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Abstract

This study was conducted to investigate the changes of electric potentials of leaf surface induced by
environmental stimuli in plant. The values of electric potentials varied with different intervals of light
on and off, and light qualities and, moreover, their changes were also varied according to the time of a
day. Additionally, stimuli such as candle light, wind, or 5°C cool water spray also evoked considerable
changes in leaf surface electric potentials and their signal patterns varied with species of plants tested.
In frequency analysis of electric potentials, the distribution values by FFT were highest in 1-10 Hz fre-
quency zone by the majority of stimuli. These results suggested that changes in leaf surface electric
potentials depended upon plant species even though stimulus was the same and vice versa.
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A7 iR nEe AEAE RaS el
A F 10~50mv HAY kgt AFT vheFch
(Spillane, 1991). 3HH, 2B 21E9] 9 &= HW
o] Fg Mz, B 7 =7E ey i&
) 52 9 Boll E &g BieE 2 2 dF-
g E A= 71 s doldtiar Bl
th(Malone¥} Stankovic, 1991; Roblin, 1985; Van
Sambeek3} Pickard, 1976; Wildon &, 1989). 1]
i} ole} & VA WS ASE T HXS 7
To wet wi¢ thE2A vehdth(Malone?t Stanko-
vic, 1991; Roblin?} Bonnemain, 1985; Roblin, 1985).

2EA9] H7)H ¥kl o A7 o HEE
A oh(Lund, 1947), TRl AEFENG
AEY oA whgat Aol #FF AoUE
(Abe, 1981; Borgens 5, 1979; Miwa %, 1987), 2]
X Al g A= vg a8ln AAZE vk
(real time response)el] WgF I7= HE s A
oJck(Rathore™} Goldsworthy, 1985). 184} Miwa 5
1987y 4&2) fxde| YAzt AEl A

s} szl QRAl=e ofF] ol BH A
A= AEe] AR el DA% A7) itk
Ak &, Soto] AE9] 4SS AN FAl9
Ao SHAES F7MA BE 2R 51}
Holgka BuslgchLee 5, 1997). 3, 21EA¢]
28E& FHE ¥ F A KDogane, 1996), 4
N Algehe PR RS w9} Bl el)AAHY
A ¥3A " Rolgle oigwt Az AEg v
HRIth=(Robert, 1989) 59 73+ Mg} AEA
o] gle Aoz AgsEl= ARHES BE oA g},

aPole 78, A0 Ulisle] 2EAe] A
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olalid 4 UL Wt opizt, A% AE-E Ho g
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BAAF e g d7Y FAXdEe) W

Mz 3 Uy

SH717| W BMUY . ¥ W FERN (electric
potentialy> A& E-35Eo] 16bic]™, 167 YHAH
o] 4= BIOPAC Systems (MP10OWS)YS AH8-3}
245} ARAF g AE A S5
HE 98 AHed BEL FAHAH g A o
A5 FE7)e} F ] Aolvhg FIE3E A
22 .7|(differential amplifier)Z DAI100A (BIOPAC
Systems, Inc.)& A3t AEA] o S AgCl
Z=(3BM Red Doty E©]3l, electronic lead (Shi-
elded electrode lead assembly SS2, BIOPAC Sys-
tems, USA)E 2]E7} DA100Ad] dZst A5E

=3t

13] 4L 1,000Hz2 9753 A5E 53y,
o]& Acknowledge program (BIOPAC Systems, Inc.)
7} Matlab program (The Mathworks, Inc. version
5.1.0421) o] &3t AZHAET we HEe] ARt
SATE AL Fg BAE AAIRIIT. ARt
e 229 AT WIE EA3] YA 1
23] g¥9 AQzelde] Hgk(averageyd oA
ol xl(variance: HAHAHE AHHE kT, A=l thek
2189 AT zlolg Falg FHolA £}
28| A= Fast Discrete Fourier Transform(FFT)&
o]-8-3tH -

