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Effects of Microwave on Plant Growth after Germination
— Measurement of Spinach Seed Growth by Image Processing —
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Abstract Experiments were conducted to examine the effects of microwave (2.45[GHz]) on plant growth. The
experiments were also designed to investigate whether the effects were thermal or non-thermal. Twenty germination beds
with 50 spinach seeds each were placed in distilled water in a tank installed in a growth chamber for 96 hours. Atmospheric
control temperature was set to 12, 20, 30, and 35 degrees Celsius with or without microwave exposure (0.0, 0.4 to
8.1[mW/cm?]). Results that showed higher growth under microwave exposure were obtained except at 30 degree Celsius.
According to the results, conclusions were not obtained which definitely showed the distinction between thermal and
non-thermal effects. However, non-thermal effect was suggested by the very low correlation between microwave power
density and the amounts of growth.

Keyword Microwave, Spinach, Germination, Growth Measurement, Image Processing

1. Uiz WZiE, REBOFEHEFARICH T I2RBENRBESN
EHELIIBEMAER~DO~A 7 u il %EONEE 2] £ REFEBROROMER~ A 7 n FRIZEY
Tleo TERN, EBICEBAOME T~ A 7 1% ik MEEAD2EVIMRLBEINLPB]L. LrLIND
EBETLHEAICEED~D~A 7 B OEBELRIET D DEBRTIE~A 7 v BICL2EFAFITOKIED LHH
VER D . DV EANETORE ERICKDEEL WS WTHE
BECAEBTTF Y NN TORFEERZITR - 2B LB/ ETE RN T,
-11 -



FEFEN B HEE TR
THE INSTITUTE OF ELECTRONICS,
INFORMATION AND COMMUNICATION ENGINEERS

~ A /OB ORI T IEBEEERT D DI
E, FOEBRAMRLONERK RS O ERIET
HVENDD.
2. BRY

A VR T COBTREROKEZIIL,
ZORBRAMRLOPEBN R O ERD. <
A7 ERARELIHRAGLENGEAST, WEEXLE XL
e EREITR, REREFHTS.

£HE

R TAO0EEN
R T OREL

B 1 B e

EHE

ER VU0 ERN
B wAU0REEL

2 JERR R

F—aOH— F—mOH—

EE=s3:
IEICE Technical Report of IEICE
SPS2010-23 (2011-03)
K1DOX)REARELNNITEANEELEZD
n, 20T T T RELNNIEIERN R IER R E
Abhd (M1EM20EEELIEROT 7 7R ELA
HZlbEZLND).

3. EBREE

B 3Dk D REEEE A L.
THEBOPHEITRD.
3.1. BT BLUEFER
FEAFERILE R 45[mm], & S 60[mm]OE A 7D
FHEIC 18X14 A v aD IR T 7 AN A Yo
suAxBiob0EFALE. HE S0 FHEICIE
KBWNLD L ICREHITTWVDE., ZOFKFERE 20
HAZLE. ETExr—F%y FOLEHEZ LS LYY
T IhTA) ZEMALE. 1EFERDZY 50 KO+
IR L.
3.2. kK -AEFFro N

KA 1L 560X260X130[mm]DO AR Y Fr L oy
TFrEMHERALE. BFERLELEBERUIUSGIETEEKRE
A, EBRFET v Aol L. ZokkKk
LA O KMBLND X IBHT 7 VA T EAf
AL, EEBEKEICHER TCEHBREMZ, HRHEKE
TRVt —NR—Tua—12L Y —EDKMAEBEEZND X
HSICLF. ¥R ARER S 72REL, AEAERERS
HAHZ LWL, KENORBFTHRIRE EF 202,
EFTF v o FE LR AERT A TR 54 NS360 4 fifi
AL, AEORRBS L O TRIC~YA 7 o ERIEE
B2, N ORIBEREREEL0C Ty har—L
STz, FKBIXEEEEE- 0.5)— (R EIRE
-~ 4.0)0COExE LD, KEE&HITE03ICREDOFHAIC
WEo/., MAICHEEEZOKEOGTEHE RT.

