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ABSTRACT The shoots of balloon flower (Platycodon grandiflorum A. DC.) in vitro germinated from seeds were
cultured on MS basal medium containing 0.1 mg/L NAA under the various sucrose concentrations and
with/without membrane filter (MF) on the lid of vessel. The growth responses were checked to obtain healthy
plantlets. The CO, and CHs concentration in vessel without MF were higher than those with MF. The CO;
concentration without MF was increased as days in culture went by whereas the CHs concentration was
decreased. The plant growth with MF and high sucrose concentration was good. Fresh and dry weight of
plantlets cultured in sucrose 4.5% with MF were higher than those in no sucrose without MF. Also the content
of chlorophyll of plantlets cultured with MF was high and the content of sugar was shown a similar results and
a remarkable difference between MF treatments, especially. Stomata cultured with MF was closer than that
without MF and mesophyll of leaf were more developed with MF or in high sucrose concentration. When the
plantlets were transplanted in the pot at 25+2°C, 75% relative humidity and low PPFD (photosynthetic photon
flux density), the percentage of survival after 13 days without MF was 0% but it was 100% with MF regardless
of sucrose concentrations.
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(Kozai 1991). 1 A3} zAujtuE= ¥3)9} 4§27 o] &
123] wraslx] Babe] (Sutter and Langhans 1979) @& %
SIS 7IAEE BhYdo g A Y] FFE sucroseE
o]-&3he EFEFAAE o] Fo] stom o|F A &
st Aol 4% 874 w2 A 2EHAE @A @
t} (Grout and Aston 1977).

S} GRS AR ARAL Azt Had B 3
A5 AT gl deigon] FIHN AFHES H)
FAAe 2AFORH AN E FA7IGGol s ek
T @77k 1980 ke &ds] JH o] Kozai &
(1994)9] 9J3] g9 =Fo] IR Ath =3 Debergh
(199D £7)9] ¥7 0] membrane filter X & 43|, &
S B9 87 Ul A4 7ked wiES dgsH & F=
ks Al e A IUldAE g d o 4
B g digh A4t F23] JqE L AT} (Goo
1999; Lee and Jeong 1999; Han et al. 1996).

£ AY2 =249 71 R Aol o] wigEESs
FHshs Yo 7l wgho| B membrane filters o]-§
&}a1 sucrose FES 2o X3t el (heterotrophic)
3} 321719 %k (photoautotrophic), &84 %F (photomixo-
trophic) (Chung 1995)& &3 2 &9 A4S XAt
o AHE Akl aAHQ wjdPEE ZnA sk

1 rlo

T

AdAsEE A5 $H71ed ANPXAA AFT =244
FTAE ARSI o T AEE ] srto|skA] 2001)
Aol 24A|17F HA), AH B} o ghE 70%0l 20 18|3 &
2 75%2 1583 vacuum 3t Mg & A4 4~5
3] FAlste] FadolAlA £ 27t ¢d FNEJS o
a2 Adslil shoot?hS x4st4t

MS 7]Eux]¢]] NAA 0.1 mg/LE A 7}5}3 sucrose 5%
Z 0, 1.5, 3.0 2 45%=2 A3 vltgr)o] EAo
membrane filter (Pore size 0.5 um, 274 18 mm, E{F 10
mm, Millipore, Japan) 3uj& 32HgH 7o} Ratsha] gk
72 TRkl ATk WA pHE 582 2Fehn
agar 0.8%% AH718t 900 mL ARzt @ik e 100 mLA
B2a1 121C, 12715t nghaFe 3 ALgsrgtt.
Be was AAYBE L AL 119 Mg 24}
st om PPEDE Uk wjF@4 o) ok 281<) 66 undl m’s”
(16/8 h, light/dark)= 2] s}lGTh

7] CO; 2 CH, 5% W3} : Sucrose 3.0% X2 5+<] )
87104 Wk 302 FF 1 3L YA 1314 FAV]
& ARgst] W7 AR F 3AIRbo] AE e | mL
o) FT7|E A8t gas chromatography (Varian 3300,

