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Control of Soil-Borne Pathogens in Ginseng Cultivation through the Use of
Cultured Green Manure Crop and Solarization in Greenhouse Facilities
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Ginseng Research Division, Department of Herbal Crop Research, National Institute of Horticultural and
Herbal Science, RDA, Eumseong 27709, Korea.

ABSTRACT

Background: Root diseases caused by Cylindrocarpon destructans and Fusarium solani decrease the yield and quality of ginseng.
Cylindrocarpon root rot is a major disease caused by replant failure in ginseng fields.

Methods and Results: Solarization of infested greenhouse soil was carried out during the summer season after applying green
manure (Sudan grass) and Calcium Cyanamide (CC) on the soil. Mycelium and conidia of C. destructans died at 40°C after 15 h,
but they did not die at 35°C after 15 h. They also died after keeping the soil at 40°C for 2 h daily for 9 days, and at 45°C for 8 days,
but they did not die at 38°C for 9 days. Maximum soil temperature was 55.4°C at 5 cm depth, 48.7°C at 10 cm, 44.7C at 15 cm,
42.5°C at 20 cm, and 31.9°C at 30 cm by incorporating green manure into the soil and using solarization. Solarization using green
manure mixed with CC was the most effective in decreasing soil-borne pathogens of 2-year-old ginseng. However, the addition of
CC decreased the root weight due to the increase in EC and NOs;-N.

Conclusions: Soil disinfection using green manure and solarization in a greenhouse environment was effective in inhibiting root rot,
however, it did not completely kill the soil-borne pathogens.

Key Words: Panax ginseng, Cylindrocarpon destructans, Calcium Cyanamide, Green Manure, Root Rot, Solarization

M A FA8ZA0 7 7FsIR L Ae TSR] AR o= {AT
= o] FFE Z7EAT (Kim ef al, 2014; Lee et al.,

A4t (Panax ginseng C. A. Meyery> AF=5 At gk 2011; Mo er al, 2015). 3+ A= A5 wZe] Al
W A = 553 H Aol A HelA Akl 9L AH7F Wol 28 ¥olE Bslal AR ARAE FHOE H
= TRAA oRgAEolH, ASA 22 20C WERE WA dahe-2olM Qe Aliske w7 A3 solvaL ok 2
zh Apgith Q1ake Agebd gk ARy =2 el os] o At B She-2oA QIS ekl | T A Zsl ] el
o] Q& Bk Fo] JJom HEH, v Fo] o] Me Al F2 AES HojFe HES Y AESS

7¥eb, o] & Qls FoF WAISGTL Eolual FokRe] Wiz Al &S AeTe SEAQ]e] ettt By ESAY
%= AXYE (Jung et al, 2014; Kim and Park, 2013). A HYFe A3} 50cm ojUle] FEZ| R EAslnz
At Hdske-2ollA 14ES Auiskd 77 ApetE o] 3 AE= 50cm o)FS dflof PA3H (Jun e al., 2002), Eo]

HH, @A T A el 2ol FAS] Eele7] Wl 3PS -] flsl 1d ool Ayt BadH, A
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HushA Zolxl FHol7t A Ae 2 Ho= 7k FTh
oA Adlsl= A57F Bol g A Xstal ok
(Ahn et al., 1982).

HG3slp-2oA] B SES o] 8ste] A8
g e W2 X1873%ola HAH
o]t} (Kyu and Kim, 1985). o] w] B, &7 HE= H]|
E Auiste] Bl st 84, Msda o
f7l=o] Fsd o o= g 93 Ao
&37F =olXt}h (Simmons et al., 2013). =3 F7]89]
ajE W ATt ARES o|ikslekaTt A Eo] EFe] gt
JEHE W o 571 FEolQl B dsre] o W] A}
H3A "} (Blok et al., 2000; Klein et al., 2007). &%
ol e EAEA Bt Arkeol A3k Baro)x Enp
E NESHS 238k Fusarium oxysporum f. sp. fragariae
E 45CoA 7do]d APEESIY (Nam er al, 2011), 2=
21 5ol A B2 §IS= Rhizoctonia solani= 37 CollA]
142, 50CoA 1052 2hol] ApHE Tt 3k9th (Pullman ef al,
1981).