& = geliel Azl R EH Me|ZHIEe
8} . AP 25 23+1°C, FE 16 pmol - m? - 57!
GBF7] 12217, F5 602 2%%) 73|01 oA A
HAt. BAAEE 2% 140cm FE9 TF =4
EH(Schefflera arboricola ‘Hong Kong’ Y& AFE3IH 2
o, 2449 A= 7IEAFE E7I8MFl AR}
93, SAHAAZL Ag-AgCl FHHZ(Ag-AgCl sur-
face electrode)yS ©|-83lH 2EA FHE A 3}
Us oz AAsie o glddl Rt S35
el FEEIon, WA= wF] o A
Z}7](electromagnetic) {HIEFE §lol7] A8 DC
6V F5ol] = A A AZPAE Fasie],
AFE 2343 A HEo 1.5cm F= oA v
AT A=9] Yele I, =4, 3, A0S
247} 3% B}t = T AAs 5% - 15% - 30
Z FHLE 77 A% 78l 3Re}t F=

o2 3t} Azl uhE A EREe] HIlE AW
H7) 180 o}, A4, Aol S8ttt ST
L& A28 7171 A 38 (pre-stimulus), A 718lE
A7t 38(stimulus), AFES 713F ¥ 3E-(post-stimu-
) Z 3}, F o F<t Hio[HE Fsidt.

&, HIE, T2 XS0l gt B HMe|zHAel
Hal . AY 1) TUT A AN 2] 72}
25cm 719 Q=T (Ficus elastica Roxb. ex
Homem.), BJSl8l7|oHDieffenbachia amoena Hort. et
Bull. “Topial Topaz’), &°kKHoya camosa R. Br. var.
“Tricolor )9} 23 140 cm@] A@AM2(Scindapsus au-
reus Engl)yE AEAEZ ARS3IAY. W59 HR=
A Hn FUIEH. FEUIIE oF 60 U F
AT 7ol HTAF e WHOE st on, vl
AFL A3V vEE o183, Ae] FAE o
& vigo] Aol Ql=E sttt Al S A
WE7} 40°CE1°C, F5 50+2%%] AeiolA s°ce]
& 7igvlell 9L, AEFHNA 3R Bt TRiTE
Ho 2 syt

- Nt

# A= gefjol] ohE M EEIGol Wsl . =Y A
F& A Aol HA Fe =] FA]
Altel wie} A9 EERFo] ke the 94vst &
7}3418 B3 (Fig. 1-B for green light, data not
shown for red light), *843oll= AL 713817) A -
Z - Fo] Azt Aol7t YAkFig. 2). E3] A -
Zago] 2150 wE IREH W ¥ o] Hile 3
B B 2 BFe] F= ARtkE 52 4,
152 7H4, 302 A8 & W Azl e wheF
AF719] Fo] o A vEReH, 15% HET} 30
Z AL Feo] Ao F713R] vheF41s eI
ThFig. 1-C, D, E). 3, FFTE 1~500Hz Ale]ol
A E4E g AReAE diF-Ee] 10Hz $20]
OE Fuk AR 52 3& e, A=
A F - 3o BEE ErkE 2lol7t YATHFig. 3).

AlZHEzlol uHE FEEIMo| B8} . e xjFo]
2 EAEts AT e =4, A3 [
Hde| #sls #As e, 3EE< F= W, 5%
4, 152 44, 30 AR W FE R 2
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Fig. 1. Changes in leaf-surface electric potentials of Schef-
flera aboricora on different green light stimuli in the adax-
ial side of the leaf where electrode was attached (A : no
stimulus, B : stimulus of light for 3 min., C : stimuli of light
on and off with 5 sec intervals, D : stimuli of light on and
off with 15 sec intervals, E : stimuli of light on and off with
30 sec intervals, EP : mean of electric potential.

F7} oldETRe A9y whgo] A vebgten, W
329 717} F718IA. EAH R 15% 7449
Hag A3A) QEd A9¥dd wske Fig 4%
2t

X8 X130 i3 AT MIZHMe| W} FE
o thEt whs-e TiEmllolsl JA=nFUFo M2
g=4 JeRdthFig. 5, 6). tgnlz|ole} A= A
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olgigh whg-2 A Felde] Holxh(variance)ll 3101
M= oA HokFg. 5-B, 6-B). T 4 4
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A - F - Fol) mE Hkgolle AT APl vERA
ooitt. $h, IS MFUF 7F9olE 10Hz A
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Fig. 2. Changes in leaf-surface electric potentials of Schef-
flera aboricora on different blue light stimuli in the adaxial
side of the leaf where electrode was attached (A : no stimu-
lus, B : stimulus of light for 3 min., C : stimuli of light on
and off with 5 sec intervals, D : stimuli of light on and off
with 15 sec intervals, E : stimuli of light on and off with 30
sec intervals, EP : mean of electric potential.