Varian, USA)E ©]-83} CO, (TCD : themer conductive
detection, column : activated charcoal)?} C;Hs (FID : flame
ionization detector, column: alumina 60/80 mesh) 5 =& 3

B 2al

wjx] &, pH 2 EC W3} ZA} : Membrane filter & &
of g v o] W3S A B A i 304 € WA E 1217E
ot a9dadete] agarg Aslst T wjx|e, pH 2 EC
(Electrical conductivity)e] W32 3utEH ZA3s13c}

A 24} : 3099 MRS 24, A5, 99
F, T4, BAF 4 AEFTE AUEZ 9N 39 o g

ZAFSEA T

L
L

E4, 3 2 AL FF 84 4L TS AR
93 vl 30489 AlA < 39HEA 33}l aceton
80%E o]&3ld] =4 3l & spectrophotometer
(Du 650, Beckman, USA tol #2438kt (Amon
1959; MacKinney 1941). ®3+ o 2 AE -3k H3l+=
30459 AEF 0.1g8 3WEA sl FE AdEHLE,
AR Fgdirrozm B3t & anthrone o 2 HAAAIH
spectrophotometer (Du 650, Beckman, USA)Z HA1315t}
(McCready et al. 1950; Morris 1948).
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71, 3AAE 2 Q@ 7 #F )3 FHEAXLE 4
HE A 43wl 3045 ¥& 55 mmE HddEtd
glutaraldehyde 2% %o AnA3 F gEH o2 33] =4
&}l osmium tetroxide 2% o] Tt fFHo R of
Al FABIEH. o]E A4 TR g gFAZ
isoamyl acetate 0.2 X|ZA|A critical point drying 2]
of 2)8] AR3}L FOZ sputter coatingdle] SEM (JSM-
5410LV, Jeol, Japan)o.2 ##3I5 0. E3F A& E5A]A
paraffin®. 2 *]23k % microtomeS A&t 8 pm2 A
@3} toluidine blue 2 FMsle] Hu|F o2 AFZE 7
Baic.

B ol4 F AFE A} WY 0YRE Qo8 A
FX 44 poto] ojHF F LEE 2582TC, FRE
75%%. 3743813 PPFDE o4 AF5H 1597HA] 13 mmd
m’s'2 243 oS 159 FHE 33wl m’s' 2 A2ls)
Qo A& 34 Axe IWE pAFE B4}

gn 2 g

71§ CO, ¥ CoH, Sk Hs}

Atz o= wjekg7] el CO,, 0: R CHa8 HE2 2
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E A5 B 9L vXE Aoz deA dt (Fujiwara
and Kozai 1995). Membrane filter F-2H7-9} o] F.2t19] 7]
W CO, 2 CHy 5% W3lE AR A3} (Figure 1), X4
FA] #jekR-7] el CO, X membrane filter 1]2-2
o A 2370 ppmo] 1 vlF 7Y 1437 ppmoE HA} 7
asltizl AEA7p wste] Aol o|FA7]| AlZtsh= 8
UHE A F71817] Alakska] 209 o $5-E15= 3346 ppm
oo E EA YT ol T Fiel olFHAA
Fslo] CO, ATl BojAAA EFel 93 CO, B3
o2 wajgon o] Az GubAQl 7] v CO,
7t BE87) @9 € F UATh EF membrane filter
22] COp s+ v Ak 24 391~1037 ppmo 2
el E=d o] membrane filterol] 9)8t 7tAnwg oz Al
259 . membrane filterE H2H| = 7| CO; TEE
tv)nY ot 24t} B A4S Ade Jlaagte) o)FA
A o= w%g7] W H7]9 CO, H%7} 100~300 ppmo
2 7] ¢ 300~400 ppmEt} Prl= B3 (Kozai and
Sekimoto 1988)2} Akl Al ot Al tfE-9] ujekA]
H 714 vPIE AR S w] B714 mialel g COx9t
CHy sv 3o 27178 vzt vk 28U sof 7}
Tk Hspl AYd v H)57]A vpllY COox TEE
oF 28 SVt CoHy FEE 1/3 )32 A B
(Kwon et al. 2004)8} 3-X}51%9.2 1 Han S (1996)% %2
Slze] el A BFE7E EFrE U= LIS
o milli wrapel] u]a CO; =7t 953] &3k 71} 4
EAl= CO, BFor FHdE Rohe Aol ofy™ CHy
F5EF milli wrapol A Wjg7)7F AAC) 24 thh v
sttt dRbE o2 CHe 2lEA9] HohA] dAste 4
3202 4l 9)on (Hakkaart and Versluijs 1983)
DNA polymerase?| &322 714 A7 DNATA-S Hl s}
I AEEEY] Asig dog|=d, e o 2y
7F2U R i gE71E JFEE o) BRI YA

