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Secondary Products in Cell Suspension
Culture of Salix koreensis'*

Young Goo Park?, Dong Ill Shin®, and Sang Goo Lee’

BE ¥

MEuRel Qo Re FEY calluse] MBHHEES MS EAHMo) 2,4-D 1.0mg/19} zeatin . 1mg/
18- iRimEt sl A el Zh ol HEUSHAA 248 MRS EHD % oMl EERe
2, o a8z 3 T BFEE @A HElsle] sEddhol) AEEN HPHC EREE AR #Es
o},

ZEMM) A= pyrogallol, sinapic acid, cinnamic acid, tannic+gallic acid 22]3 p-chloroben-
zoic acid F3} 22 o# #BHS phenol {h&#gol Hilislo] ol Eo| BT BYF WHIEHE 3te 2oz
B s o

or

'

ABSTRACT

Cell suspension cultures for Salix koreemsis was well established at the supplements of 2,4-D with
cytokinin particulary the combination of 1.0 mg/l 2,4-D with 0.1 mg/l of zeatin, These combined rates
of phytohormones are also effective to callus induction from S. koreensis leaf and its multiplication.
Cultured media exhibited the great inhibitory effect on the germination of rice, barnyard grass and lettuce
seeds, indicating the presence of biologically active substances in media. Several phenolic compounds such
as pyrogallol, sinapic acid, cinnamic acid, tannic + gallic and p-chlorobenzoic acid were detected in the
cell suspension culture. The inhibitory effect exhibited by cultured media may be partly attributed to

these phenolic compounds,

Key words  Salix koreensis ; cell suspension cultures ; secondary products | phenolic compounds

Abbreviations : BAP(6-benzylaminopurine),  BA(6-benzyladenine), 2iP  (2-isopentenyladenine), NAA
{1-naphthaleneacetic acid), IAA (indole-3-acetic acid), IBA (indole 3-butyric acid), 2,4-D
(2, 4-dichlorophenoxyacetic acid), PCV(packed cell volume), MS(Murashige and Skoog
medium, 1962)
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s =

HER boll FfEshs 3ERES ol £E&KT
T U AHEWHELT 2ERHE olzw, #fF I,
5008 #Eel MW E M SBEsl glov
o] % 3008k AEIEMNS 1Y WHEE FEIL
it} (Allanzt Fowler, 1985). eiv} HEmiss
@l EEE T S REREETAA RS
Mgl Sl EAHEY 1 Rl ¥
2 g Aol kKfgrelrt. olH @ HMEEY HEM
+ phenolic compounds, coumarins, alkaloids,
terpenoids %o 2 flifEthel BFY H£RA WK,
HEK, W ERFADHE A Fo AHd 9
88 n|x= Aoz ez 9ci(Rice, 1984).

—Hage s BEF o AR BRI} E Aol

o#lA HEL phenol  {b&¥sldl  Butash
Lushy (1986) = Lespedeza FFoll A flity fMF#
¥ 8 4£EL #HstE WHEY  catechin

epicatechinge A # o=, Mattews} Jenney
(1984) &= Eucalyptus pulverulenta®l MeOH
# 7H&d n-hexan kiReld o#E AL
grandiole] 10 ppmigfgel A = #e] 7o BFE
SEJ78HA Mok @ stgct. = Shettel s}
Balke (1983) . #HA $37 ###E <] phenole] 3
o el e RES MR s
Selueboll 5 #:(1985) = B 165M #ifES o
RoB KEM WHS thilisld HRT BFE
BS & &R 4auE, s, AdE, HEu,
HEGF 5 T ol B i HRE ek
oo #gEsgon, Kilzh Yim(1983) 5 4 upol
4 benzoic acidg ¥ & 1152 phenol#pg o] %
FME RS vhebdcban &Sk
EREEWE TS olFFo| 2RMAHMEWEA £
EEHed EX Fol9} ol T ZkfMAol W
s kAR QE Patebdel WES 44
HORER, RGERME, BrelrEl WEeR, WH
o) EE ey R Fol MM M, M

kol e PRI ol Feixm 34
(Luckner, 1980 ; Luckner %, 1980 Barzg}
Késter, 1981 ; Wiermann, 1981; Conn,
1984) .

