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Abstract

Dendrobium sp. protoplasts were prepared by dissolving 2% Celluiase , 1% -Dris_e_lase ‘
and 0.5% Mai‘éerozyme .in 0.7 kmol..m'3 mannitol. Cell wall was digested after 4 hours in the
enzyme composition, Tﬁe protoplasts were suspended in mannitol s<;lution of 1.24 MPa
osmotic pressure under were used in 1 mS.m", 10 mS.m”and 20 mS.m" conductivity, before
being induced in between a pair of cylindrical electrodes. Under 17 kV.n' field strength,
a pl.'otoplast was interacted with the electrodes at frequency between 3 kHz and 15 kHz. The
lower boundary was increased to 5 kHz when protoplasts of 2 x10° per ml were induced,
Moreover, the lower boundary of the spectrum increased with the field strength or solution
conductivity. In all cases the upper boundary at 15 MHz was fixed due to the limit of the
function generator used. When the field strength was increased to 45 kV.m~ and 60 kV.m", the
induced protoplasts elongated before moving towards the electrodes,
| To investigate the deformation of the protoplasts in electric fields, a protoplast was
brought into contact with one electrode, using 1 MHz frequency and 17 kV.m~ field strength.
The field was then increased to 30 kV.m' |, 45 kV.m™ , 60 kV.m” and 85 kV.m". The result
showed that profoplasts behaved according to Hooke’ s Law at frequency between 0.5 MHz

i3 G-MHz-Fitne-taken-for-maximum-elongation-oeeurred-after 2-minufes-in-the-applied-field; st
regardless of field strength . Noted that at low frequency (0.5 MHz) and under h‘igh conductivity
(20 mS.m'l), protoplasts showed two elongation phases, appearing in every field strength used
in this study. Elongation ratio of semi-major and semi-minor (a/b) was increased with the field
strength. The frequéncy. influenced explicitly on the ratio if field strength was greater than 45
kV.m". When solution conductivity was increased from 1 mSm’ to 20 mS.m" under constant
85 kV.m' field strength, maximum elongation ratio was shified from 1 MHz (a/b=1.461.0.02).

to 5 MHz (a/b=1.3710.01).

(5)




Under solution conductivity and field strength of 10 mS.m" and 85 kV.m'],
. protoplasts exposed to the field between 3 m‘inutes and 20 minutes showed constant restoring
time _(14.7i0.6 s), independently from field strength. The restoring time was shorter (lOiO.l s}
when field exposured time was 1 minute. When protoplasts were exposed to 85 kV.n” field
strength for more than 5 minates, a failure in restoring or leakage were observed. The leakage
occurred on the membrane surface opposite to the electrode. It was observed that protoplasts
were al_ways broken if the ﬁ‘equehcy-was lower than the lower boundary of . diélcctrophé;'gtic
spectﬁnn. According to single spherical shell model , elongatioﬁ constant (K) and Young’s
modulus (Y) were estimated fo be about 0.03710.011 mN.m” and 1.3830.15 N.m‘z,
respectively.

Effect of AC electric fields on phosphate uptake was studied by using radioisotope
of NH4H232P04. Protoplasts exposed to 17 kV.m™ field strength for 3 minutes showed no
difference in the uptake compared to the control, whereas those exposed to 45 kV.m' and 60
kV.m' reduced in the uptake. In separate experiment with FDA, viability of protoplasts was
tested using 45 kV.an” and 60 kV.n™ field strength, Viability percentage of 3 minutes field |
exposed protoplasts was 89% and 70%, respectively, and the percentage was reduced with the
longer exposure time. The result showed that high field strength and longer period of exposure
time lead to higher percentage of cell death. It was concluded that reduced phosphate uptake in
high field strength under longer field exposure time was du_e to reduction of protoplasts
viability.

This work suggests that are studied in AC electric field on Dendrobium sp.
————nrotoplasts; fretd-strenpth-field-exposure-timeand-thefrequency used-are-essentiat-paranmeters——————
Elongation constant and Young’s modulus provide fundamental electrical information for the
protoplasts and may be used as an indicator for protoplasts abnormality. Furthermore, the

information may be nseful for electroporation, cell fusion and cell fission.
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1 0.0169 0.0152
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(c) AMUD 5 MHz
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(a) AU 1 MHz
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(c) A7Wd 10 MHz
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Uit Cellulase Saaeunialumsdsoniiusadiviiou Drisclase usims il Driselase #1
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5.2 Fansaimansilasdansvlasinvesinsinnaadinzagalnsinvimend
i]-’]ﬂﬂﬁﬁﬂ‘kﬂfﬂﬂﬂGl‘?ijllﬂalgﬂiﬂ‘iﬂﬁliaﬂ‘llENT‘Hﬁ'Tﬂ?‘lﬁ’lﬂﬁilﬁzﬂﬁﬁh‘l‘iT“ﬂ—
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fadan s kHz 611 163 KHz wag 11 KHz B4 253 KHz @@ toy fi o, i
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M1 10 (919)
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MARUIN 1

