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Effect of Seed Dehydration and Temperature during Cold-Stratification on the Seed
Quality of Panax ginseng C. A. Meyer

Su Jeoung Suh, In Bae Jang, Jin Yu, In Bok Jang, Hong Woo Park, Tae Cheol Seo and Ki Bum Kweon'
Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.

ABSTRACT

Background: Dehisced ginseng seeds need to be stored at cold temperatures for around 3 months to break their physiological dor-
mancy, and thus, to aid in gemination. In the presence of high moisture in such an environment, seed spoilage and pre-germination
may lower seed quality and productivity. To improve seed quality during cold-stratification, the effects of seed dehydration and tem-
perature were tested.

Methods and Results: In early December, dehisced ginseng seeds were dehydrated at 4 different levels and stored at 2°C - 2°C, and
—20C for 3 months. Germination was carried out on the filter papers moistened with distilled water; emergence of root, shoot, and
seed spoilage were assessed. Seed viability was examined by the tetrazolium test. More than 90% of the seeds stored at 2°C and -2
‘C without drying or endocarp dehydration germinated, but seeds that were dehydrated to have a moisture content (MC) below 31%
showed poor germination and lost their viability. In addition, the seeds stored at —20C failed to show effective germination.
Conclusions: Seed storage after endocarp dehydration might help to improve seed quality and increase seedling's ability to stand
during the spring-sowing of ginseng.

Key Words: Panax ginseng C. A. Meyer, Cold-Stratification, Dehydration, Dormancy, Germination, Moisture Content, Seed Viabil-
ity, Spring-Sowing

M A o} (Kwon et al., 2001).
A4t Al Al JHte] R Tk UiRE VRS 9
2 (Panax ginseng C. A. Meyery> ©}Alole] S5X|wr =, oju =xolH AL HOmA X]'Oj Aoz AelH

o
>E 4011 P.L'

59 (34-48°00A APAshs thaAl 284 21E=EA T W HER) dojdth 718dl dgste Aol w3l sgste

218 stk kAR AAAQ] Y AlE A Rt ] Hoh Eokgo] Ea BeEddo] SEsH| oA ER 7ts
& gl g W UHoZ = uirt mpdse dEjolojA] H IS ASEAR Qg ZPERTde] BA] o A
oF & 4= glrh 15-20Tolx oF 3 7/HE7F 4 AFLS s 71E X3 §50sH & 1 & a7 €k (Kwon er
n s AdEe] w7t s WS s H=d, ol siztel  al, 2001). 7R TEo] thEHE 108 HelA 119 S<EAkeld
2har F-2oh Aizte] ¢hEE FAE T oF 3 /HYZ 4C H o]RoR|=H] 2001¢ -2010L4 119 At et Z9Lre 6.2

52 AL Aol AelH FHol FRE o] wolr) risalx geol ¥ 2011 -20159 Ale] 111 92 Z7tea e

TCorresponding author: (Phone) +82-43-871-5604  (E-mail) giveme@korea.kr

Received 2017 June 29 / Tst Revised 2017 July 17 / 2nd Revised 2017 August 9 / 3rd Revised 2017 August 21 / Accepted 2017 August 21

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.

209



MY - Eoldl -

- MEKE - 2712

(KMA, 2017), 7L S7I= 3550 AFL Wol BuES Lee 5 2004y 12%= AZsl 7 @ A & 74%9] &
s H= ARIZE 532 Aok BEES fEiME 1914 A ok&S #ESH ub oM, Proctor T (2008)%= 1 W o} F
Ao A7t HEEr] dells Beet £9ste] = AE ®Haste] ARgs] Qg e R xR T AGES
A ] At EAY gl Basid o, FHtddls AA AE3tHa, 2ALFEdAxHe] AdFNME (Kim ef al,

are] g-go] Bolxltt.