21t} (Chung 1995). ¥ A4 2] CHs %5+ membrane filter
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B2 A 0.56~1.00 ppm o2 wjeF Hubel] AH wsa}
of dA] ZkAngo] o]FA I glgol FRIH. v

membrane filter 7|32 AE XA 3.64 ppmOE
=t v g7)zke] ARETE AAE] At wig 18Y
ol 0.80 ppm O Z Yok 30U7tA] |5 FFo] AARE MY
ok 184 o]Z ol & membrane filter £2-THT} 0.15~0.23
ppmo] xSkt

HiXIS, pH & EC H3} ZA}

Membrane filter®} sucrose %2 ] Azlste] wjt
309 ¥ HiA%; pH R EC W3} A& 2= Table 1
¥ At AEAE WjdsA] F2 v e v =R 2]
100 mLol| A 82.5 mLZ 7HA% o] vz ZAA| autoclavedl]
o3t B AA A FEE FS 1) sjuetz Aol
AFE-E g7 SR s AHE AL obdS EIs
t}. Membrane filter 7]5-2H-2] )X -2 79.0~81.0 mL

Table 1. Changes of medium at 30 days after membrane filter
and sucrose concentration treatmemt.

Membrane filter Sucrose Mc?dium EC
conc. (%) quantity (mL) (mS/cm)
Medium” 82.5£2.5 7.1£0.0
No attachment 0 81.0+0.6 7.6£0.0
1.5 80.3+0.9 6.9+0.1
3.0 79.0£2.1 6.5+0.1
4.5 79.0+0.6 5.8+0.1
Attachment 0 42.3:29 11.610.5
1.5 43.7+1.3 9.8+0.5
3.0 41.3+2.2 9.4+0.2
4.5 41.343.7 8.0+0.4

* The MS basal medium contained sucrose 3% on which were
not cultured plantlet and without membrane filter.
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Figure 1. Changes of CO, and C;H4 concentration in vessels with or without membrane filter and sucrose 3.0% in which balloon

flower plantlets were cultured.
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2 AR Ao o9& okt Z+AE o™ membrane filter
BT 41.3~43.7 mLE Z0]E9ET o9 2 Ay
£ membrane filtero] ¢]3F 7FAm o] e SRS V)

U A1) Al 219 A0 et BCE A1

74247} 24kel membrane filter 5-2} ——rLoﬂlﬂ sucrose
Ex9] Z7}d u}e} membrane filter 221 11.6 mS/cm

oA 8.0 mS/cm=, membrane filter R E-Z = 7.6 mS/cm

o4 5.8 mS/em=Z A= WA W ol= JE wiel
A= o % Yt} Park Kim (1998) £ei4:9] EC 3t
o] 4~8 mS/emollXE HEA FHETo] AKo| Fhsdhs
8~16 mS/cmol A= &9 AFo] st stg=d)
B % A] membrane filter -2 3= 31 viA 2k 7h4 o} &