a5 N0UURIZATOINT VW (Vacin and Went, 1949) pH 5.7-5.8

daulszneu vmiivSerBinnsdeluesons
aazmodudu A 10 ml
msazaiuduiup 10 ml
msazaedniu C 10 ml
Sucrose2 % 20g
Ca,(PO,), A@8A2Y HCL 0.1 N 02 g
T o 150 ml
Funaden 6.8 g
MIazMUTNIN A
dulsenou Total /1000 ml required
KNO, 525g
KH_PO, 25 g
(NH,S0, 50 g
' A1sazmevNUY B
awlsznou Total g/100 ml required
MgSO,.7H,0 25 g
MnSO, 1,0 057 ¢
MIazmEdNdyu C
“dwtlseney - Total g/100 ml required -
Na,EDTA 3.725¢g
FeSO,.7H,0 2785 g
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FmsnsrereumsiiniusaddinafiamsfondlnsTnnaaddemsSowmariy-

RITEITUA _

1 wSnasazmoduduTavagaw caleoflour white : CFW doasazaoii e
wvauae Tis Tnvanadanududuaaidiv 01 %

2 el TasaTadalad wasuridDaalad

3 quTns Inwaadfidosmsnssnaounsiiaiaun nonaarislyTnsaTaelad

4 nuAmIITeuEs CFW S1ua 1 viva IdwauduTns Tnnanad

5 duramaFewnsigoaismandveTns Inwmadnolduas uv wagTaadimte

wadvzdnduazSowauiutivaes sudy

ImsnsrvaeumsiiiavesinslnnmadlnamaiiamsiFowas

1 m’%‘auﬁnasa’aﬂmﬁ’n%’mm_ Fluorescein diacetate : FDA 0.5 % Toosians FDA
0.25 g a¥a1UA0BE Il 50 ml

2 veamsazalw FDA avlumsagmernnauiinea 0.5 kmolu® 151195 smi
suiludju |

3 woamsazmdlude 2 S L vea asuuudualoddmsy
funmmuuiisaduassaty 1 veaves Ins Tnnaadiuuiuasseglus

TWHNUINea 0.5 kmolm™ udadrouruudidmsuiiaa'lad

nﬂ n = Y praCT] ) 7 oy ar 3 .
O T o R TR N e r ST T e N DN RV ER M T e TR S T RY ST R
A s oA d Lo I w o -
uazaumdhumisitiuraddanudthnlSuanudariiannuuasazBon
3
pAIms T usRdRanYa - o
i : ¢
5 Hawasninndesyansssiudaliauas UV AigrundeufiogmsSeusavasad
{ -~ A iy 1aa t d
wadhdinvzSewruiuddomanios wadh Lifldiaes hivsnglifu
as I A .Sf o o F o L il
TnyadnGowmudninndunannui§ia

& 5

Viability = (S1unusadiSowasvigessamsudSmiuaadianua) x 100
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ey \J 2 o 7] 9 ' J
TEMsmmaNNHHavaasazaed S ulfivvess s innanad

1

3

wionmsazaethmaniinea wazansazaneylasa Anarududuunndiefu
0.3 kmol.m®, 0.4 kmolm”, 0.5 kmolm®, 0.6 kmol.m® ag 0.7 kmol.m® A1)
961902 20 ml

wianuriNvesmnsasan Uty TnefeuinadulSinasvesas lay
hasazagudazanududuuistaz 200 pl ﬁ1‘lﬂ‘§'qﬁy1ﬂﬁﬂ°§1 5 afanamy

WA NI N MMM U SSE AT

D = ANUMUUUYBIEIT a2 (kgm)

m = I0UBIT (kg)

v = 51a5veemisazany (m)
thansagmoudazainududunie funisdnag 2 ml Talunsenhsves
inSostanamiia
@ﬂmiﬁu‘lﬂﬁqﬂsztﬂw‘é‘ﬂéﬁuﬁ1‘341’%1%1}ﬁ’m’f’wqﬂﬂ'l»i‘lﬁ'a“mﬂﬁ"auﬁﬁullﬂﬁ’a
fumisiidnuamsmne3laslfnedauu linedssinaftoaunsaduam
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Yhevlifensazaelnaldamriensznhe TasldSudunmms nadeudiauuey

= 3 0 uy 6‘; L 3/ ' = 1
ERUAANNTIET 5 ATIUUNALG I IR NIDURTY Llﬂuﬂ'lcluﬂ'llﬂ“li

=
Ii

o
<

1 =A1uHiA (kgs'm")
D = ANUHUMLY (kg.m )

, . . -, A
v = kinematic viscosity (m’s™ 1ife

v=kit
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k = Maeidimiuginsallaninmila (1.1x10%°m’s?)

q
3

t=10U08Y (5)

N 12 ﬂin11Hmuu'mmqmsasmmmuﬁma

arududuvesars m \ D
saNLUUTNDG (x10° kg) (x10” m’) (kg.m™)
(kmol.m")
0.3 0.1874:0.002 200 935:+0.002
0.4 | 0.1917-0,001 200 95510,001
0.5 0.201+0.001 200 100520.001
0.6 0.20710.001 200 103540001
0.7 0.20910.001 200 10450.001