T Fusarium® EFHAEA BU7S ddo= 8gd
< o] &gt AgES B WS WASA; she AUt o]
FojRedl, 538 7] sy =AM f71E
o} FH|ZHES Ed] FYstal FHEE S Fiele] A
S A7 OiEE A3 20 em o]Uje] FEZM= HY
o] APEEL} (Tamietti and Valentino, 2006), B+ 7/
94 B0l wet A& AolE KL (Eshel et dal,
2000; Klein et al., 2007), #7152 FYHFoL} m=H|2HE9)
%% (Blok et al, 2000; Gamliel and Stapleton, 1993;
Stapleton and Duncan, 1998) % >*2]\d % (Tamietti and
Valentino, 2006)°] wel W] APEE&L Z3¥ TE &R
< Ho QI AR EFHEE As] e ohF

=

O

4=0f ofgt ol

137

==

]
3
%
)

ol
Do -
[
=

jud

i}

ic

f
o2
2,
i

F

i
o

ol
S
£

X
_O|L
2P R o

2

o
17
O
2

kU
b=
0
13

Pl
=

i
3|

YA E2 T QS
B 201549 108714 53
AFE AR )elaL Efolstsde
o] dR-s=rt ARt
&, 4, ZF, rkdlg2 QlakAl
Ax, ZE, VEF 5 AW
RS} (Table 4).
371 918 20139 109 sk sl T
o] Aate] 494 AANE Fol T B (34
A el EFE §79) 10en ol sl A2}
Nse EgRe) NEZAS 2SI A4S A
gt vk eie AEIAE AL & 12m, =°] 4.5m,
7o) 50 me] At

EGAES A9 Ahge 1) A +UID 25, 2)

s + el A%, 3) FRTE A F EYB ¢ 8
A, 4) PRI A F GRS + 48 + ey
5) FzEts A T ESR + 94 +HYE &
54e]oleh. A3 da, 84 A8 27 60 kgl
1R0H, AlFT i G 3WHEoIaL AlE T
79 16.5 ni ©]}t}.

2014 49 deell A48 F71-EH] (Samhyupnongsan,
Goesan, Korea)S 10 a3 3,000 kg Al-8st2 483k o} 5¢
gieoll Al FHaEkAE 10a 6 kg AHeRiTh EF
=3} A3 Faasts] ASAES B 27 199 em, A%
AT 3,933 kg/10 a, AV AEF 664 kg/10 ac] ATt
7¢ 244 FHIAE Scm Zo|2 A AE v A3EA
(CaCN,, Chobi, Seoul, Korea), 84H] & [(NH,),CO, Namhea
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71 Y&l 20159 39 =7 29 AAE BAE AAdE
150533 nt 74 (1028 153)02 A2}, vIdahe-s W)

o] FFEg ] S8l 50% 2EL] dFrlE AES
% (G0cm 7HA)o® HX|siiom, ofnf ko W FEES
10% <] ©]Aet.

QIR SH AT (Cylindrocarpon destructans)®] XA
T2 1935 93l PDA wiR|oA 25F7F ksl WA

AHAIE 35T, 40T, 45C 3 %&7401]*1 3-1247F B3k &
20C WPz §7) ke FAIS] YRS PDA Ho] 24
sfol o] BEOINE AT B YD 254 A

2o] Wslels g 2o HeZ7 (Arora et al,
A B XARREE ] 918 PDA wiR|eA 277F
Hjokst W FARIS 38T, 40T, 45CoA miY 2471
BHE ORS YA A7k 20C 2H08 oA Bt 53
2o 2 W] AEAFE ARSI

B2 20159 3€ ke BARS olsl] e B
PAEE AF st BT EAEE st B4 &
20mesh 2mmAE T3 vhe ol mAlsHAl Zof &4
§o2 ARt SIS T pH, EC, 715, fraslit
Bl X2 Folel K, Ca, Mg FEUSH EYSIRAH
(NIAST, 2000)°]] ;}9&1:}. AE 10 g& 100 m AH2H=
3ol Bty F=A (0.1 N HCl) 50ml 27} F & 5
Z 30T 117k XIEP % Toyo No. 5BZ o]z}5}o] ICP—
OES (Integra XMP, GBC Scientific equipment, Braeside,

Australia)® X|$H Fo]LS =T},

1996)01

=

5

}\

234 QUFe] AR AR 72 Aol ZAlslgon, A
S g W AEEE 108 skeol AT el

W ubgo] A Qe AXNFES THFSAIAFF x 10008
Akl on, walHey YT 0 (), 1| Pz
71, 2wk A, 2 ARl el S 173 ol
), 3 @A B 243 12 ol WA, 4 (@A B
IHE RSt ZARIATE BAZZ 23] (Statistical Analysis
System 9.2 SAS Institute Inc, NC, USA)S o]&3lo] 5%
fro]42=o) A Duncan’s Multiple Range Test (DMRT)Z -
oA AHE sk