AR EE7] A T84S AEA FHER ] 9l
=0 ol Bast 2%, 77} 28 F dEie B
A7 YA (Kwon et al, 1986, 2001; Lee et al.,
1986, 2016; Son and Reuther, 1977). <=° tst A++=
O W2 oA Aol o]Fojxlom igzxzlel uwet
60 dollA 105 He] Alzte] Hast Aoz LA Uk <4t
A T L dubtdo g IpES Qs Aes &
A dom, FHE 7|7 E ARt FEE FAE = Al
2 5 E7] AAsl] 20§ AR gk 2d A 717k
B FFste] Rzt dojubAy, A7) oA FA
o] B FTAEC] I Mo wels k= A9t Azt
(Kwon et al, 2001; Li, 1995). 35 Fole Zol&o] Az
shal Ago] Bt Z-97F A7l o dle] B A
Fefel] ogh ZRIA] Fg Fof] WAsks A= HEsHA
A YA Rk o 7Rl SEetEE FAF A7k
of Mshk= Al deiMe F55 WA Zou H2 =
o] B9ES sk w7 Eo7kal el wet o]y gk A4
Aol gk s d @ o] mpgd ool & Zlojt}.

A A 717 9 TR R 4
germinationy= SAS] e B 259 HWH
o, FAk] AXRAL Holgs AAE
1978). 23y A= F 7HAE wie] SRR S
A H= T gledl, 2 olfre AR AxeAd S F
HEelglol] dAgFe] o] Hashr] wio|t

TAE AR o FAEEEE A 2= gk 9zt
Lol mwet AFdEAE (orthodox seed)$t FAGA FA}
(recalcitrant seed)Z TEE T} (Bonner, 1990; Pammenter
and Berjak, 1999). dWtH o2 A FAES @*e 2=
(-20C -5CyllA BastAY FAke] RS 3504 (5
-10%) EASAES o FHE Bt A48E =4 + 3
t} (Bonner, 1990; Bothast, 1978). Z2&{u} FAZY FAES
20-50% olst® o] 7SS W SojH i A2
Aol ofHem A7IZF AFe] ofHTt. Al A T
oF EAY FAZE VAR Fof| wef 96 As 28
e AtE ofHA A 2 5 Utk (Baskin and Baskin,
2014; Bonner, 1990; Khan et al, 2002; Pammenter and
Berjak, 1999).
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2008; Rajametov et al., 2014; Yoon et al, 2005) 7H7214d
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> FAALEE SN = AR w94 WA,

2 A% 32 ApEel BE A7t BAsTh

L

T
E3 EHyx
£3] B35
Il

= H
o olth web B ATE 2S99 587 A F
b Faetet g A4 Aol A ARl 242 flsk,
A R 2EE gejsle] SAE ARl Toll wE
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2CelIA] oF 20 A Bzt AxA2E ook MeS
79.6%R00H, Ax A T2 WP 6.5 oItk
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Weight of seed(g) at (1 00-inital MC%) x inital seed weight(g)

DMC% = 100-DMC%
21
Moisture ~ weight of initial seed-weight of dried seed 100
content (%) = weight of initial seed
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. BX} 2ot

ol ZARE 98] 20C A" FA= 2T 5 It
3N7)aL, 2Co Bl Faks 2T 3 97- Bkslo]
A o2 FSA AT MM TS AU &

K ey ey

o}
=

sE= ol 24 AIZF AT & FAE 5T T4 &
=S 98l 70% AHES 1 & AL Al gAE 14 6)
343 A=l (soium hypochloride 1%)S 10 ¥7F x2)3
T SHTE 5 3] ol ATk 258 FA= 150 mn
JEZ Y] 2 o] Advantec No. 2 A (Tokyo,

=za2 2=

Japan)S 21 ZHTFE loml ¥ FH 50 P 3 wEow
2Pdste] 10T v alolx] oAl ZIL), ofw] Wolst Fak= At
8317 ekgrom, 1 U 74402 wolgS ZARBINA, 17l
7 TR dolkg ZAbolA ALt Wole} FolE EE
slo] ZARIFED 0] 1mm o) U2 AL ol 3
SRS, Soks Al siFete olbdH 717 T4 v
o7y Aoz AHson, g7t HFE A 7PEA
E3S o HEEe] vow S Tl Wt Ao}
& (seed germination rate), JYOtUS (mean germination
time, MGT), Zold YA (germination performance index,
GPD= Lee & (2016)°] AR W o2 ZALSISTt

4. NEUONH

2CellA 25 A o FEe] w8k A F FAETeh W
3] AZ2TE 24 AT FA F AFHE @ERS ;- Helo]