“me 13 snnuniavesasazanousuiineannududusig q fu

anududuves ¢ v D | M
ey - |0 () x10'm’s™) -(I;g.m'j) (x10°N.s.m™)
uuuiinen
(kmol.m”)

0:3 85:82 k14819t 148 93510:002 0:852:t0:15
0.4 92.7010.55 | 9.84%0.55 95510.001 0.9410.05
05 104.88+1,33 | 11.13%133 | 1005£0.001 CL124013
0.6 130.28143.44 | 13.82%3.44 1035::0.001 1.4310.34
0.7 155714316 | 16.5243.16 104510.001 1731032
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amududuvesms | m \ D
3mﬂ°ﬂﬂiﬁ (x10° kg) (x10” m”) (kg.m”)
(kmol.m'j) .

0.3 0.1890.001 200 947.47%0.001

04 - 0.200%0.001 200 999.610,001 -
0.5 0.20330.002 200 1013.410.002
0.6 0.213£0.002 200 1064.30.002
0.7 0.2181:0.002 200 1092.17F0.002

MmN 15 anwnilavesssazaioy Insaanududuse q g

amudadu t D o
UDITIIDT AW (s) (x10"m".s") (kgm™) (xIO'BN.s.m'Z)
4 lnsel
(kmol.m'J)
0.3 98.63:+1.21 1.051+1.21 947.41:0.001 0.9910.61
0.4 113.6270.18 1214018 | 999.610.001 1.2130.28
0.5 117.1212.23 1244233 | 1013.4%0.002 1.261+2.33
0.6 134791234 | 1431234 | 1064,330.002 1.5212.34
0.7 154.5510.33 1.641033 | 1092.1%0.002 1.7910.33
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ms1a 16 mstlSvanmsiifhvesmsazmensuiinea 0.5 kmolm®

J¥udemsazaelnemm@asnanlsn XCl 0.1 kmolm”®
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ISinasaisazay- nasmsazay sanmhllth o,
wrinoa KCl (mSam)

(nl) (W) |
50 0 8.0

50 100 30

50 280 70

50 300 100

50 500 150

50 900 200

50 1,300 300

50 1,700 400

50 2,500 500
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dedumanssumsasmaduduveante¥ftessisomunlusives Na g, PO,
VNTUMTMANNUTIVOINTANTUNTIH
A
A=A t
o aa ¢ A dlﬂ 3 . & 3L el
A= ANULSAEAEENAY 1 ¢= 0 Tauily 3.6x10° Ci/1.5 ml w5 2.4x10° Ci.mi
S & aa ' o
T, =599 nves P-32 100 1430 A =0.693/T,, = 0.05
] A It n’;’ XY .:; =y [ =2 ci 3 Y
t = gnaminy lddudfusaiirdaasfadvuteTuiinaasdidiu 10 Su
AIUANIUIST T IUR 10 A =148x10° Ciml"
uanymussitgaoidesns 1 Tns Tnwaadgantwdlu 0.01 pcimr’

u;o’:yd

o A
<3uumemamammLmsﬁaqmmam‘%‘ﬂmﬁumsazmm‘i’fﬁu I ml gamsasaiy

A w

m@esad  NHH,”PO, 1nviaussassad demisnszueniiner vuwa L ml n

3
W oo p

$11U 20 Fevrdrohndunuivsings 1 m - fufudnoamumsedddnn
aAuMs MV, =MV,
(1.48x10° Cifin! }x(20x10°ml) = M,x1 ml
M, = 29.6x10° Ciml"
Foamslifinnuusedediiu 001 pcimt Tumsazareiil Tns Tnnaediuviuasy
I ml ffufedoidonennusaiednm 20.6x10° Cial’ aednihdadneisms ey
Idnnuusefadvesmsasmodiudi iy 0.592x10° cimt” vinasazanedudy ldas

TuesazmoiuvivasIns Invaad 1 ml wedeelFmsazan WududSasiivg

Sevgfinusgameliy 001 pCiml TagTdauns
MV, =M,V,
(0.592x10° Ciml") x V, = (0.01x10° Ciml™) x 1'mt
, V,=16.9 pl
ﬁ’ai‘is"us]xé‘fm;ﬁumsazﬁwxnﬁa?qﬁﬁs%"aﬂm?m'm 16.9 pl aqlumisazany
il Tws TnwanaduvavaeuiteWaanmsasafilli 0.01 pcim® dwiuRanunisgn
FuensSadvesIns Innaradae il
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or = o