2o oz
1. QAR HSHRAT (C. destructans)—l XlA
?_]/}}E,‘ia]ﬁ,% %ﬁ' (C. destructans)®] * %‘336‘}7]

ZA0 2 ol 5_/\]-0]-9113} (Table 1).
35C, 4OC, 45 CoﬂH TAHIE 3- 15417 &<tz Bast
Ty 20C 2702 $A AEARE RIS 35T M=
15717 st AJEsI oL 40ColME 15417 s
APEEIAAL 45CollX = SAI7F Aot APEEY] 227t Fof
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Table 1. Lethal temperature of mycelium and conidia of
Cylindrocarpon destructans in constant thermal condition.

Temperature Elapsed time
© 3h  5h  7h  9h 12h 15h
35 o' o o) O O O
40 O O O O O O
45 0O x? X X X X
DSurvival, ?Death.
ATFE AFEAIZE] FoAl= BAE A
Anbzo g EhEAe] BEXARZE (sublethal heating)=
38C U922 ¢#HA J=ul (Freeman and Katan, 1988),
40Ce] 75 ¥4 {;(—O] AP == HwA Q3 A7kl Ay
45C9] 2o|M= A Azl AFEERACE 28] 7] B

JE BHY EU}E ANESHLTF (Fusarium oxysporum)e
45CeA 7ol APEEIIAL (Nam et al., 2011), ZEAEHY
1+ (Rhizoctonia solaniye- 37CoNA 14do|A A1E o] (Pullman
et al, 1981) APE AQA|7ke HAH S50l ugt M2 g &
e Btk
HIHsk-28 dote] BYE A5 o A2 gt
35 Holil wol HAE Uil d¥stE Hol7] el
22700 Hedwe] AMEEEE ZAsHE o] st
Ao &A}xﬂ 38T, 40C, 45C Ao mjd 247 B
A5 TR VR 2247k 20T 270 R A Byd &
AEARZE A8 (Table 2). Wi 2417k 38C A2l
9o] Ao APEER] gk ot wjd 2417F 40C XEl=
9Y gl APEEAL i 2A17F 45C Hzl= 8Y Rl AR
A
Gamliel Z} Stapleton (1993)2 YHjFZS B Fdsl
HYE A5S S of B BAF Pythium ultimum
I} Sclerotium rolfsii= TE o APEE O™, Tamiettio}h
Valentino (2006)= El <&
S 90% JAEH] M= 42Tl 11de] dasitar
sle] WMol TR Az wet XA} AT
2 g
B Ao gezANME 40T 154 7F Thol] APEH
AL 45CoA = SAIZE Bl APEES] 227} FolAH AR
A|7ro] Fglo] @=H U=l (Table 1), MLzl E 40T
oA 18A17ke] TR EojoRtt APHEIISL 45C|A = 16A17ke]
A Eojokt ApEE|o] SLF 2A7ke] T2F7ME L7}
TP APEAZRO] FA| DEEA] AT} (Table 2). Shlevin
S (2003 I8k SR o] W7 (F7F 60T, otk
23C)oNA  Fusarium oxysporium f. sp. radicis—lycopersici-‘?—

OE B ﬂ

L

o=

25 3 APHSIAL Sclerotium rolfsiie 204 5 APEEISIEY],
44.0C x9N E oxysporiume 84 735 A=A
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Table 2. Lethal temperature of mycelium and conidia of
Cylindrocarpon destructans in the thermal condition of
daily periodic change.

Temperature Number of elapsed day
38 oY O O O O O
40 o) @) O @) O o
45 O @) O O X2 X

YSurvival, ?Death. Mycelium and conidia were kept for 2 hours in
38, 40, and 45C, respectively, and then stored for the rest of time, 22
hours in 20T every day.

S. rolfsic= 59 73 F AXpEo] MLzl W AP
< FexEn ¥ o A)7te] Hasitial sigitt.

2. SHIRE9| EQeiin} EjAUHol st X2 M5Et

F71Eo] HE v LAs=
FhagAE AU TS B ddslal sRAE W st
o HYE a5S sioinh FHEas Bl flsial &t

FEIA 20cm ZQo)7R= R|&o0] 40C o] Aol v
ASHAAS APEAE 7+ e =%

M T
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Table 3. Changes of soil temperature by putting green manure
(Sudan grass) into soil and solarization for summer season
in greenhouse.