MBS B FRYHAZEA WY #Es
HHEDAA olFolAL Qo 2% HEWHS
KEEEEMEA Eol7t A= dd. Furuyash
Ishii (1973) %= A # o} 4] ginsenoside &, Brain
(1974) & Mucuna pruriensoll 4 L-Dopagd 12
3. Tabata % (1976) & = =] ( Lithosperum eryth-
vorhizon) o) 4 naphthoquinone$ #iEiz% S %
AN - kg £EY 4 e HEE HEs)
g}, #utolr] 2l Yamaguchi % (1986 a, b, c) &
Eucalyptus spp. 2| callusst Ml BBEEEL &
# phenolic compound& 473l o2 7kzx] BRE
o o maoaRe] bl EWMEST HEREE ¢
ul gl oh, o] 9ol = Alan % (1986) -2 Cinchona
ledgerianae] callus »j kol A alkaloid Aol HE
4 ERFAEWE) rlA = 2R Y HEE 3
<v] Anderson % (1987)-% 715 u-59o MEMAE
Fo A EAREM wel alkaloid H@E7E o
ZA Jebdg @ 9 gl

¥ = M (Salix spp.) & #HI salicing &
FHaln A& Wabepet oJ#|rta] phenolpE-+
gol shAlm  gelM  MghEwel dF%E Fe
allelophatic #E & # &3 Ao odeix g
(Steelez} Bolan, 1972).

Salix koreensis'= $-zlviel "doll B 57 E
of glew £7i7F Be Jiigelt AFF £R
o] wig wiZ dpiBtelch. =3 MEly HgEE
ol 4% FFor Fote Bt FHEE A2
2 4 27 o Fol (Bergman %, 1985) 2:K
R#WE SmEol w3 HEWRE Mz BEshd
o}

A Bzl e obto] BiRMEEES &8
2K RBEHS AE TS REEIT 9 sk
Wi TR «tel £ sl+= phenolipE & &
B, FES sk & WEY #Re MR 2k
KBEY £E il B3I EE BEE RHY
4 e et HfEE ot

M R FE
1. /A 7| WA

BALAS ol St # 2064 w =g
Kgoh ol ot B E71F WIS HAC
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A k#t fEAE stel Aol Abak obE #) bemA
2 tErsted 70% Et-OHeol 307, 1%
NaOClz 1050, 1% H.0.& 104/ HKE&KH
#% A& HEAEZ A A B#ds 5H
Kestgder.  WES F7hRl R
cytokinin(BAP, kinetin &4 0.00, 0.05, 0.10,
0.50, 1.00, 2.00 mg/heo] Eme MS i
{sucrose 30g/l, agar 7.5g/1, pH 5.8)<l EK3l
of spEslaich EE BT 5£2CE w4 H
ol.omd 2,000~2,500 Luxe] & TolA 164 2k

HEE T

7=

1. Callus §E#

Bl BiEY Z71o0A lom 2ol =24d o
< yiErstel ¥ 9cm petri-dishol) E3 §to =
o kol oeiMe FRE el 2,4-D0.0, 0.
1, 0.5, 1.0, 2.0, 3.0 mg/l)e} 47}7] cytokinin
(BAP, zeatin, 2ip, kinetin %% 0.0, 0.1, 0.
5 1.0, 2.0 mg/h)& #&ad MS HEAsEH &
walo] calius #E REEF HEINA. BED
25+2°C BHKET AN BHstgl e BB JEK
'S

3. Callus M

Fa calluse A%A ERRES Dobur
9a) callis® A% 96~110mge 2 3t callusi®
w f2Es Ay ARAGWES PLoE 2,
4-D(0.1, 0.5, 1.0 mg/)e} 4FF2] cytokinin
(&% 0.1, 0.5, 1.0 mg/)g Med el A
o wfokste] 4FFol ARES @iENAG. Ak
go fisEe #E callustAlol4 A& callus F
A4 Wl F OB callus FAlo] B HER
vhebd o}

4. BRWinEE

WSl callusg R#E 9em petri-dishell 7o
slag A BEohe £E AEpEel wmm= =
9k2 MS o#al vz 50mizt w2l 300ml 47t
flagsko| 2o} gyratory shaker(60 strok/min.)
off odzaizl wiokelgch. HEEH M-S 200um
mesh#] & A2 o} & HEN MRS ZLHE
of dol 110xge 2 54M &EiL¥ F 2,4-D(1.0

mg/1) 9} 4f&% 2} cytokinin(&%& 0.1mg/)E &
mg MS Al 40miE -2 200m] 47+ flask
o gmlel HifRE Hmste] 24BH 4% 60HH
3t gyratory shakero 4] 23 & o3 Mk 18
5 EMS #ESIA .