IEmsmmanueitiunizvesmasaee M INaIgAT YW
AAIISATITIUNIE (specific activity : S) venh@vidanmnsedmd
nanserhEshg il weniennmuuswesiinamaazasiia
RANTHAIGINN hodoufuiifefegadudily uasnfivan Geiger Muller 12iide
$inalunsladSinuded nande n‘?ﬂ"i’ﬁaumﬂﬁmﬁa q u# wdealdnadranile
| maﬂsummsaumuaumﬂmﬂﬂ Taf !’m'l‘b"N‘IJLiﬂﬂ’J'l Time Delay devzifugunms
woniiaudazyiia Sufumsia s, Fansil¥mnsazmofananideneassmils

nou ﬁﬂﬂga’ﬁﬂ’ﬂmliﬁﬁﬁ llﬁ'Jﬂ'll!'Jﬂ!ﬂ’J"IiJ11543Qﬁﬂﬁﬁﬁﬂﬂﬂﬂﬂﬁ1ﬂ

mayBnamleaildlimsazaminios vw
snaaruan 1 westunges vw illuemsdmdy Tns Tnwmadndaold
d#auNy Dendrobium sp. Tvleamiaiiuesiilszneuluglveunded 2 j1lfe
Ca(PO), ine KHLPO, udazdmiivieanta 00, dussdisznenludFnamediu
Feesam Il
1) sl mmﬂamﬂmmmmvmmﬂaa Ca,(PO,), Twidee 11
Tddos 1 mmsuag 0.2 gmﬁunTumqa‘umms Ca,(PO,),
fovuauiiy 31024 gmor™’ fivlomvinag 190 g
St Ca,(PO,), ST 02 g Tuenms 1 1 wiivemvineg

_ 190x0.2

= 0.122 1
310.24 8 D

2) msndSnambadnvesmsazmende KH,Po, Turihitea11
a3 KEPo, Humsisznovvesssazaodudugas A (mn
wuan 1) KILPO, fimtinTumna 136.09 gmol™ 1 Tvemviaeg 95 g tsazay
dudugas A 110 KHPO, 25¢g
95x25
136.09
asazmodudu A 11 szl ko, WhieshilsznovAadiunnmududy
- 25
147
136.09

wivloavn =

= 1745 g

=0.18 kmol.m"




118

nazdesidmsarmodutu A dussfilsznouveniudvegns vw 1 1 $1nu 10
ml fafumamududiuvesesazas KH,PO, Tuiudes vw 1 1 Mvinaums
MV, =M.V, Tauit
M, = anududuvessisazay KH,PO, mn asaymodudi 0.18 kmolm™
M, = arnduduvesasazae KHzPoﬂmfugm 11
v, = UFnasvesasagay KH,PO, inunmnensazmoidudu A 10 mi

: A o Ay oo doa
.'VZ=‘1J33J1¢]5‘i]8~3141[ﬂﬂ\1‘i’|ﬁ8\1ﬂ13!915_EJiJ Uuno 1 1

RRILY 0.19 M x10 ml =M, x1000 ml
0.18x10AMmi
M, ~ 1000m!
M, = 1.8x10” kmol.m”

3t L o
Futu mvazans KELPo, hurtudes 118anududu 1.8 x10° kmol.m™
aazaodudu A T kipo, anandudi 0.18 kmolm silvemma 17.45 ¢

4 3
Wides vw 1 1 Smsavane KE,PO, luesfilszneunrumdudy 1.8 x10° kmol.m®

_ 17.45x1.8x1 0
0.18

¥ L b
gatulnindes 1 1 eziivemwlavnansazmainiie KILPO, 0.1745 g 2)

ivloctvle =0.1745 g

sanffinalearalinidos vw 1 1 Duag 2) 1802965 ¢
gutudnivdse 20 wedivensla 593 g
Aanawilu mol
vionvn PO43' 95 gﬁﬂl‘ﬂu 1 mol

e vloetin 5,93 x10% g Al 62.42 x10° mol 38 62.42 nmal

3 1 5 1
suhuhfsfanansduazdudiednunmsasnivseduTunm 20 pl ezl
omvlafiadosed 6242 nmol Thl¥amnsama s, 18 TumbiedasmivdeTaa

vodlelsIndfimdes  deth g uamudndawaumsi 1) luundi 2 de'ld
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pamsvaasaman Neimizanvesssazaaelysineay

e 17 Snoulns Tamanadfiven Iddemsazmoou lsidnay 4 gas

$arlumsdos 3 dalue

i19

o' lasiper $1an s Tnvianad (x10° per mi)
X, X, X, xto,,
Cellulasc1%, 4,00 4.50 5.20 4.57%0.67
Driselase1%,Marcerozyme0.5%
Cellulase1%, 2.15 2.00 3.00 2.3810.54
Marcerozyme0.5%
Cellulase2%, Driselase1%, 5.90 6.30 6.00 " 5.9710.34
Marcerozyme0.5%
Cellulase2%, 3.50 4.20 3.00 3.5710.60
Marcerozyme0.5%
m 18 Snoulns Innanasfuundaeazamen lasfuagasf 3
(787 (h) $ruauIns Tnwanad (x10° per m)
X X, X, xtc,,
3 6.00 5.10 5.90 5.6710.49
4. Jloso 1010 920 1007085
5 4.10 5.50 4.30 4.6310.76
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vnaTns Tavoted | SnoouTis Tnwanad | paguvesvina woz | winatus Tnvanad
(Jm) $ruuTng Invanad may (Lm)
51.6742.63 54.6714.04 2824.8014.82 50.2242.04
45.00£0.00 20.0034,58 900.0014.58
60.001:0.00 17.0044.00 1020.001:4.00
33.3312.89 8.3310.58 277.6442.08
521 100 5022.4434.16
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anudatussernadadiumsta @am JvsdlnsInwanan Dendrobium sp.) M

anuduanu i s wazna luanalvih

51920 a/b vosTns Inwmadifinaud 0.5 Mz vinaTns Tnnanad

4830 %137 um ©,1 mS.m"
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Time(min)