Underground depth (cm)
5 10 15 20 30

Soil
temperature 55403 487104 447+04 425+03 31.9+04
(C)

Duration of solarization; July 24 - August 31, 2014. Fresh weight of
Sudan grass; 3,933 kg/10 a (dry weight : 664 kg/10 a).

Zolo A= Hdd Ardere TaslA] Balsith. wEkA A
3} 20cm Zo7kAl= WYwre] APEo] 7hsEht A&k 20 cm
ojate] AEZA Adsel ol Wt AP Z|gisl]
o2l e oz dAntHr

A5k 15 cm ZlololA] A A& FJsads BY A3
2 HEle A oy BeARo] 02T
o] 1.6C Aslct. Fezels Edh %

™
rr
1
EY
o
k<)

Tk BEGR + A8 A AP FAE o] WA 2o
1.6C 253lar HA|eo] 38T Assiied, Faadks &
G + 24 AHe HaARo] 3.0C Asslal FHux2o|
821 A53I30T} (Table 4). wEbA A& Az 7H4 @32¢)
Al FoaEs BEYS + 24 + B XEolsler,
ek EYS + B AR #ax]o] 0.6C U
Atk Simmons & (2013)°] oA fU1E SHEY EYF
87%, EH| 8%, WA 5%)S FHH|LE F&3te] HYE &
53 7 A2o] 2-4C ¢ Asstal sion, Egas
5 22%0] A F7IekARe] 85%= Yotk st

28} 15 cm ZlolellA] 40T o) 7o FAAE HH &
daeks BEgEs) dEAg|e ekl EYREst + 84
H2l7F 22 653417, T1TA17E0 2 A &2dgol a3 o]3) o
o, Szl EGEs)t + A3dA AEe 1250702 A
& Aart 9ojx Nam 5 (2011)2] Bel Ahels 4
H= Bk st BEYEY § 945 Friled 2
Aglo] Frtslo] mAE| ogt Fujj7} wha] Hedslo] &
Ao] Be Aoz Helth A3]dA (CaCN,) H7He Eolikst
ghane] Zgo) 93l dicyandiamide (CNNH,)Hl 242 &
=] A= H4S UYERAL o] 2 Qlal] wAEe] EAdo]
HojA g o] A A= Helt)

Table 20149} 7o) HLzANME 40Tl 3F 2417
Haste] 18217 A=A S ddo] APEEI] W

Table 4. Increase of soil temperature at 15 cm and 30 cm depth by putting green manure into soil and solarization for summer season in

greenhouse.
Average Maximum Time elapsed above Time elapsed above
Treatment (C) (C) 35T (h) 40C (h)
15 cm 30 cm 15 cm 30 cm 15 cm 30 cm 15 cm 30 cm
Control + S" 30.1¢c 28.5¢ 37.1d 31.4c 49.2¢ 0.0 0.0c 0.0
Calcium cyanamide + S 30.3¢c 28.8¢c 38.7¢ 31.9¢c 84.0d 0.0 0.0c 0.0
Sudan grass + S 33.3a 30.8a 44.7a 34.7a 265.4a 0.0 65.3a 0.0
Sudan grass + calcium 31.7b 297b  409b  335b  175.7c 0.0 12.5b 0.0
cyanamide + S
Sudan grass + urea + S 33.1a 30.3ab 45.3a 34.0ab 245.2b 0.0 71.7a 0.0

*Mean with same letters are not significantly different in DMRT (p < 0.05). 'S; Solarization. Duration of solarization : July 24 - August 31, 2014.
Usage of calcium cyanamide and urea fertilizer were 60 kg per 10 a, respectively. Air temperature was average 30.7 C, maximum 66.2 C,
minimum 17.9C in the inside of greenhouse installed at width 12 m and hight 4.5 m. Fresh weight of Sudan grass; 3,933 kg/10 a (dry

weight : 664 kg/10 a).
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Table 5. Change of soil chemical properties by putting green manure into soil and solarization for summer season in greenhouse.