7 ECS F712 A8 AV vigells 4 && o8

kgt

Membrane filter §-&+
s & AQRuke.8 z

brane filterE F2H3}14] &

F5-¢} sucrosed] =
AV 25 (Figure 2), %
or31 sucrose EEE ZU1ELE 15
mmoA] 42 mm=E AA sucrose?] FaFS Ho] T H)
AR 75‘—?—01] sucrose S 7}
A 43 mm=E 7+ o™ sucrose wE2] Z7tol] o} H
setAY 2388 Zaskes ﬁﬁkOli’iE‘r <= membrane
filter W] 5-ZFA o]l &= sucrose FE o] F7lo wbel 6.9ufjolA]
12.092 Z7}8} 2 membrane filter F-2FA] o= sucrose
3.0, 4.5% AHE)v-olA 134, 1242 kot sucrose F
o] & g49) zpol7} 2.4uiE o] membrane filterE
F&s1d 247 45472 Wk} sucrose Fo A FEFE

3l membrane filterS -2

Shoot length (mm)
- 8
e
e

2 g

S3 S0-M S1-M S2-M S3-M

2] ¢ Ao E Ueiyth fW4-2 membrane filter 7)%
27| A= sucrose FH7FFOIA 1.2 e’ 2 A1} 4.5%
o)A 9.4 e’ 2 YERY sucrose $159] Z7o] wlwl £ £
o2 Z7}8 9 membrane filterE F&3F 2 sucrose
AT A] 13.0~15.4 cm’E =0} sucrose s Eo] W 2}
o)]Bt} ¢ 3]# membrane filtere] 37} o} Fth o] Ax}
HFA] F7) EFo] o]Fo{AA] g 8VE AMSAE
745l AR AEA BEE YA E sucroseE LFH
022 FFEA EIAGAAGE ZtFo] Fojof & ¢ U
S A5S Yaire 9ot 7}/‘\E§‘r°ﬂ o) 22 B3}
A& she AT SAAY 7 GEAA EFE BT
QAR A7 Bed Aow At ¢S membrane
filter B-2-8-30] AMQ) o] sucrose EE9 =7} wieh 2
o]z o membrane filter F277} wiR2rET AAY
H)2=519 k. 24 membrane filterZ F-&3}x] &L 79
9] Zlo] ma} LIl 742 29T
membrane filterE F2+3k 7-$-ofl = sucrose 0~3% A&+
A 4.6700014 10372 Z7}15ittr) 4.5%01A 7.012
3] astded o] 7 et A iAol
oA IFEe o] AR Beje] AR A4l o
g v Aoz Azhdu)

ok 30d 5o eSS vas] B9 (Figure 3), mem-
brane filterE ¥ 2-5}2] gFgkS 7 2ol A EX 9] sucrose
HelolA ol gk WatEE E4S Bolurt 4.5%0 A
&7] il F2d 949 4547t -‘445]—1— o= A

Ae @de] vl ole dukHQl AEE EakA] V)
WEHE widsta s wed & & glid Eﬁ‘——i (A= A
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Figure 2. Effects of membrane filter and sucrose concentrations on the growth of balloon flower plantlets at 30 days after treatment.
SO, S1, S2 and S3, no membrane filter attachment and sucrose 0, 1.5, 3.0, 4.5%; S0-M, S1-M, S2-M and S3-M, membrane filter

attachment and sucrose 0, 1.5, 3.0, 4.5%.
* Mean separation within columns by DMRT at 5% level.



Membrane Filter2 Sucrose

Figure 3. Balloon flower plantlets in vitro at 30 days after
membrane filter and sucrose concentrations treatment. SO, S1, S2
and S3, no membrane filter attachment and sucrose 0, 1.5, 3.0,
4.5%; S0-M, S1-M, S2-M and S3-M, membrane filter attachment
and sucrose 0, 1.5, 3.0, 4.5%.