AFAFRT AZFE £ 0 o 2= FRINI,
30~ 110Hzol A= Zvie wske Yehlsict

HIRIXEZ0) CHEt QBN HMe|ZHuo| Wt : o
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7Agke VERIITE. o33 AME A ERIES] W0
AN B F et AF71RE Stde HER
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Fig. 3. Frequency distributions by FFT of Schefflera aboricora on different blue light stimuli in the adaxial side of the leaf
where electrode was attached (A : no stimulus, B : stimulus of light on and off with 5 sec intervals, C : stimuli of light on and
off with 15 sec intervals, D : stimuli of light on and off with 30 sec intervals).
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Fig. 4. Changes in leaf-surface electric potentials of Schef-
flera aboricora on different red light on and off with 15 sec
intervals according to the time of day (A : no stimulus, B :
response at 9 A M., C : response at 1 PM., D : response at
5 PM., EP : mean of electric potential).
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Fig. 5. Changes in leaf-surface electric potentials of Dief-
fenbachia amoena in response to the stimulus of candle
light (A : mean of electric potentials according to time
course, B : variance of electric potentials according to
time course, C : frequency response according to FFT,
FFT : fast discrete fourier transform, EP : mean of elec-
tric potential).
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Fig. 6. Changes in leaf-surface electric potentials of Ficus
elastica in response to the stimulus of candle light (A :
mean of electric potentials according to time course, B :
variance of electric potentials according to time course, C :
frequency response according to FFT, FFT : fast discrete
fourier transform, EP : mean of electric potential).
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v} HlSE Al 10Hz~20Hz9F 50HZE oA
Z@o] 7 gol YEIeH, A5 A - F - 3
mE Fug B¥ole S0HNA AFA SV A
e Byt

o]A ATl wWEY, 2EA A& Rz
e & o AV wslyt dojdrka SHTH(Van
Sambeek3} Pickard, 1976a; Roblin® Bonnemain,
1985; Roblin, 1985; Wildon 5, 1989; Malone -5,
1991). £3] Eu}lXE(Lycopersicon esculentum L. cv.
Marmande)?] Gl H5& ISk YE EA=
& E A= 2713 st dojxkeri(Van Sam-

- Ay

0.00
0.02 F  Pre-stimulus
004 [
-0.06 |
0.08 |
-0.10 +
-0.12 ""M—W /_,.,r-""‘
0.4 |
-0.16
14
12 | Stimulus )

Stimulus Post-stimulus

EP (mV)

10 [

08

Variance of EP (x10%)

0.6 l

0.4 fodarmibpritonid

02

B

0.0
0 180 360 54

Time (sec)

B Pre-stimulus [] Stimulus 2 Post-stimulus

Frequency response (%)
w
<

) L :
0 o o Moocomaas .h A
10 110 210 310 - 410
Frequency (Hz)

Fig. 7. Changes in leaf-surface electric potentials of Dief-
fenbachia amoena in response to the stimulus of candle
light (A : mean of electric potentials according to time
course, B : variance of electric potentials according to time
course, C : frequency response according to FFT, FFT :
fast discrete fourier transform, EP : mean of electric poten-
tial).

beek®} Pickard, 1976a; Roblin, 1985; Wildon G,
1989), ©|#3} AI= Vicia faba M= BIS3E HEEE
Bytka FchRoblin® Bonnemain, 1985; Roblin,
1985). &, ol H=FE FA & 9 £ol E A
=& F AE AFW AYzdde] Wst e
o, =S F Foll Mxelbe] dshy) olHe] A
B2 HEople d4de] YehtiMalone &, 1991).
o|2fgt AR ATl gjE AEL ofH Hejole
2 A7) Wspt dojuh, A5E & Folls AR
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Z& F= B FE83 ve-S JeNYE Ze] F.
1997y vlSStA tsilr)ofe] AE A=E We

—98 —



BAAS o A8 dEY ANEAHe] B

Pre-stimulus Stimulus ___ Post-stimulus

-0.05
= en
&
& 015

-0.25
0.02
0.02 | Stimulus
001
0.01
0.01
0.01 |
0.01
0.00
0.00 B
0.00

Variance of EP

0 180 360 540
Time (sec)

60
M Pre-stimulus [ Stimuius 2 Post-stimulus
50
40
30
20
10 C
e a PR S T
10 110 210 3to 410
Frequency (Hz)

Frequency response (%)

Fig. 8. Changes in leaf-surface electric potentials of Scin-
dapsus aureus in response to cooled water (A : mean of
electric potentials according to time course, B : variance of
electric potentials according to time course, C : fre-
quency response according to FFT, FFT : fast discrete
fourier transform, EP : mean of electric potential).
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