E =7:3)] 353t 10ColA 10 47 wisiezr 22T
LEDAIN 357] : 957] =10 h:14h) 4 F7+ wjFsiict.
LED (UPC Korea Co., Ltd., Seoul, Korea)= 4% E}Y
°=F 620-650m ] A TF3 450 - 470 nm 2] AW
3:19 v&2 EFAHAL FE Folo FHS
55 pmol/ni o]},
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TAEES 2] 98l Lee & (2004)0] ARE-SH HIER)EE]
+ (tetrazolium, TTZ) FAHES ALLSIAT w7t =52 &+
UEs: FAES 2L 42 9k 712 Fof dakeks89)
PH 7.0091 =< 0.5% 234-triphenyl-tetrazolium chloride
(Sigma-Aldrich Co., St. Louis, MO, USA) & &7} 5
off WAl Ad=2ellA] 3 AIZE HEGAIFIAL o] % 4Te] Htsted th
o RS FAVE T
7. SAEAM

¥ A= SAS Enterprise Guide 4.2 (Statistical Analysis
System, 2009, SAS Institute Inc., Cray, NC, USA)Z
AR, 3 WHES A3 3hS WX + ETHAF (means +
SD)E YERSITE AlE7Fe] F212Ql AFo]= Duncan’s
Multiple Range Test (DMRT)Z F25E 5% (p <0.05)°]
Al A3

2 3
1. BRIQ| 2%

Ado| AE3IA™E NZ A4 (Panax ginseng C. A.
Meyer) SAF0] FEEFS 58.7%A3L WHIE 53.0%A 0k
°] %2 Yoon & (2005)°014 ZARRE Rt} vlSszElaL, 22 @
oM et FAE] FREEEE 57.5%9 56.5%%
Mztol TEH FAE e FAFETZ 2 A7t ¢l
Aok v Wl s AiFoR A miEe el ol 4
A S 3] oHHe A 4 A7kl 100 2] FAE
FE A WAg e FREES 2AbEed Waes
52.9%°014 39.5%% FEgHFo]l WHAZARE S2F ekl
A7 flthrt, dake)e] 2gheo] 10%= W7 o ol
Fol 4t A7) gl 7 AIZE § 58.7%0A 53.5%= T
o] A4S HoT) (Fig 1)
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Fig. 1. Time course of ginseng seed dehydration.



Fig. 2. Ginseng
(O, an

Table 1. Seed moisture content after dehydration of ginseng seeds.

Dry MC" (%) Dry weight of

time  Seed  Endocarp  Tota? 100 seeds (g
SM58 0 hr 58.7+04 529+1.8 55.7+0.8 6.5+0.6
SM53 7 hr 53.5%+0.8 10.5+09 36.8=0.2 4.6+0.6
SM31 12 hr  31.2%1.1 7.8+x0.1  20.2x=0.7 3.6x0.6
SM7 24 hr  7.3%0.1 2.7+1.3 7.9%3.6 3.1x0.6

Mean values * SE from triplicate separated experiments are shown.
YMC; Moisture content, “Total; average of seed and endocarp
moisture content.
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RLs

HAoU} FAke] o] 10.5%°]8t= "ozl
TRl o Aadilal Wuleh A7t s
- Az7F A8 Wase] gl 10%
b o W] Alo] HolwHA] Bhe JEAS
Fig. 2). W29 <tol] #ofl= FAe] 45 7 Azt
SO FEHHoR & o7t g,
HEESiAAA] W7o w7 =2t B
FefAEA] thA] EFEEiRITH (Fig. 2).
FTAE ISl 2 A TE T
FAZ (SM58), W4z (SM53), SA=
312% (SM31), FAE 73% (SM7)ZE EF3It) 3438
FAbe] 2SS Table 137 7t}

A7 Aozt Mo FAES 24 A7 Bl A ENS
o), BE Ao 7xs] M| FEHE 35| HUt o
£ TAES TTZE GRS w 19 A+ =7 ujet
H-f7F B ERA 0 R o] o (A mAA]) Az
AR T2 s Aol B AoE Adsiil,
o] Kim & (2008)°] A3 AHANE FLR o= T2t
55 7 2= AT

Wl 7 Azl 23 ARVAA | ol
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seeds after dehydraton at 4 different moisture contents, 58% (A), 53% (B), 31%
7% (D). Upper; seeds with endocarp, Lower; seeds after endocarp removed.

9] FAke] 9 3&o] flglen FAEEEO] 40%°]
E (@ vAN), WA ARTE 3% 02 sizEARet
WAAEARE ] oEi i

2T AAE FAxT 2C-SM58)= A4z &
o] Azt A-eIA=T A Fell oF 50% o)’
AAIL, HAsHE 5 FIIR Wolslr | §1%eH, A
Tl w2 A &SI (Fig. 3).

