop yield can also be seriously lost
Sg:jl.!:_ion_ &%atlon bed
aqcon Nutrient solution should be remediated by

ulatlon continuous treatment
e nutr|ent during cultivation period :
CUIt'Vat'O" Heat treatment, UV: Various limitation such as

tank ) ) . i
Iow oxidation power, high cost, maintenance

Tz dvhiK qlyhuviw]




Nutrient solution treatment

Contamination of
pathogenic bacteria

4. Ralstonia solanacearum
Fusarium oxysporum

_ Inactivation
Allelochemicals

| ©:o>:° Degradation

—————————————————————
I‘

As
fertilizer

N S R R R R S R R R R

o —
o T ——

N o -

’

————————————————————————————————

-Control environ t for plant growth
by inactivation cteria and degradation of allelochemicals

-Supply nitf fertilizer
Iz dvh#{thuv]sﬂ%




- - = K. Takahashi et al. : “Observation of the development of
D I SC h a rg es I n S I d e b u b b I e pulsed discharge inside a bubble under water using ICCD
cameras”, Vacuum, Vol. 182, 109690 (2020)
-The injection of gas bubbles into the vicinity of electrode to reduce energy loss
caused by ohmic loss and vaporization
-Propagates along bubble surface with a speed in order of 105{h/s

2 °55 10 mm
mm :cT
d | 9~30mm Taken by
) high-speed
15 mm video camera
\ 55 mm
Glass beaker (100 mL)
S | | | XIO mix2=5|(%0 RN
<20 Fe=05 ain| NZ
: M
N grw =20 mm | E
8 10k g1.c =20 mm 5
° L=0.2mm {10 ©
3 ¢r=0.8 mm | *g_
o 5
30 <M w/o discharge Ons 10ns 45ns 50ns

Time f{us]

S Taken by ICCD camera (5ns exposure time) %
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_Hydroponic plant cultivating system

Plasma treatment of artificial nutrient solution:

-Plasma treatment of nutrient solution using pod cultlvatlon
(Japanese mustard spinach) QQ”
o Growth rate increases with plasma treatment @ o

o A\ A )

Pod cultivation using plasma treated nutrient solution

. Liguid region

o
Discharge insi L‘Iis'ﬁ'-lwlu
b

N2+ 00—
Pot 0+ O

Net N +®H_,H w

Acrylic b

- &J OH >+OH
1 ™ [ lweersy 3H 2—>H&+2NO+H20

| / HNO,+H;Q,—
H*+N ,0
HN ++NO,

10 100
3—9}*++4“()3-

100 |

Pot cultivation

E
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K. Takahashi, S. Kawamura, l. Yagi, M. Akiyama, K. Takaki and N. Satta,

i - International Journal of Plasma Environmental Science and Technology, Vol.
a I Ca p ro u C I O n 13, No.2, pp.74-82 (2019. 12)

[Chemical species produced at vicinity of water surface contributeto
bacterial inactivation and chemical degradation

Gas injection In Plasma in gas phase :
_ Wire e + Ar - Ar(3P,) + e
(High votad®)  Ar(3P,) + H,0 — Ar + OH(A28%) + H

;ubble H,O0+ + H,0 - H;0* + OR
, H;0*+e — H, + OH(A?S*) _ :
%% O Y, on 0, + e - O(iD) +-O(P) +.e (OH: Penet:latlo? de_psE'r_\6
el \\ O(3P) + 0, + M—>0,+ M on order of 10>~"°m)
Q(O'ndslj Compounds H,O0 + O(1D) ~ 20H
comP"

Under Water-:

Discharge model  Ar+ + H50” & H,@H+ Ar

H,O0&% e— H, 0% + 2e

H,O0+ % OH +H* (Water Cathode)

2€ aq) + 2H30(aq) = 20H ) + Hyoy (Water Anode)

OXxidation Mineralization
@ ( j CO, + H,0
CI‘
=) A
Bacteria Inactivation
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i I 35
I n a Ct I va tl O n effe Ct T. Okumura et. al., Plasma Medicine, Vol. 6, No. 3-4, 247-254 (2017)
K. Takahashi et. al., J. Electrostat. Vol. 91, pp.61-69 (2018)

Plasma treatment of artificial nutrient solution: <

- Active species such as OH and O also contributes to inactiva of ria

o Inactivation of Ralstonia solanacearum, a plant patho&ni erium,
in the nutrient solution with tomato seedlings

— Infection risk can be reduced . \Qv <

- 5

Number of seeldings: 20
100 T A \

[e]
=)
T T

Bacterium addition,
No treatment

[SST NV e N B
LI —
D
S
L —

Bacterium addition,
Plasma treatment |

Disease severity [%
B
?