30kV.m" 45%KV.m" 60 kKV.m' 85kV.m'

0 1.003:0.00 1.000.00 1.000.00 1.004-0.00

0.5 1.02:0.03 1.0630.01 1.0910.03 1.10£0.05

1.0 1.03:£0.03 1.104-0.02 1.15£0.03 1.1910.03

1.5 1.0410.02 1.10£0.02 1,2240.02 12440.02

2.0 1,0510.02 1.1010.02 1.2310.01 1.301:0.03

3.0 1.0510.02 1.1010.02 1.2310.01 1.31+0.02

4,0 1.06£0.02 1.103:0.02 1.2440.02 1.331:0.03

5.0 1.060.02 1.1010.02 1.2410.02 1.333:0.03




St - &
1519 21 a/b voaTns Innanadfinnud 1 Mz v Iis Invwanaa

47.59%1.56 pm’ ©,1 mS.am”
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Time{min)
30kV.m’ 45KV’ 60kV.m" 85 kV.m"
0 1.000.00 1.0040.00 1.000.00 1.0010.00
0.5 1.0030.00 1.0810.02 1.1310.04 1.26+0.03
1.0 1.00%0.00 1.1330.02 1.1910.03 1.3130.03
15 1.000.00 1.1310.02 1.2510.05 1.3910.05
2.0 1.0030.00 1.133:0.02 1.30£0.03 1.4270.05
3.0 1.00-0.00 1131002 1.31%0.04 1.4510.02
4,0 1.001t0.00 1.1310.02 1.3410.05 1.45%0.02
5.0 1.00:+0.00 1.1340.02 1.341:0.05 1.4610,02
a1519 22 /b vea Ing Iwanadfinnwd s MHz vinaTns Tnwaned
46.6911.24 pm ©,1 mS.m”
Time(imin)
30kV.m’ 45kV.m’ 60 kV.m" 85 kV.m
0 1.0020.00 1.00£0.00 1.0020.00 1.002:0.00
05 1025001 1040701 170830.02 1:10+0:03
1.0 1.04140.01 1.0720.02 1.1110.02 1.1510.01 .
______ 1.5, 104Fo00r | ovoeotoo2 | L17H002 | nisEoer .

2.0 1.0430.01 1.0910.01 1.17+0.02 1.2140.00
3.0 1.04%0.002 1.09:0.02 1.1740,01 1.220.00
4.0 1.0440.01 1.0910.01 1.1710.02 1.2240.00
5.0 1.0410.02 1.0910.02 1.1710.02 1.22:10.01




M1513 23 /b veeIns Innaradianud 10 Muz vwaTng Innwaad

48.00£1.35 um ©,1 mS.m’

125

Time(min)

30 kV.m' 45kV.m" 60 kV.m" 85 kvV.m’”

0 1.001:0.00 1.0020.00 1.003:0,00 1.002£0.00
05 1.0330.02 1.0430.01 1084002 .| - 1124001
o 1.0510.02 1.043:0.01 1.14F0.01 1.1610.01
1.5 1.0510.02 1.0710.02 1.1810,02 1.1810.02
2.0 1.0510.02 1.1010.02 1.1810.01 1.2130.01
3.0 1.05%0.02 1.1010.02 1.2030.01 1.2330.01
4.0 1.050.02 1.1030.02 1.20%0.01 1.23320.01
5.0 1.0530.02 1.1010.02 1.200.02 1,2330.01

M3 24 b v Tng Innmadinanlums ot 310 6,1 mSm”

Frequency
(MHz)
30KV’ 45kV.m’ 60kV.m' 85 kV.m"
0.5 1.0510.02 1.1020.02 1.2310.01 1.3140.03
i 1.00F0.00 [.13F0.02 131003 14575005
5 1.047:0.02 1.0910.02 1.1710.01 1.22£0.00
10 1051002 - | riedooz | 120k001 | 123d0.01