FERMEE-S 25+2°C, 100~200 Lux BOETolA
60rpmeo 2 [EERE#sI o 2B M EH
FEL & EEENE {0mle) BEEEES dA
A gl Febg vlE 10mlE HEEH 15mlE
Lo 93 110Xge s .8 T packed cell
volumeg #MEIAUH. REME HFRstd £k
2T FHEs.

5. ERAREELEe APEF BF % £A
HHHR WE
240 MESED ko) Y Mol MER
& AR AES SR BEES ER 50mm
1B/ petri-dishol} o3zl & 7+ & #EFE H2
BERBE Ao, o (Omza  sative),
(Echinochioa crusgalli), X (Lactuca sativa),
vl & (Brassica campestris) HTE 304 2L ik
HEMS smid Aol 159 Hol BHE M
el B AERNKES BgEsdd.
BE FHaet MS Aol £RAGHE E
MA R ES Sl %S RS2 HA
dtgon BWHEERS 3N FEHse THd AL
TR Fonsld .

6. R 9l R ZWMEERSE phenol
HREe it X
Phenolic compound2] #i#< Krygier % (1932)
o] HikEs wEAA Adsidch. A HRlA
e FF &K 550mgE  50mi Me-OH
(70%) - aceton(70%) 5 1:1% RA&I BT
24B¥R Fot siislel o33 § water phasest
residue phase® 5% HE THAzS. o &
Ho hexane-d o lipid sr& BrEd o9& +
gole pH2Z =A% 5 DE/EA (diethylether/
ethylacetate 1: 1) 2 3 HfiHslz BEEAD
B TMS(Trimethysilyl acetamide 25%
417 C.C. (Pye
Unicam Series 304 Gas Chromatograph, PM

solution in  acetonitrile){t
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8251 single pen secorder, Philips) 9] 4 R
2 gAstd .

Krygier % ¥ %o 43 phenolic compounds 2]
SEHEL 28 1o e} Hen free, soluble,
fractione.2  Y¥ol % SEe
phenolic compound& Ar#r3ldet. G .C.34r %
& E&-13 2t

insoluble

® =R

1. R E7] MA ¥ callusBie

BAP2} kineting &% 0.00, 0.05, 0.10, 0.
50, 1.00, 2.00 mg/M¥ #whng MS Efgskitio] 1
WA sz#e Axels 7 wBe F7 v
A-e MS+kinetin 0.5mg/1% 7 HwEH
5~871 et BAP7} @nd #EuelAx 217t
e skl o) kinetin M 2ok (KA L.
®|iEE 2] MS-+kinetin 0.1mg/IHE &4
oo #Ho| Fokov BHRKEE RiFst

Wk BEEWES oelvA BE= HAeT 5%
ol kS FHRE] 4kel callus B KE
2 FEY HRE & 2o 2o

Sample

3

Table 1. The operating conditions of G.C. for
phenolic acids analysis in Salix koreen-
sis

Items Conditions
5% SE30 100-120 mesh 4mm
1.D. x 1.5, glass

130°C (2min)---5°C /min---250°C
F.1.D.

Nitrogen, 30ml/min

Column

Temp. program

Detector

Carrier gas

Injection port .
270°C

tempt .

Detector temp. 280°C

2,4-D2} cytokinino] Fm=E=] %2 sEtholl 4
& callusy} A9 FesA BAA Fud Ax
kel HFo| FA%UTH. 2,4-Do} cytokining
Bol ¥54% callusghid e £Ro| wlos}
Ak 2,4-D 1.0mg/12} zeatin 0.1mg/l &l
A callus Fiool Hfol b4 T 2,4-D &
Fol 4% AR/ 4F callusyt B
o cytokining el ¥&4§ ==3d M@mE et
Wt