E ZHA] X5 o)) miied BEd £FE sl &
Efagdoz ALy Aoz AT ¥ membrane
filter 2|7l A= sucrose FE9| Z7tof wle} Azto] ¢
21 o] FAH e Bl Bdk &5t of 7]
W 377t A Aol w93 8498 e 29
2 membrane filterE FE351R] gol 7lAmste] o] ]
HE Adhuioks A Y] A8 A wlx) ) sucrosed) 23 9)F
sto] Ak B FAAE 2 $A) 3 membrane filter
& AMgsld AEA 222 JPAS E93) sl FRpt
FEAAE 2t o)F T3 Kol oA sucroser=
BzAHo) Od‘% ] A= RAeE wodEnh
/‘(Eﬂhs—sql & ZAIS A3} (Table 2), membrane filter
B2 sucrose = £719] &t SElEtA] el Al
#)%-& membrane filter P|E-ZF-| A sucrose X9 Z7}
o W} 41.4 mgolA] 289.7 mgo. B, HATAE 2577
mgol[ 4] 445.1 mgo 2 F718l o 5 sucrose FoA]
membrane filter F-2-7& w|R2tof] uls] A A Fo) 1.54)
o] A &9kt £3) sucrose T3 7114 membrane filter 5

2o} mRALe) Rpoli= 6202 Fr )R 2o]E Hyr).

BEI} TeK (Platycodon grandifiorum A. DC.) 7IL§ HILFRO| 4

dZol ajxl= g - 213

AEFT A BAFTH v=d A golglon 53] membrane
filterE &3k sucrose T4 7= membrane filterE v &
25} sucrose 4.5% =77l BlE] AAZFL 32 mgo] Wk
o AEFLE 239 6.3 mgol ©f w9t B AY Ay
wWokg-7] ) 7hamsto] Al W sucroseS FHSE AR
o B3del a9 9n)abn 2~EFE]2 (Lee and Jeong
1999), 7ho]A(Kozai and Iwanami 1988)2] Ax}s} G-A}
st} Ar$S membrane filter V)F-ZTo)A 91.6~
94.4%%F 2.1} membrane filter F-2M o] A= 86.2~88.1%
2 Yeler sucrose 55 27bol nfepxE A E 244
3ol A% 273 AEAE 48+ Ak

2 8 Y

rx
HI
o
of
RO

AT 1 g & G5L ZA 3 AT} (Table 3),
membrane filter H}—‘?— 2| ‘Eﬁi a, b2 {54 g
2 sucrose TE9 =71 we} =4 vleEbk o8 membrane
filter - -?OI]H‘“ A 7hAshe Agolgloy folyge
gigith ®3 membrane filterS —r—}?’?} sucrose FA 7=
membrane filterE 52312 252 sucrose 4.5% 2ol H]
3 25y & HEA TS L}E}‘-ﬂ B3 5ol & 7o
2 AT mEbA wiA W 71 sucroseE YRS
2 3k bR E7140] 7Fee wiokEr)E AMSS)
of FAPLAPIHE Pee o] YEL S o A
g F/AIEY a9dolgln A4etk = d5a
a/b&2 membrane filter 7)F-2-Lol| 4] sucrose FE Z7}
o wWa} 2.76 mg/g F.W.o4 2.94 mg/g FW.2 ol o}
membrane filter 221 sucrose 5o Aag] 0] 3.01~
3.07 mg/g FW.2 v} 33 50] Foldas
o] ghgfo] wolxled B9 BiYRAME & %59} %
Alegto] He uldgAdA #jgt Bolld 52 abgo] =
olFvk g wh gith (Kozai and Sekimoto 1988).

Membrane filter$} sucrose s1o] wE o @ & gtk
< Table 49} 72t} @ agke 293} sycrose £EY o

_tnel'

Table 2. Effects of membrane filter and sucrose concentrations on fresh and dry weight of balloon flower plantlets at 30 days after

treatment.