918 25 a/b U0e 1S Thnanganaud 0.5 MHz v11a Tns Tnwanad

47297139 pm ©,20 mS.m’
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Time(min) a’b
30kV.m’ 45kV.m” 60 kV.m" 85 kV.m"
0 1.003:0.00 1.0010.00 1.00£0.00 1.00£0.00
0.5 100000 | 1.0410.04 1.0420.00 1.040.01
1.0 1.0010.00 1.0510.03 1.0530.01 unf
2.0 1.00%0.00 1.1010.05. 1.12%0.00 uan
3.0 1.007£0.00 1.103-0.05 1.1240.01 s
4.0 1.0020.00 1.100.05 1.134:0.00 Han
5.0 1.0010.00 1.1030.05 1.1310.00 HaAn
o919 26 wb yoeTns TwanadAnud 1 Miz vinaTns Tnvanas
46.94%1.12 um ©, 20 mS.m’
Time(min) a/b
30kV.m' 45kV.m" 60 kV.m" 85kV.m"
0 ~ 1.0040.00 1.004:0.00 1.000.00 1.00£0.00
0.5 1.0510.01 1.0510.03 1.093:0.02 1.0930.01
10 1051001 107001 oot t:12:+0:01
1.5 1.05£0.02 1.08%0.01 1.1140.02 1.1240.01
20 105001 | 1iotoos | niztoor | Listooz
3.0 1.0510.01 1.11£0.03 | 1.13%0.02 1.15%0.01
4.0 10st002 | L1it0.02 1.1320.01 1.1540.01
5.0 1.05£0.01 1.1140,03 1.137%0.02 1.15%0.01




A19519 27 a/b voulus Inwanadnanud 5 MHz vuraTns Invated

47.18£1.12 pm ©, 20 mS.m”

’
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Time(min)
30kV.m' 45 kV.m" 60 kV.m'" 85 kV.m'
o 1.00+0.00 |  1.00£0.00 1.00:£0.00 1.0020.00
05| rookooo | 1064003 1.15£0.03 1.1830.01
1.0 1.0010.00 1.0810.02 1.2140.03 1.2520.00
1.5 1.002£0.00 1.08+0.02 1.21£0.03 1.2610.02
2.0 1.00:0.00 1.081:0,02 1.2510.03 1,320.04
3.0 1,00£0.00 1,0970.,01 1.30£0.03 1,3710.01
4.0 1,003:0.00 1,0930.01 1.30£0.03 1.3720.01
5.0 1.00:0.00 1,0930.01 1.3010.03 1.3710.01
M319 28 /b veaTis Tnwenadfianud 10 Mz vina Tns Tnwanad
45.52£1.20 pm G, 20 mS.m”
Time{min)
30 kV.m” 45kV.m' 60 kV.m" 85 kV.m"
0 1.004:0.00 1,003-0,00 1.000.00 1.000.00
0.5 1.0020.00 1.0630.01 1.1010.05 1.21-+0.02
1.0 1.0130.01 1,061:0,01 1.13%0.03 1.24£0.02
15 ‘1.01t001 1.0610.01 1.1410.03 1,2430.02
2.0 1.0110.01 1,06£0.01 1.160.03 1.2410.02
3.0 1.010.01 1.06:20.01 1.161:0.03 1.2410.02
4.0 1.0110.01 1.06:0.01 1,1610.03 1241002
5.0 1.01£0.01 1.0630.01 1.1610.03 1.2410.02




M3 29 ab veaIns Inwanadnna lumsldauvifh 31 6,20 msm”

Frequency (MHz) a/b
30 kV.m" 45kV.m’ 60 kV.m" 85kV.m"
0.5 Lootooo | 1i0toos | 1.12t0.01 uan
1 105001 | 1113003 | 113f002 | Listo.01
5 100000 | 109001 | 1s0t003 | 137001
10 1.010.01 1,0610.01 1.1640.03 1.24%0.02

P &1 o A a
A1919 30 a/b veeIng Invanad fnudaig fu e ey lifudunar 15 nd

O, frequency | 85 kV.m’ 60 kV.m’™ 45kV.m" 30kV.m'
(mS.m™) (MHz)

1 0.5 1.2310.04 1142004 | 1131004 1.0330.04
1 L17toos | 1istoos | Liidoos | 1043004

3 1.1610.04 1.1310.04 1.1040.02 1.03£0.03

5 1.1520.04 1.1310.04 1.100.04 1.0340.03

- 10. 1.1320.03 1.1130.04 1,061:0.00 1.017+0.03

20 0.5 uan 1.0810.02 1.0610.02 1.01£0.02
1 1,0040.02 | 1091002 | 1.0630.02 1.02£0.03

3 1.14:£0.04 1,12:+0.02 1,07140.02 1.0110.03

5 1.1610.02 1.14%0.03 1.12140.04 1.0210.01

10 1,1540,03 Listooe | rovtooz | 1.o2:0.00
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o, frequency E alb
(mS.m™) (MHz) -~ (kV.n')
1 0.5 30 1.0640.02
45 1.1030.02
60 - 1241002
85 1.3310.03
1 30 1.00£0.00
45 1.13%0.02
60 1.3470.05
85 1.4630.02"
5 30 1.0440.02
45 1.0930.02
06 1.1710.02
85 1.2230.01
10 30 1.051:0.02
45 1.104:0.02
60 1.20£0.02
85 1.2310.01
20 05 30 1.60::0.00
45 1.100.03
.60 Loo0 |
85 LI
1 30 1.05F0.01
45 1.1130.03
60 1,13%0.02