FAA7 AE calluse FEHE Kboldonv
w3l calluse A BBo2 FEHAL

r
Water phase

Concentration (45C)
Extract with hexane,

i I
Hexane phase Water phase

Filter

—
DE/EA phase Water phase
ARl dednd

Alkaline hydrolysis
Acidification pH 7-7.5

Concentration

Hexane phase  Water phase

Filter

DE/EA phase

FREE || SOLUBLE
phenol j phenol

Water phase

3times

Acidification pH 2

Extract with DE/EA, 6times

Extract with hexane, 3times

Acidification pH 2

Extract with DE/EA, 3times

" Extract with MeOH/Aceton(1: 1, 70%)
Filter
Residue
Alkaline hydrolysis
Acidification pH 7-7.5

Concentration
Extract with hexane, 3times

1
Water phase Hexane phase

Acidification pH 2
Filter
Extract with DE/EA, 3times

Water phase DE/EA phase

INSOLUBLE-bound phenol

Fig. 1. Separation and fraction scheme for extracting phenolic acids from Salix koreensis
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Table 1, Effect of 2,4-D and various cytokining on callus induction from the leaf of Salix koreensis

cultured in vitro for 4 weeks

Growth regulators

Callus induction

(mg/D)
2,4-D Cytokinin BAP Zeatin Kinetin 2ipP -
0.0 - - -~ -
0.1 + + - -
0.0 0.5 + + + -
1.0 - - - —
2.0 - - - =
0.0 + + +
0.1 + + (D)t +++ (f) + 4+ ()
0.1 0.5 + + + -+ (f) + -+ (f) ~++{c)*
1.0 + + -+ (c) ++ ++
2.0 + + -+ ++ + -+
0.0 + + 4 -+ ++
0.1 4+ () b= (D) 4+ (D )
0.5 0.5 + - +(c) + -+ +(f) +++(c) ++
1.0 ++ + -+ ++ +++(c)
2.0 + + + + ++
0.0 ++ 4+ +
0.1 ++ + (f) + 4+ (f) + 4+ (f) + +
1.0 0.5 +++(c) + 4+ = (f) ++ 4 (c) +++(¢)
1.0 + + ++(c) ++ + 4+ (c)
2.0 + + = ++ + 4+
0.0 + ++ ++ + &
0.1 ++ + 4+ +(f) ++ ++
2.0 0.5 +++(f) + 4+ (f) ++ ++
1.0 + + 4+ (c) ++ ++
2.0 + ++ ++ ++
0.0 + ++ ++ +
0.1 ++ + + + +
3.0 0.5 + ++ + +
1.0 + + + -
2.0 + + + -

* f: friable, ¢ @ compact

- . no response, + . little, ++ ! moderate, ++ 4 . good, +++ + : excellent

2. Callus 1% 3 i EHTE
callus 83 = #&RS #A&ESZ] A 90~110
mge] callus® FAsEieol BRI 47Fo| &
ERS #Ed BRe 28 29 Ao
1 £ KEE deld M6 2,4-D 10
mg/l18} zeatin 0.1mg/loll A # 2.6i%2) WHEAS
vebdllich, Fiy 2fF Lbel & Eme el
-2 BAPS} zeatin 0.1mg/15 &Hmd M&E0)
A o}t
331 BAP9} zeatingld %ol X callus £E
o] RiFstg ovt kinetin®] 74 0.1mg/1E BoH

st callust:fo|l TR st ch. 2iplae 2
tjo 2 callusk: ol {EFA3I ST

Ll kel ®RolA Ml HBiEo] obsb: cytokinin
o BEE %€ +5 RV 29 2,4-Do] Mg
€ KMz 0.5~1.0 mg/l Ao]7t Fcie A
< 4 4 Ut

2% 3¢ HHER BEEWHE o bA g
2 A EREE el 2400 R BEM
el B BAEE el Aol

Mt R BEHE A 280 %9 lag phase, 28
HE] gHAFo7} linear phase, 6HFE] 12H A}o)
7} MRRIEREc]l 14 FEREEL expotential phase,
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T il II; 1
Wi JM//

N

Growth Rate of F. W,

; L

0.1 mg/l
Cytokmm Concentrations
Fig. 2. Effect of cytokinins and 2,4-D on callus growth of Salix koreensis cultured in
vitro for 4 weeks; BA(BAP), ZE (Zeatin), KI(Kinetin), 2i(2iP)

e—e 2 4-D 1.0mg/l +Zeatin 0.1mg/1 < Efed el A2 2,4-D 0.1+ zeatin 0.1
*—%2,4-D 1.0mg/I+BAP 0.1mg/| mg/lelieh. o] #fclMe HAEERS ML
Feo 4 10mg/lt Kinetin 0. ime/] o % 4B 49 160% LLL HEmES 2
o—62,4-D 1.0mg/l1+2iP 0.1mg/1 .