Ex. Cation (cmol*/kg)

Treatment pH EC OM NO, P2Os
(1:5) (dS/m) (g/ke) (mg/kg) (mg/kg) K Ca Mg Na
Control + S 6.21ab 1.57d 17.6b 129.6d 124.5b 0.21c 7.40a 2.16a 0.21a
CC? + S 5.83c 2.25ab 16.1b 179.3¢ 109.4c 0.22c 6.82b 1.89b 0.20a
SGY + S 6.17ab 1.83c 21.7a 120.8d 144 4a 0.31hc 7.26a 2.23a 0.19ab
SG+CC+S 6.23ab 2.16b 22.8a 203.8b 149.6a 0.41ab 7.41a 2.20a 0.18bc
SG + urea + S 6.30a 2.34a 17.2b 227.9a 119.5bc 0.47a 5.43c 1.75b 0.16c

*Mean with same letters are not significantly different in DMRT (p < 0.05). "S; Solarization, ?CC; Calcium Cyanamide, ¥SG; Sudan Grass.

o A& s

FHagks

2 5 9

HolA B FohaEks By dExEy
Skl + 94 APl WP dTS APEA
e=zo] Fon} el BEYES) + 43

. SSHIRZO| EQISIeIN B 450 M2 EQl0[SIaH
pi5}

Seioehs sl

SR ERDNER

24 7 & EoF
HH (Table 5) 432
=xgE 9RsE, AAEEaTt S7HE 900 pH, /7]
Ak, Ay, vl 52 RS ZEY YERS &
3 It et B Age 9FsE, 771
Lk, ZHE, vl 5ol SV pH, A EL, JE
2 ARk el sl + A31d4 A2 pH,
Fek, §718, AAEEa, o, ZE, vl 5 o
o] Frde] S/ YEFS o A=
2 B + 84 Ale 9REE, 718,
A2k, ZFE, vldlE Tol TVHEAL YEFS
Ao, pHe} g T2 & Wt gl

ole} o] ol EYES} Al dFEE 7ML
F AR AALE SIHERA] ekt 4t Mgl Fal7t AL A

o AzhEie], SRRk +M3AL, SRRk + 82 4
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Aoz AzbEr} Stapleton 5 (1985)0) 2
o ozl HitejEier dEUole] Aie 6] F7hEAL
Ca, Mg, EC= ¢+ S7F=v K, Fe, Mn, Zn, Cu, pH, &
F71E T2 724 HlE HolA] dtial stk &
St Grzweig 5 (19990l et BFE Lol o8] EY
% N, K, Ca, Mg, Na ¥5& F7HEou pe Wit ¢l
$I3 pH, Cl, Mn, Zn, Fe, Cu= #HAHATIL st oH,
Ahn 5 (2010)°] oJala 7k AVdAp] AZEAol] f71E=E A
HAE 5-108/10a A8 f7182 S7Fskal pH, EC,
NO;, Ca, Mg, Cl 52 5F3lo] ZAgrial 319

=
[e)

4. sHIEEC| EUIdy} EUA 4=
EAUG AN

it QA EGoA] HH|REe] BRI &
AP E o thy 294 A4S Aulsie] AP A5
AFSt A3} (Table 6), 2%, A%, 94 FH1Eks +
FaEks + A3 A, ook g eoA] TR
freldog F/EA A3E s dERE Tt 597
%l ZpolE HolA] 3ttt GF 9 A= BE A 1kl &
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Table 6. Growth characteristics of 2-year-old ginseng in the soil fumigated by putting green manure into soil and solarization for summer

season in greenhouse.

Plant Stem Leaf Leaf Stem Survival rate of
Treatment height height length width diameter aerial part (%)
(cm) (cm) (cm) (cm) (mm)
Control + S” 19.8b 8.3c 6.8b 3.2a 1.94a 52.7d
CC?+5S 19.2b 8.7bc 6.8b 3.2a 1.92a 72.1c
SGY + S 22.9a 9.5ab 7.9a 3.6a 1.92a 89.0a
SG+CC+S 23.3a 10.4a 7.9a 3.5a 1.96a 82.6a
SG + urea + S 23.8a 10.1a 8.3a 3.7a 2.08a 66.3C

*Mean with same letters are not significantly different in DMRT (p < 0.05). ''S; Solarization, ?CC; Calcium Cyanamide, ¥SG; Sudan Crass. Investigated

date; July 3, 2014.
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Table 7. Yield and root disease ratio of 2-year-old ginseng in the soil fumigated by putting green manure into soil and solarization for

summer season in greenhouse.

. . Survived Rate of Incidence of
Root weight Root yield . . .