A1513 31 (§1D)
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O, frequency E a’b
(mS.m”) (MHz) (kV.m™)-
20 1 85 1.1510.01
5 30 1.0020.00
45 1.0910.01
60 1.3010.03
85 1.3710.01°
10 30 1.01£0.01
45 1.061:0.01
60 1.16£0.01
85 1.2440.02

* thqfgﬂﬁ‘lé’fmﬂmiwﬂamﬁm%’mlﬁiazﬁmwﬁflﬂﬂw
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A - :
MmN 32 szvztaa 1o b (e o,1 mS.m” Aranlueunyludh 3 wifi
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Frequency 85 Protoplast
MHz kV.m'" kKV.m' kV.n© kV.m' _ dian}et(f;r_ =
' ) |
a b a b a b a b
0.5 26.02 | 24.60 | 2521 | 22.79 | 27.64 | 22.39 | 26.42 | 2037 |  48.36
+ + + + + + + + +
000 | 1.09 | 1.12 | 1.05 | 0.35 | 0.00 | 092 | 1.04 1.72
1 23.60 | 23.60 | 25.00 | 22.18 | 28.03 | 21.38 | 28.03 | 19.36 |  49.68
o N S - o - < S N O A A -
1.05 | 105 | 117 | 113 | 122 | 112 | 1.16 | 048 1.86
5 2379 | 2299 | 24.40 | 22.39 | 27.83 | 23.80 | 28.03 | 22.99 | 46.68
+ + + + + + + + +
092 | 0.61 | 114 | 1.01 | 1.19 | 116 | 1.09 | 1.06 1.98
10 25.00 | 23.80 | 25.41 [ 23.19 | 25.81 | 21.58 | 26.22 | 21.38 | 48,14
EE I S R I I R IR B
092 | 035 | 105 | LIS [ 035 | 1.13 | 1.24 | 1.26 1.82




M3 33 szezina uaz b ile o, 1 mSm” Annmluauinih 3 il
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Frequency 30 45 60 Protoplast
(MHz) kv.m' kV.m' KV.m' kV.m' diameter
(Him)

a b a b a b a b |
0.5 23.60 | 23.60 | 25.00 [ 22.79 | 24.61 | 23.39 | upn | uan | 4830 -
* * * + x + x

.00 | 1.00 | 1.17 | 070 | 115 | LIS 1.29

1 24.40 | 23.60 | 22.39 | 20.17 | 23.80 | 21.18 | 22.59 | 19.76 | 46.76
SE IO I I I S T N O = +

109 | 1,12 | 0.60 { 0.64 | 035 | 1.11 | 035 1‘05 129

5 23.19 | 23.19 | 25.41 | 23.39 | 26.42 | 20.37 | 27.83 | 20.57 | 47.19
- + x + T + + + +

0.95 | 095 | 0.61 | 035 | 035 | 0.95 | 1.02 | 0.00 1.28

10 22.18 | 21.98 | 23.80 | 22.39 | 24.60 | 21.18 | 24.40 | 19.76 | 46.18
=+ + + + + + + + *

092 | 092 | 1.00 | 1.05 [ 0.75 | 099 | 1.04 [ 1.01 1.39




e 34 K ndeya ab veaTns Inwaadiieglusunslihune 3w
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O, ‘Frequency E K K m?;a
(mS.m’) (MH?z) (kV.m') (mN.m™) (mN.m")
1 0.5 30 0.038 10.0351:0.009
45 0.041
60 0.032
85 0.052
1 30 wa il
a/lb=1
45 0,027
60 0.020
85 0.030
5 30 0.036
45 0.037
60 0.033
85 0.053 .
10 30 0.028
45 0,030
60 0.029
85 0.050
30 03 30 wAThitd—10.038t0:007
alb=1
A5 0,030
60 0.044
85 - U#A
1 30 0.028
45 0.028




M3 34 (7AD)

G, Frequency E K K ma'ti

(mS.m") . (MHz) (mN.m™) (N (mN.m")
20 1 60 0.044 0.03820.007

85 0.047

5 10 w18

| (wb=1)

45 0.034

60 0.030

85 0.031

10 30 0.044

45 0.053

60 0.036

85 0.047

a1 35 aannduvedlvs Innaadfiegluaminu 3 Wit o, 1 mSm”

Frequency Stress (mN.m )
(MHz) 30kV.m’ 45kV.m’ 60kV.m 85 kV.m"
0.5 7.83%1.36 36.6711.23 151.8241.93 183.3711.47
1 26.8311.58 67.62£1.20 187.3111.64 342.5011.49
5 27.07%1.58 66.313:1.12 201.421.71 188.9241.62
10 4.2411.50 53.021.49 112.261+1.43 135.22£1.75




M9 36 anndnvesTns Tnwanadhegluauuuny 3 Wil o, 20 mS.m”