Membrane filter Sucrose conc. (%)

Fresh weight (mg)

Dry weight (mg) Water content (%)

No attachment 0 414 & 25 ¢ 94.0
1.5 1076 ¢ 6.1 g 94.4

3.0 1672 ¢ 114 f 93.2

45 2897 b 244 e 91.6

Attachment 0 2577 b 306 d 88.1
1.5 3116 b 392 ¢ 874

3.0 3934 a 46.7 b 88.1

45 4451 a 613 a 86.2

* Mean separation within columns by DMRT at 5% level.
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Table 3. Effects of membrane filter and sucrose concentrations on chlorophyll content of balloon flower plantlets at 30 days after

treatments.
Content of
Membrane filter Sucrose conc.(%) total chlorophyll chlorophyll a chlorophyll b Cg/ltc:r(r):tlil(})/ll
(mg/g FW.) (mg/g F.W.) (mg/g FW)

No attachment 0 0.75 & 055d 0.20 ¢ 2.76 b

1.5 1.16 ¢ 0.86 ¢ 030 b 2.86 ab

3.0 193 b 1.44 b 050 a 2.90 ab

4.5 2.09 ab 1.56 ab 0.56 a 294 ab
Attachment 0 231 a 1.74 a 057 a 305 a

1.5 221 ab 1.67 ab 0.54 a 3.07 a

3.0 2.10 ab 1.58 ab 052 a 3.04 a

4.5 2.06 ab 1.54 ab 052 a 301 a
* Mean separation within columns by DMRT at 5% level.
membrane fier 1477} WA W3 2044 o k- GEAT F2GIG) £ 5e100 FEFIY Lo
oF YAl &% BAMOI BB olFAD UAUTh B AT IAF o149 sucrose FHE 23l BHY AT &

3} membrane filter P]| 5270l A= sucrose Fxo| W
Z}ol7t 12.6 mg/g D.W.°|1 21} membrane F-2HHol A
sucrose Fxo| WE Aol 87.0 mg/g D.W.E WH3lo £
o] A3 sucrose 3% AT H)3 4.5%0) 4 238 FHA
gt &3] e7leg 479 31441 membrane filterE
SHA] @& sucrose 4.5% Aol WiE] BRI
membrane filterE 23 sucrose F-H7Foll A @& &gfFo
1.6W)7} & %ol sucrose A7} Rt} membrane filter F-Zo
BN EFHAINES & F U FE FHFE 4
gk 7330|310 membrane filter 7)Ao B o
9] 46~53%°]%0 21} membrane filter &= 26~31%
2 ol JulH oz FFA AEo| thE 7B ddo) &
el AR EI S-S ¢ T UM

olde] AR et grs AL gol, FAHY

;31
gl
I
|
2=
N

Table 4. Effects of membrane filter and sucrose concentrations
on content of sugar and starch of balloon flower plantlets at 30
days after treatments.

Content of
Membrane Sucrose
filter conc. (%) Sugar starch
(mg/g DW.) (mg/g D.W))
No attachment 0 56.7 £ 259 b
1.5 60.2 ef 318 b
3.0 67.3 de 315 b
4.5 69.3 d 358 b
Attachment 0 111.1 ¢ 340 b
1.5 1458 b 383 b
3.0 198.1 a 59.6 a
4.5 150.7 b 410 b