FZF dolge 2T 2T AAe Yy Ax+ (2TC-
SM53, —2C-SM53), 2C-SM580] =AthZ 100.0%, 98.1%,
97.8%313%, —2TCol| M7et FAZRT (-2T-SMS8)y= 90.2%=
o2 ke 4R 10%s ol 5 RolEd (Fig 4).
2} o] 31.2%39 SM313F 7.3%3Y SM7= 2T}
2T Aet A BF dolErrt =2al HE dolgk

Azsgled], Axwst A9 SM79] 25 SM31c ol

1
E]—O}‘o
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Table 2. Germination properties of ginseng seeds after storage for
3 months at 2C, —-2°C and -20C in combination of
different seed moisture content.

Storage L
con ditigon Germination rate (%) MCT cpp
™ sMmc? Root Shoot
SM58 97.8°  61.6° 7.4¢ 13.42
o SMS3 100.0°  91.34* 19.7° 5.1
SM31 68.2¢  38.3¢ 28.1° 2.4
SM7 80.1° 0.0° 32.5° 2.5
SM58 90.2°*  81.4° 16.3° 5.8
o SM53 98.1*  94.9° 15.9 6.2
SM31 58.7¢  32.5¢ 30.3? 1.9¢
SM7 87.3° 0.6° 31.6° 2.6
SM58 0.0' 0.0° ND? ND
20T SM53 0.0f 0.0° ND ND
SM31 19.9° 0.0°  30.8° 0.6°
SM7 48.4° 0.0° 31.9° 1.3

*Means within a column followed by the same letters are not
significantly different based on DMRT (p < 0.05). 'T; Temperature,
2SMC; Seed moisture content, ?MGT; Mean germination time, “GPI;
Germination performance index, ND; Not determined.
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(B) 2°C 2°CSMS8  2°C-SMS53  -2°C-SM53  -20°C-SMS3
120 Fig. 5. Emergence rate of ginseng seeds sowed in
S artificial soil. *Means within a column followed
o by the same letters are not significantl
e —e—SM58 different based on DMRT (p < 0.05). SM58;
s seeds without dehydration, SM53; seeds with
H sMs3 endocarp dehydrated.
£ —4—SM31
5‘-5' ——SM7
&o] =3It} (Table 2, Fig. 3).
Days after imbibition —20Tol] AFHR FASL BT oyl Azslgew
20°C SM58 (—20C-SM58)2F SM53 (-20C-SM53) AeEl+& 3]
() 120 ) wolskx] FEslal B st (Fig. 4). SM31 (-20TC-
oo l SM31)# SM7 (-20C-SM7y= 712} 19%¢} 48% ol 3}
Q
T 80 | ——sMs8 A, G AZR%7F 78 SM7 A2le] delgoe] SM31E
s zg | ~-SM53 T} =94t} (Table 2, Fig. 4).
[ o,
£ . FFdoldd (MGT)E Wop/l waiel 2C-SMsse] 742
£ ——sM7 . o o
g o : 7V #sketl, 2C-SM53, —2C-SM58, 2C-SM530] 15.9,

14 21 28 35
Days after imbibition

7 42 49

Fig. 3. Germination percentage of ginseng seeds stored
at different seed moisture content in combination
of different storage temperatures for 3 months.
(A); 2T, (B); -27C, (O); —20T.
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Fig. 4. Final emergence rate of root, shoot, and seed spoilage of
ginseng seeds stored at different seed moisture content in
combination of storage temperatures for 3 months. (A);
seeds without dehydration, (B); seeds with dehydrated
endocarp, (C); seeds dehydrated until MC 31%, (D); seeds
dehydrated untl MC 7%. *Means within a column
followed by the same letters are not significantly different
based on DMRT (p < 0.05).
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163, 19.792 & Apol7}F JUSUTH (Table 2). Hole] #+U3S
HojF= dolgdx]4 (GPDH2 4% MGT7F &d 2TC-
SM580] 13422 7F¢ Eokom, 2TC-SM53, 2 C-SM58,
2TC-SM53S 747} 62, 5.8, 5.18M g7kl 2 2jol= ¢l
ATt