Number of R.solanacearum
[logCFU/mL]

20

T
L
4

I 0
Contol(+ ontrol(-) Plasma
No treatfen Bacterium treatment
addition

200 300 400 500

Cultivation time [h]

Bacterium

’ Bacterium
NNO ?aCtﬁrlun}:’ addition, addition,
=atinen No treatment Plasma
treatment

Photos of seedlings after 12th day
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K. Takahashi et. al., 1. Electrostat., Vol. 91, pp.61-69 (2018) 36

Treatment system for practical use

Plasma treatment of artificial nutrient solution with Tomato cultiva
-Pilot test for 5 months in a green-house with tomato plants in hydro%@es &

J_— == 1st treatment 2

Corona plasma
reactors

nd treatment

Lmsl
. ¥
N B A
= i | "
A ™. - g
« s %
> o \
o e s al 44
N > = |
& =7 L 4nB
= -d ]
¥ !
J ’ \b
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-, 4
v
w 4
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Treatment system for practical use

Plasma treatment of artificial nutrient solution with Tomato cultivationt

-Pilot test for 5 months in a green-house with tomato plants in hydroponies

standard plate count for

O e LA B s o e e S
© - Start date : Nov. 30, 2016
o 5L —O— Control -
= —— Plasma treatment
S
QE
€5
e
88
o=
R~
O
®©
D -

0

P I T i i N
0 2 4 6 8 10121416
Treatment time [day]

0 2'2

5L —O— Control

Number of R. solanacearum
[LogCFU/mL]

—— Plasma treatment

" ‘Start date : Noy. 30, 2016}

N.D. N.Dj

j 10 T T T T T T LN N
5 | §
=&
o
c
S8
T
S50
c o
gc
cd | ]
S 5 4t Start date : Nov. 30, 2016
Icaml —O— Control
o 0 % Plasma treatment

Lo lon | 1
0 2% 4 6 8 10 12 14 16 182022
Treatment time [day]

Treatmenttime [day]

1012714 16 18 20 22

OPBacteria (standard plate count and R.
Solanacearum) are reduced and is not detected
after 8days

—Infection risk of the plant is significantly reduced
by the continuous treatment

OTOC decreases with Plasma treatment

—Plasma also contributes to decontamination of
water contaminated by organic compounds

ONo harmful effect on plant and fruit bodies

-
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Iwate Network for Energy and Environment Education

Stimulation for fruit body formatign 7

Heat - Beat
Light water ve;;

Hypha grov@}’ uce for fruit Fruit body
&"Q &qﬁdody generation formation
Bed browAing Harvest term

3 mg%}k@%/ 2 years 1 month,/ Syears




High voltage power supply

DC/AC
Converter

ACIDC
Converter

-

100V, 50 Hz

ol

12 stages
Cockcroft-Walton circuit

Spark gap

100 MQ  swiich

O

Voltage [kV]

60

Turining spark gap switch on 7

ey
A
| /W//

| |

L | L L L
500

Time [ms]

L | L L
1000

Cutputwoltage [kV]
=

=]

[= =]

[
=]

[
=
T

s L

1 L
B

Time [uz]

Fa

=
Crtput current [A)
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Stimulations by Water, shock and PEF .
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Preliminary study of the effects
of high voltage stimulation on e “-7'
Hed Har (5" May 2017)  ‘avirs. crse man eMR

<Y (RMUTL, Chiang-Raiy~ MLENEN

VTN, 0 ncreased 56

L&) Tf,

= . @'Q, 8%@V compared with
7T @é’control 0 mushroom

oms by applied

* “"Flnd onlﬁ;‘ﬁ‘l ﬁmng
seaso
(Price: 200- Bahtlkg)

http://talaadthai. com/pr;ce - page/thai?keywords=%E0%B9%80%E0%B8%AB%E0%B9%87%E0%B8%94&limit=100



http://www.canalj.fr/La-tele/Dessins-animes/Pokemon/Personnages/Les-Pokemon-Saisons-17-19/Pikachu
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Preservation

K. Takahashi et.al, Jpn. J. Appl. Phys., Vol. 57, 01AG04, 6p (2017) 46
K. Takaki et.al, IEEE Trans. Plasma Sci., Vol. 43, pp. 3476-3482 (2015)

J. Nishimura et.al, Trans. MRSJ, Vol. 41, pp. 41-45 (2016)

K. Takaki et.al, IEEE Trans. Plasma Sci., Vol. 49, pp. 61-68 (2021)

K. Takaki et.aIi Jpn. J. Appl Phys., Vol. 60, 010501 (2021)

-Quality loss by ethylene(C,H,), a plant hormone released by respiration

-Low temperature injury

Mixed loading in a transportation container

Inside of
contai '

4 )

« High speed treatment
by high density radicals

« High safety by
removing by products
using catalyst

« High maintainability

Ripening:
Damage of fruit,

! Quality loss @ — )

« Compact and light

Reactions in plasma :

C,H, + O — Products (k = 1.3x1013 cm3/s)

C,H, + OH — Products (k = 8.0x10-12 cm3/s)
C,H, + O; — Products (k = 1.9%x10°18 cm3/s)
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Proto -type for pilot test

@ N
-Very compact high voltage power supply used in products of electrost ehmu@A;&
by Shishido electrostatic, LTD. 9 &
-Small high voltage transformer is driven by full bridge circuit consisted of !Q ETs
-Voltage: ~10 kV, Frequency: 500Hz~1kHz
\_ J
200
100
&)
=
0 S
g
-100 ©
-200
Time [ms]
Waveforms
Transformer:

Weight:i411.1 g
Size 1164 X41X 24 [mm]
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K. Takaki et.al, Jpn. J. Appl Phys., Vol. 60, 010501 (2021) 48

Ethylene removal system

Duct type C2H4 remé
L ,., 0
~ Airinsid Exhaust to
| Contai »
V
Axia&

nside container

DBD Catalyst

T el
i

futecC

Fresh value keeping

)

% '!
k Ammmﬁmmmm

. _" - E ==
D ft container i :

— &
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Biological effect at low frequency (<1 MHQ e

Kt Protein EIectro;ﬁb'?at

{m 200909909 f?????‘? The@ﬂ Tane “breaks
Pulse energy é&é&&&é& &&LL @%tm ugh voItage

iy Qv electroporation, if
@ theg ernal electrical field
%ue&hes a critical value, E..

small

opeos000ndl s
Lhbphobbbbsd @g, s

Reversible pore formation

(recovery time 1~100 ms)
DNA transfection,
cell fusion,
drag delivery

| 578 Irreversible pore formation

O sterilization,
Pulse energy expenditur&%dt juice extraction

E : fields
At : pulse dgration

bbb bbb R e e e R e R e e e e




PEF treatment

R=350kQ

'W\, +—1 Reactor

C=0.218 yF

(

10
Microcomputer <
D " Re=10Q | ls
(B cate Dir | 3
S | ]
0
) Lo Lﬁ'é\ -
¥
Conditions
Samples spinach
Voltage [kV] 3
Pulse width [pus] 1
Frequency [HZz] 30
Treatment time [min] 0.5,1,3
Input energy [J] 18 md/pulse




rironment Education
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Tryptophan decomposition and Enzyme activity change

Total input energy : 720 [J]

4000

Voltage [kV]
o —_ N (%] B~ (V)]
b T T T T T T T T T

6000

5000

B~
)
S
S

ntensity
(U]
)
S
(=)

— 2000

1000

Electric field strength [kV/cm]






Iwate Network for Energy and Environment Education

Concludin o
onciuding & A\

INEEE | | QQ Q
@ Pre-harvest applications ,& <¢°

Plasma in fertilizer: Promotlong@pa@& rowth
Plasma in pesticide: Reduciqy ri fthe infection
Rep. high-voltage: Usef Mé\ hroom stimulation

(2 Post-harvest applj cs‘@“t/lo ’»\QO
ESP for spore: R%dhf \rlsk of the infection
Inactivation of ra. Reducmg risk of the infection
C,H, decg@@% & Reducing cost of transportation

@ Food procq@glng

. E-fiela: @@btroporatlon Extraction, Drying
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Applications in farming ph se
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How is “Plasma’” used in our research

Techs for High i o s Water purification
voltage pulsed e — T — D B Bl (mal mm
B Plasing Active s
: 0 : o 0
generatlon\?’
Air ions sy
NO;3,, H;0

Elgctrostatic eliminator




The 7+International Symposiumon*Plasnia & Fine Bubbles to Agriculture and Aquaculture (7
ISPF 2023) will be held at iwate University, Morioka, Japan, May17-20, 2023 to further
provide an open forum for the introduction and discussion of the most current status of
innovative scientific and‘technological achievements in the interdisciplinary versatile fields of
high-voltage, plasmas and fihe bubbles applied to agriculture, aquaculture and food
safety. As joint international’ symposium, The East Asia Fisheries Technologists Association
(EAFTA) , Food Societycof>Modern International Lifestyle Education (FSMILE) will be held by
faculty of agriculture; Iwate University on the same schedule. Hosted by Iwate University, co-
hosted by Kyoto Uniyersity, Tohoku University of JAPAN, RMUTL, RMUTT of THAILAND, etc.
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p— mES) —— | Combination of Japanese
== Combination of Plasma and FB! sake and delicious foods!
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IS 7, HPMNB

1stInternational Symposium
on Application of High-voltage,
Plasmas & Micro/Nano Bubbles
to Agriculture and Aquaculture

January 5*- 6%, 2017

at Rajamangala University of Technology Lanna

Prof. Koichi TAKAKI
[wate University, Japan

("l Agricultural applications of atmospheric-pressure
B plasma using pulsed power technology

Prof. Akimi SERIZAWA

Kyoto University, Japan
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International Symposium on Application of High-voltage, Plasmas & Micro / Nano Bubbles (Fine Bubbles) to Agriculture and Aquaculture
Iwate University & Rajamangala University of Technology Lanna & Rajamangala University of Technology Thanyaburi






Hope to see all at next

v/ate Joint Symposium;
THE 3RD INTERNATIONAL SYMPOSIUM ON APPLICATION OF HIGH-VOLTAGERRLASIVIAS
& MICRO/NANO BUBBLES TO AGRICULTURE AND AQUACULTURE (3RD ISHPNNBZ018)

and ) z ,
INTERNATIONAL SYMPOSIUM ON INNOVATIVE AGRICULTURE AND H@immnomf \
ersity, Mgrioka, Japan/ 79422018
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