* Mean separation within columns by DMRT at 5% level.
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2 WA E A3l A= Figure 49 o) 304
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Figure 4. Scanning electron micrographs of stomata and guard
cell on the abaxial surface of balloon flower leaf cultured in
vitro with membrane filter and sucrose concentration. A, Leaf
taken from field grown plant; B, Leaf in the sucrose 0% without
membrane filter; C, Leaf in the sucrose 0% with membrane
filter; D, Leaf in the sucrose 4.5% without membrane filter; E,
Leaf in the sucrose 4.5% with membrane filter,
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HAES) Fito] Foeha A= 7)3e) Ba GO
T wey EuzA3 0 92 R5EA G450 3l
epicuticular wax rod7} TREQCE o]2{3t epicuticular
wax rodi= 348200l 93] P 7hre] wd F A
715¢ A= $23% oS sitt (Hull et al. 1975;
Martin and Juniper 1970). 8H8 7] S-21EA1Y gL 71F
o) 23 vz WD) FWe) RALT) Wero wE
3tod 7]Fo] B=Fo] YArt =3 membrane filter H-27
= AT vlE] AR 7]Fo] @3 AL sucrose -
H7Fel vlEl 4.5%04 7]Fo] ] 28 Jden FHA
27 B gA T ditg oz s elgRdAAME 197t
aheslR] B&ko] epicuticular wax rodZ FHolE- 4= gl
Kim#} Byun (1988)% 7hdjo]A wjgor] 24RE 9
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Figure 5. Transverse section of balloon flower leaf cultured in
vitro according to membrane filter and sucrose concentration
treatment. A and B, Leaf taken from field grown plant; C, Leaf
in the sucrose 0% without membrane filter; D, Leaf in the
sucrose 0% with membrane filter; E, Leaf in the sucrose 4.5%
without membrane filter; F, Leaf in the sucrose 4.5% with
membrane filter.
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Figure 6. Figure of balloon flower plantlets at 7 days after
transplant in the pot. SO, S1, S2 and S3, no membrane filter
attachment and sucrose 0, 1.5, 3.0, 4.5%; SO0-M, S1-M, S2-M
and S3-M, membrane filter attachment and sucrose 0, 1.5, 3.0,
4.5%.



216 - Korean J. Plant Biotechnol.

Table 5. Effects of membrane filter and sucrose concentrations on the percentage of survival of balloon flower plantlets at days after

transplant.

No. of transplant

No. of dead plantlets at days after transplant

Percentage of

Membrane filter Sucrose conc. (%)

plantlets 1 3 5 7 10 13 survival (%)
No attachment 0 14 6 8 10 - 11 14 14 0
1.5 12 9 9 10 10 12 12 0
3.0 13 4 9 11 12 13 13 0
4.5 14 7 7 8 9 12 14 0
Attachment 0 14 0 0 0 0 0 0 100
1.5 14 0 0 0 0 0 0 100
3.0 14 0 0 0 0 0 0 100
4.5 14 0 0 0 0 0 0 100
A5l F 395 membrane filter V|52 A sucrose = H]3] membrane filterE 28} sucrose 47104 H)%=
o ZAIglo] 50% o] TAFEIE o TUA 64% ©)/d, 13‘34_ AV =tk gEA ﬁé}%k% membrane filter F-2H7-0] A
A EF ARG P membrane filter F-2HFollAlE 134 w|RA vlE] Eokon @ FFE Hd AFo|ded
77};‘].‘-:_ EE MAZE LSt 22 sucrose o @ F A7 Aol ¢ Fith 7]E-2 membrane filter F-2H

2 &L Zol= F1d 4 g1tk ©]= membrane filter
g 5% 7keug wjF-g7] AA9 Sl e Zlu A
3o A EA7} A28t Adz Helvl Earled} Langhans
(1975)= camnation Bl{YEE E%d| £3AAS w HES
o} 50% H=%.2™ Broomed} Zimmerman (1978) = black-
berry®] 79 60% ol AEIAATIT Lk B A7}
A Aol UeET] ol E3tadel Aol Az
t}. Membrane filter §-Zted 5ol ulzl AWEL Q] o)) F
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72t A-g 52U FAEAL o= As) &5-9 Al 4
A Hga%7) WEelgtn By 23 tE &9 H
SR A%k 9o -r?@’r F AEES Fo7] Aslx e WA
£ A Xt} membrane filterE AR
o= gztE,

Y sucrose EEE Zo
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1 2
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