ZO3IZLZD o

T—20H—

EEE Y

77

=8,
X\/m

#hK BEERR - KE EF

REBK

NYFTUTF

BHFR =EBEVY

ARt E SR 2007 v 7

e M7 >

Y

.I Y

AEER
B

-

LMt

KRR 7

(P LIS ENAE

Ay 0K
RIES




FEFEN B HEE TR
THE INSTITUTE OF ELECTRONICS,
INFORMATION AND COMMUNICATION ENGINEERS

X 4 FEFEE % OKE O T
3.3. A KA EE
FIREIB N D O~ A 7 ol H % ] B HU R R
(B AE AEE XS4 R AT-NJ-801) THHE L, 5SW 7

> 7 (R&K #:#L A250HP-R), 20W 7 > 7 (R&K L
A2040-4643-R) 12 X Vg L=, Z 0 H )% J7m kRS
Ha (B HAE L¥EKNa+E 5D906) /ML TF ¥
UNEHOBRBE LAYy FT T LRE L.
3.4. FHHIZRE

oY ERE LT, AMOKENEOEER LK
B, T¥ U A ANEHOKIE - WE, REKOEFRSE
BE OKEHFMAT) 23R L. BHEBRFERE,
ROV Y URBTRENRBEBRREICEEIND L
WOBENH HZFA L. KIREEIT T&D X
S AL E Y TR-71UI, TR-72Ui i X v &l - &
LT, FRFMREFIIEEHFERSS LT
KEF = v —EHFEEFRF DO-17SD ZfEH L Tl
LR EIT R0

Fle~A 7 aEH X FREEEHREZITLTRY
— & ¥ (Hewlett Packard fL% 8481B), /XU — X — X
(Agilent Technologies #- ! E4419B) \2 X v ML, 5
—Xuf— |z L.

E B % O fE & 1% Canon #4 % % 4 F Canoscan8200F |Z
IV 1520 KT OAF YL, By b~y THHE
LTRFLE. BGoNTcEBZ CFiEIC LD Microsoft

Visual Studio 2010 iIZ CERRL7Z2Y 7 o =T ZH W T,

REEZFH L.
4. ERF L - EBREMH
KIEWNIZ 20 HOBEFEREENELRD, ThE
NONBETO~YA 7 a0l OENEEZFELE.
FHRIFRICAY LY R+ % 50 kg oL -
bOEHE L., KEICABKETEKLF ¥ DIk
EEFEL TRIRB XOKIRRLET D F TEFEM K
BELZ. Z0O%20WORFREZIED DN EICHKE
L, B KICELILSBVOKRMICHAB L. <17
oAV OFRFEOHAEIZIEYA 7 alEEH L,

[EE=32
IEICE Technical Report of IEICE
SPS2010-23 (2011-03)

96 IRFfH AriE L 7=
S EBTOMAKE I E AN E R LAAKEITR
S, MBHBITZABMICKMES —EIZHRENLD LI
MKEZAES LZ. L LS BATORAKES Tk
1-2[mm] TR > TWD Z ERNBEINT.
EREMTEE L0 b0ER LITRT.
# 1 EBRGM

15 o rouoveryywy I hT A
fi 7% (1 [45) 1000 %7

13 FR O T 50 i

AR O #% 20

eSSl 96 I [4]

T ¥ UNEREIRE 12°C, 20°C, 30°C, 35C
it Na BB

W KK

~A 7 ajkENEE | 0.0,0.4—8.1[mW/cm’]

EBRETHRICBONREROME CREFELODL
DEL) FAF Y FTICEV ATy LE Yy b~y 7 H
BELTRFELLE. 2% v o OMBEIT 1200[dpi]& L
. INLOEBNS CEHBICLIBAEY 7 MEEH
LCHEME, miE, EKRE (AR L mE» 5 FH)
RO
5. R EEBE
5.1 BE LY mME, B EEKOBEK

~ A7 uEBEHY R LOKETTOAEORE
HE oMKy EE, FHEMEZNS5 B LUK

6 1I27Rd.
35
& 25 o ‘
£ o & o ¢~ A7k
= L
= 15
ﬁ 10 < o7 ajl
e Ho
2
0 10 20 30 40
B EREC]
X 5 8RB & AR ¥ m i
REIRE 10°C, 20C, 35CTCTlIEVWIFNn b~ A1 7 oK

WALV DOEFEIDREREEEEZTRTL TS, L2L
ICTIEMIZ~vA 7 v RN WIEI VN KRERER
BERLE. 77 705 30CH L < IiE 35°C 0B
DEBRPEEMHEZ R LTS AEELZEZONS.
ENENOREIZBTLI~A 70 EREHY 72
LS 21T o728 25, 30COFHmEEDS
GERE, SNOBRAKETHEEEZRRD N, £
FAFR T L OIRE L FHmEE, FHEEEDEFKRIZDS

-13-



FEFEN B HEE TR
THE INSTITUTE OF ELECTRONICS,
INFORMATION AND COMMUNICATION ENGINEERS

WTHKSE M6ERULD RERMERLEZ.
100
Yo L
'E 80
70 "
rg éD ! ‘ *v Aol
H 50 & L
% fg " | B A=t
sl . B ¥
B 20 BY
10
0
0 10 20 30 40
EREC]

BI 6 R oo fE R 2 8 PR
INHO/ENPGH1IBIWIEH 2D L2727 T 7
FHELNT, SHICEREIT R TITKLERDD.
BCOH~A 7 rERFLHY O FIIRF R LICK
NRCIFEFICRKREREEZTL TS, TAENDAF ¥
VB AR TICRT.