Treatment | ) root ratio disease-free root root disease
(g/plant (g/3.3 m) %) %) 0-4)
Control + S" 1.20d 12.5e 8.9d 1.9d 3.81a
CcC? + S 1.45c 125.4d 72.2b 25.6¢ 1.93b
SGY + S 2.96a 284.4a 80.8a 47.5a 1.30c
SG+ CC+S 2.71b 256.8b 78.6ab 49.4a 1.19¢c
SG + urea + S 2.76b 209.4c 57.5¢ 41.9b 1.86b

*Mean with same letters are not significantly different in DMRT (p < 0.05). V'S; Solarization, ?CC; Calcium Cyanamide, ¥SG; Sudan Grass. Rate
of disease-free root; number of disease-free root/total planted number x 100. Incidence of root disease : (X0 x 0) + (X1 x 1) + (X2 x 2) +
(X3 x 3) + (X4 x 4)/ (X0 + X1 + X2 + X3 + X4), X0; on lesion, X1; rotted area below 10%, X2; rotted area below 50%, X3; rotted area below

70%, 4; completely rotted root.
o]AQl AJolE HolA] Utk AV BEESS ks &
Exg)e} ekl + A3 -4 HEoA] 7 ol o] ©
Feet AdH ez fFAENeY, Hlda dEAey e
2R + 84 Aele FAEET A AESC] v ST
et I B FElskA] ot o] HlaE] dF IAR ]

BE AR AR, S 22 A Halu e
A 22 AT Wal ol <lo] YA ke &
3L (Jung et al., 2014), =2 AFs=ol <& AFIs7E A
71 =) ogh w2 alslrt @AEk Qlo] miEaL A
g7 9 IAMEZ|E St (Lee ef al., 2015). - A3
A etaEks Aol AP AESC] 7P =3 ol
= EYATas Zateda ghgol 7P WSk (Table 5)
A5 BAEE WA A7) Wie o2 AZHETH (Table 7).
AAZ Hyun 5 (2009)2] HIUME EYAFsE /e
A st FAVE Zon, ARt AT B
735 Al (%) Dol Skt o] z7]e] Xtk
al sk

4t AR EGolA Fh12kE B Bk =AE
£ 3 the 294 QRS Aplele] AshE A B e
E AR 23} (Table 7), T2 7l &
2hs dEA vt 7P Fokon, O v skl +4
Sl da e ekl + 84 Ay wolinh e aeks o
Aol FEETol 7P FANE A2 A s
At AEEo] 7P w7 o R HRlth Aeh AES
I A PSS Faaeks dEAel FHaEks + 4
34 APlellM 7P Eob Bl a3t o]t 431d
& @AY FEaRks + 28 AP A AEE A
SHT FHTEE ST 2 ASAT ekl e
FHaEks + A3 Al vls| 237t tha Hojxlth

M W HAPEE vHIS o Fozks +4
AL +EHSE A 7P a3 eldeT], ek
A3HAE Hrkebd RSy Aol o JAFAT AR
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o
o
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Trol FAeAA g So] STl Q] Ao HElE
FEZ (Table 5) A 84 FA FA dF7e= WA
0.5-1.0dS/mE ZIsh= Aol Mgda &3 JHE

21538] aesof & Aoz A7

TR + EYE AsAEE I A AEES 80.8%
2 g EQoU At FHFELS 47.5%= Wket), ole
A EWHo| BRI HS Fushs 22 A7) (3174 2mn U]
o)e] ZA wkdo] A7l AA7E W71 wiEel™ (Lee et al.,
2014), 14e] AAo] F71ers 2k wWite] dupt FA] 71
A=A i e Fo2 AEZQ] Hze] JQF 7o H
Uk mh, 22X APAfule] 2dA AR AEELE HE
90% =218 (Lee ef al, 2015), ¥ A3or x|} P4
I FHFgo] BPRT} UgE U1S B EYAEA] X5}
20 cm oslolAl= A2o] 40T o) epriA] o} EFHHA
Hego] AFEER] UL HIE X]2o] 40T o) dssiar
= 40T o] de] AoMm W] FUEA= YN Ao}
FS 5 7] wEo2 AZEAT (Freeman and Katan, 1988).
et 40C 9] 2ol HYgo] 3] APdE R o
S & 7] Wil Wdwe] st AES flEiMe 7-8€9
HYE 5T 997 ESAIE o83t 23 EYAES Y
(Eshel et al., 2000), A EZS AHO R Tol&d thadl o&
o 22} A%S sk WS Efsior & Ao=E AzbE

B ArdgE a9k, it AR A et aE A
Hjsle] AEAE B &3l i FRHES 153 vy
k-5 FHsl] 79 SR 8Y Sk BlYE A
25 3P 20| 40T o) 53t QMR Ao

A A=A
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