AR EEe Wolgo v SRR &9kth. 2T-SM53
7} 2C-SM530] 217} 94.9%S}F 91.3%% 90%014 ZoFstiA]
7, —2C-SM583 2TC-SM589] Zol&2S 7+7} 81.4%%}
61.6%=H ol 2ozt ZAth (Table 2, Fig. 4). 2TC-
SM3132} 2T-SM31 7+ 39.3%9} 32.5% Zolsfe]
Zdd8] AR Edo] oF 50%9 T WhH, Wolgo] SM311E
t} =9 2TC-SM7#% 2TC-SM7& =5 Zolo] Asjjslgitt.
—20Col| AN FAES Ax=e} JHglo] BF Zols)
ES-i=

Ushg] AzxTe] Eokg o] EYoME 22 A B
olgA AFEAS w 2T-SM582F 2TC-SM53S 2TC-SM58
Ho} & o8-S BT (Fig 5). 28y 20C-SM53&
oA AgeqA 9} vRIA R Fols HF skA] UTH

3. AXEX| FHEl}
Z227} AZHJA SM31F SM79] olsT Solgo] A
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. 6. Emergence rate of root, shoot, and spoilage

after additional moist cold-stratification of
dehydrated seeds. SM31; seeds dehydrated until
MC 31.2%, SM7; seeds dehydrated until MC
7.3%. *Means within a column with same color
followed by the same letters are not significantly
different based on DMRT (p < 0.05).
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Fig. 7. Ginseng seeds stained by tetrazolium to test

viability. Seeds were imbibed for 24 hours in the tab
water following 3 months storage at 2°C (A), -2°C (B), —
20C (C) in combination of different seed dehydration
degree. Ten seeds were arranged proportionally
according to the staining pattern of more than 80
seeds tested in each treatment. Box indicates the
dehydration degree.
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AR Sl A A4 & SR 2 7 ALS A
& oS &1glEd 2TC-SM313 2T-SM319] Wolg-o
91.4%, 97.3%=X A2xgsl7] HMETE F7FeFAL, Eoks
& 29.4%S} 64.6%EA 2C-SM31¢] A9 A2xgsl7] A
of wls Folgo] 2wl F7sIdth. 2ev 2C-SM7% 2
T-SM72] o8-8 393%9} 382%=2 Q3|8 Wzl Zo}
&2 B 0024 WHEo] I (Fig. 6). 20l A3
H FAEL Fojeke SAEC] Bt

2% olfE AxE AT FUEE Ade] YFL MHEA
=

4, 1% U KMER2T 02 SAE

Holg B Fokgo] A FTAMYH o] eA &
olr 7] fla] HEZESR (TTZ) s ailetl F44dwt
= Fig. 7% 2t} TTZ 9L 8IS o 07k =21 W
2 B3Alolu HAe wal, S 242 HAlo] x| fom,
go] "olRe A9 oA wolgo] "ojR= e 1%
Ao g HAMo| =t} (Patil and Dadlani, 2009). 2T} 2T
o] AAERE SM587F SM53S Hijf-7F B BEEAS ]
a7, vlE s Beaom Halo] Hnt (Fig. 7).

2TC-SM58L B A5l A Heoll Wols Al %
g Aol Befzk 1mm o]} U2 AES el ARgaisi=d,
EEF0] U ofgiies HAlo] HX| ottt ol FAkA
5 59 oA &4 ol I g slog Agzto]
Hct 2C-SM589] A1 wll+ Aol Ao dx|akd=tl th
2 AFEL ol Ha] wo] 22 o]t} 2T-SM313
2C-SM72 Hil= B 3o = g 5910 ulje] 214g
of dFat= T/ Mol HA FAV ey E i
(radicle)o] st HAg w3t (Fig. 7A). 2TCe] A=
SM313} SM7 FAk= o] dMo] IFA] ¢fy AFYUSFS
nom wjel g Age G| Aufishs H$7F BkaL A
AR 2 R (plumuley> 13 HAMoz Halo] Gt
(Fig. 7B).