Frequenéy Stress (mN.m™)
(MHz) 30kV.m’ 45%kV.m" 60 kV.m" 85 kV.m
0.5 0 50.222.38 35421224 0
1 29.0712.43 58.77E£1.80 | 69.991148 100.2711.69
5 4.5242.26 43.94%1.67 194754157 | 20474%1.63
10 0.5512.11 26.1312.26 84.8011.99 103.4811.80

msn 37 annadonves v Innanadfiegluauniny 3 il o, 1 mSm”

Frequency Strain
(MHz) 30kV.m" 45kV.m' 60 kV.m' 85kV.m"
0.5 0.00810.001 - | 0.03210.000 0.11710.001 0.12230.000
1 0.02610.001 0.05610.001 0.1307:0.001 0.194730.000
5 0.026:+0.001 0.057:0.000 0.1743:0.001 0.1517£0.001
10 0.00410.001 0.0480.000 0.08610.000 0.100£0.001

4 -
mas 38 aannaduavesTns Tnnatad fegluanuum 3 i o, 20 mSm’

Frequency _ Strain
(MIz) 30kV.m 45 kV.m” 60kV.m 85 kV.m'
05 0 1 oo044F0001 | 0.03230.001 BRI
1 0.02830.001 0.05110.001 0.05610.000 0.0780.000
5 0.0040.001 0.03920.001 | 0.130£0.000 0.14510.001
10 0.001320.001 0.02410.001 0.06610.001 0.071£0.001
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MAHUIN O

1

o,=1 mS.m‘

Q.OS .
0.04
0.03 -
0.02 -

0.01

Reff(®)]

10 100 L 10000 100000 1000000 10000000 100000000
-0.01 -

Frequency (Hz)
-0.02 4

-0.03 -

atlszney 33 anuduiuiszriuarndfudsiwedledduaad

’ o o -1
yoa 193 Inwaas Dendrobium sp.fanwh v 1 mSm
(13781, 2541)

anmsenms iWfhveuderuaad €,) = 228,

anmoerme lulfhveslsTnnanadi s ) = 84¢,
Wﬂﬁ%%ﬁmmm&aﬁw%o

anmh IfhvedlyTnnanadu (6)  =115mSm

anmitlhvesmsazmanuen (G)=1mSm

anh iWfhveadeduand (o) -3 ]J,S:m-l

anumnveudeusad () =15 nm

iile €, Suanmoeume Wi wesqaomA =885 x 10 Fan

Seitigad (R) =25 pm
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-1
o, =20 mS.m
0.02 .

T 0.01 A

0 T T T T

10 . -100 1000 . 10000 - 1

~ Re(f(w))

C-0.01

Frequénéy (Hz)

-0.02 -

-0.03

1

-0.04 -

amlszney 34 Atz eaudfusiniaesliiduayd
w04 15 1NWaAR Dendrobium sp. fan i Ivifh 20 mSm”
(0599, 2541)
anmuounisihvestoduwad g,) = 228,
amywoums lthvesleTnnaadu (g) = 848,

amweuma lWfhaesmsazaw (e)  =80s,

e : g
apmih vthuedlgTnwaredn () = 20 mSm

o . -1
anmni Ifhvesdisazmeniouen () =20 mSm
, . S
anmith ivihwestofuwad (c,) =80 HSm
annveude g (5) =15 nm

v -12 -1
g, anmigoun i Ivfhvesgagme =8.85x 10~ F.m

Serlad (R) =25 pm
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MONHIN 10

M3 39 Sasimsgaduvedivia (°po,”) vea T Tnwanad

exposured Count rate (cpm)
time _ .
(min} | 60 KV.m” 45kVam’' | 17 kV.m'lr. - control 7| - Blank -
1 148.6355.38 | 15920142 | 169.21%2.50 147.86+3.02 | 48413422
3 138.94F424 | 168.8812.64 | 160911002 | 158.2219.14 68.7416.44
5 116.98+3.53 | 131.5247.17 | 162.81F12.81 | 154.9427.06 | 76.5019.57

msn 40 nioufouEndvesTns Tnwanardfm e Tdheedu

Induced time | - a (]) (x10™ mol.h ™ .cell’)
(min) 60 kV.m' 45kV.m' 17kV.m" ~ control
1 1.4710.05 1.5710.05 1.67+0.03 1.6110.03
3 1.35%0.04 1.6910.02 1.681003 | 1.65%0.08
5 T 1.1710.03 1,3610.07 1.6310.03 1.580.06

4 - {9 - H o
M1 41 Lﬂ?ﬂmﬁﬂmﬂaﬂqmﬂmmﬁ%qmm’l‘mTﬂwmm&'ﬁmumsmﬁmmﬁaﬂ

A th
- Induced time - oo Viability (%)
{min) -
60 kV.m" 45kV.m" 17kV.m’ control
1 81.6414.04 86.163.01 88.0118.55 88.72:+4.70
3 70.1818.79 89.2312.58 §7.78+1.66 |
5 61.22:+5.80 76.6011.47 83.5513.05
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