@A 7 ulBEHY (b)~A 27 oKL

18] 4 451

X7 FREREIBCOMEDAXF v
5.2. BENEELREEOBEMR

BEBRX (BRFEK) OB HBELREEOBZEEZ R

L7EONRK8EHITHLD. ~A 7 ailBEHY DL

BCHRENEELLREROMBICIIMEERSALON -
. R L~A 7 alBEZ2LEORIIIZENALN
% (Hri235Co L x).

By 98R

IO ENLTA e EORBERLD ETIX, &
WENEEIZHEVEKTFL TR WD, FEEAR
ERTHDLZENRBRENDEBZXD.
6. K&

~ A 7 uEOEENALE L OIERN L O 2
ERTRERBIIGEON o720, EBRORMICL DA
RBELHY, SHBRIDIZERZITROIVLENRDS.
BCT~vA 7 BHEHYOERTIIEELEDER
Bl FAFICELWWROMENBZEI L.
FLBEBNEELREEOMICIIMETIR AT, Z
DENPE~A 70 OREND D ETHIZHERN LD

D TdH DA HE

-14 -

[1]

(2]

(3]

[4]

(5]

(6]

[7]

[EE=32
IEICE Technical Report of IEICE
SPS2010-23 (2011-03)

PEARTRIR E T,

15 .
40 .
25 &
- L
o= ™ o o e o
E 2008 g . * 3
E a5 L1 _._._ U B T *+miz
g 2000 m20
B mio
13 *e * o . * o ®mas
T S
5
o
GO0 100 200 200 400 500 00 T00 KO0 900
A [ Wiem?]
v (=4
B8 £ FEBRIXDEEE L WL m
140
L
120
.
L L]
w00 . L
— L]
E ® o ® %
E ( ]
= 80
g 9. . +m1z
E B0 m20
B m30
* o * o + * e
40<> Q.’ L A S . rs S ®mis
20
o
0.00 100 200 300 400 500 600 700 800 9.00
EAEREmwW/cm?]

B9 A FERIXOESEE LV ERE

X Wk
IR, “~A 7 o OMMIETHEFE~OEE
W2 2DWT7, AR RS B i H s BR B5E 1 B AR 3
w3, 2002.
KEFmW, “~A 7 ks EOREOMYFE T3
%«@%“” E%k%k?ﬁ%?ﬂ%ﬂm@ﬁ
BRI s 5 2003.
%%%&‘2%&ﬁ74&m&ﬁ%%@ﬁﬁm
Hz2B5EBIZOWT—RFERE, RoOMELE,
ERFEEARMRED fJREE—, BETHERBERERS K

fiT i 9% ¥ &, SPS2006-16(2007-03), 2007.

M. Tafforeau, M. Verdus, V. Norris, G. J. White, M.
Cole, M. Demarty, M. Thellier, and C. Ripoll, "Plant
Sensitivity to Low Intensity 105 GHz
Electromagnetic Radiation"”, Bioelectromagnetics Vol.
25(6) , pp.403-407, 2004.

Yi-Ping CHEN, Yong-Jun LIU, Xun-Ling WANG,
Zhao-Yu REN and Ming YUE, "Effect of Microwave
and He-Ne Laser on Enzyme Activity and Biophoton
Emission of Isatis indigotica Fort", Journal of
Integrative Plant Biology, Vol.47(7), pp.849-855,
2005.

A. Vian, D. Roux, S. Girard, P. Bonnet. F. Paladian,
E. Davies, and G. Ledoigt, "Microwave Irradiation
Affects Gene Expression in Plants", Plant Signaling
& Behavior, Vol.1(1), pp.67-70, March/April 2006.

C. Pedrajas, J. Contrino, "Nonthermal Effect of
Microwave Irradiation on Nitrite Uptake in
Chlamydomonas reinhardtii.”, Journal of Biological
Physics, Vol.17(1), pp.51-56, 1989.