—20Ce) #74gt SM582 Hlje} vl B5F HAjo] =] ¢kok
3, SM532 vl AR7F A EHQA T vl AR ek
t} (Fig. 7C). ¥Fa SM313} SM7& 127 JAHRE sk
A9k wlf7E g Aoz Jale] wo] 2T A8
SM31 2 SM7# frAREAY B AFE-S S w3l

i

2t

w A7eME BuEs SO T ARt A T4
AgAE wf Fofjel Adols wr] fsf FAE A2
sz Zlo] Fraeel FAEYd niAE dFS A

Fat st 343 Wades Q)0 Fix ez A

T FAE oln] AR Foll B2 Fol olsisitt. AHF

ol ol i

ol



BN 2N B

7ol FHE} 2 QAR AEAbel w B Az o
2 60 dollA] 120 o] Hagh oz AR U= (Kwon
et al, 2001; Lee et al, 2016, 1986), ¥ Wolr]d AJz} A
7l A AgeA F 115 do] AFst et ANEA
= WALLME Wolr} 715 ERE (Lee ef al, 1986,
2004) FRo] 9A Efukehs 7% gHtol B AdEiollA i
250 AT 739 ASA7IE ZoiA W FA; vl &+

11
=
}\O

A7t RS BelEeh e o WE (2C) 270
He A2E A gobs A Fol Wolg a4 aske

2T AA EAHT Zol80] =4t} (Table 2, Fig. 4).

W] AzFE (2C, 21C) &ol&o] =o} FHErTt]
FEFel oH, FAEHAE A7 AT (Table 2,
Fig. 4). 2355 flal 547100 4t S A4T wel
RS S8k AR, S WA E 2l & Ashke
WS AplErhE AlolollA FHEAL URIRE, SRR
it 710 WakelA] skt) B Ao Ajd Ads A
A A Al B AXAEE Ao ® FX|3)t 3] 9]¢
7} dekar & 4= 2ok

Dbl EAE BeldoE nEsky, 470 vieA gus
wolF ol 270 Baw SR FEE UL W
s, woleldl &

[ RN
AR

Ho] 59 Aoz dHA
Choi er al., 1994). o] AZNA W73 HAx=Z 3] Eok&
o] ozl Yle g FA Wt Az Jgoz <l
B wAo] fase] FAHE T AARE 7Fe
(Bothast, 1978), W¥9]7} AZEHA] FA}e] Egtko] 4

% FA) s oF 10% 4T FEE Az ol <)
s F4] AL % 20 AFYS B9 FAe VYL

h=R

MRS 7P AZEl B S Atk B9 (Codonopsis
lanceolata) EA1 A& = 7A%xA2)S 1A dehydrin 54
2e] wlo] Z7}eh=d], dehydring Q14 EAAE wo]

HH, A2, 54, A% T 2Ef 2 g APHS F32

N7lE Aoz d#HA vt (Ha et al, 2006; Hanin et al.,
2011; Pulla et al, 2008). FAFe] AZ7} FHER o] oIt
te ArdFE Jlom, yae 7AxAert wdoldA =4S
alstAY 28-S AAEAS TFeAE AdElE Aok

(Huang et al., 1996; Kim, 1994).

A AA7E 30%015t = AZREJS W dolel ol B
AR oHH BaES A% AR == H-eHH]
AUTH (Fig. 4). Wol&o] Dozl A& g FRggoz &
Aelur} R=3 A3 (Fig. 6), =AEE A8} (Fig. 7) 9
oz Az 23U} Lee 5 (2004)2] Aol Jshd &
AT 12%2 TAE AxRe Fo 7 WA= Az
MM Aol Thsslgen g, Az, &3t 9 FHERRERY
ol mE AxFAe] A Ao dasih

?
e}
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O|AEX} X&H=Z4

[y == No)

FAY Hollshe Ae 3 7Hde] A7I0lE e o
Stet. et 20T AR TAk= A F Lokl
A o7 Asidnt (Fig. 4). F2x dElE 2CA 233
35 10%8%=7F Folisigletl (Fig 4), 3 dulelMs
Qg nol FAE 4 Thsdel § W w2 AoR A
Zhet.

ool A HH 4 /MY mvke] s 919 A
717k 59 —2C -2Ce] o= FARAE FA EAIEA
oLt FAxsl] W] AL B A% Foll ot
7FeAde] AaL, Wik AxATlE AR AZAA AR

£ o] EABA A Bgo] Hi FoleE FAE
Wulo] B Aoz AZET sAu Baje] el 2

FHelEE AT F JeH (Fig. 4, 6), 72 wf
W) el Exle] AZXEET7F PR EE (Yoon et al., 2005)

BTl B8 A PgEoR A2 F e 4 A%
We SYAAk & Zolt.
ARl =

w A7 FENE ATARIEARIE: PI01098502)°] A
o eJ8f o] Fojxl o= ol TAEHUL.
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