gt BAP# &L zeatinflay ol Aol wWoke
v Zzkelzk glelth. z2e{v kinetin 0.1 mg/1$}
2iP 0.1 mg/1 # A4+ zeatino]r} BAP #4&
2ok oy 1720 ARS Jeblth ol2dl #E
+ callusFit o £Rke Afe v HmE
Roli glr},

200+

1. EREREEEe EHET BF ¥ £E
ns »R SN
248 Fob BEmHiES HERES Eoste #k
o} HEEAS SHEsle] sl W W, dA,
) o, AT @ elAe A FEI HEE
4 8 12 16 20 (dZafi,S) % 33 7o},

Fig. 3. The increment of cell volumes according 2,4-D 1.0+BAP 0.1 mg/15 &3 5ol A
tf) 2'4TD and v21rif)us cytokinins combine.b = oolu Zzol) B B AR RS e
tion in suspension culture of Salix Ul skgront 24D 1.00] zeatinolo kinetin

£ 20PE &% 0.1mg/l 4 Hmd sl A=

1268 Lt e EiEo] 7o F3kxl stationary vl 32 BybE A, W, ST BHFE A

phase2 ‘helytct, sk ok, ¥l 2P EmmEdAe W, ¥ F4

#mE ERAGWEINZ T Bd ME F %, kinetin FMEAIME o o #FE Al

Packed Cell Volume (%)

L 1 i I ! 1

koreensis
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Table 3. Germination rate of testing plant species affected by cultured suspension medium

Germination rate (%)
Treatments
Control medium*** Cultured medium***
D.W.** BAP Zeatin Kinetin 2iP | BAP Zeatin Kinetin 2iP
Species 0.1 0.1 0.1 0.1} 0.1 0.1 0.1 0.1(mg/1)
Brassica campestris 94.1°*  88.0° 85.3" 78.3° 83.5%| 98.0* 92.0° 82.9° 90.0*
Lactuca sativa 61.9° 78.6®  65.4° 73.2° 81.3%( 58.9° 12.9° 3.7 4.8°
Oryza sativa 75.0° 82.3* 83.1° 78.1% 76.2*| 62.7° 28.0° 0.0° 0.0°
Echinochloa crusgalli 95.0° 58.1* 80.4° 79.1% 65.4°| 84.1* 14.1° 14.0° 0.0°
* Values followed by different letters are significantly different at P=0.05
** Distilled Water
**+ Fixed 2, 4-D concentration with 1.0mg/!
A ol sl o
. ” . o= N N BAP 2 Zeatin
Krygiersr gl ko 2 e ¥ EEL S0
2 flEsted 243 REE TMS{Lsle] #2#
B 157HA (22 4) 9} W Yol free SrElolA g S
L =22 5 soluble #Blel4E =3 6, insoluble & 2
3 < 13
SEAE 12 79 2 HRE 39 ~ =
free fractione] 73 %ot 2, 4-D2} kinetin #4 . 910 15
o4 7} ke phenolic compounds7} s
; l é l 16 A 214(min) l é I 1l6 I 2‘4(min)
Standard phenolic compounds _ Retention Time Retention Time
~ 1. catechol
2. p-chlorobenzoic acid Kinetin 2iP
3. salicylic acid
4. vanillic acid
2 5. cinnamic acid §
6. pyrogallol g%
7. p-hydroxybenzoic acid =
8. umbelliferone
1 9. protocatechuic
10. syringic acid
11. p-coumaric acid A T S L
12. tyrosine 8 .16 . 24 (min) 8 A16 -24\mm)
3 5 13. tannic + gallic acid Retention Time Retention Time
% 8 14. ferulic acid Fig. 5. G.C. chromatograms of TMS derivatives
& 15. sinapic acid of phenolic compounds extracted from
3 14 dried suspension cells of S. koreensis
(Free)
12
4il 6
7(| 10 |5 owi BAP &3 zeatin #i&/olA p-chlor-
1 . . N
i 9 obenzoic acids} kinetin #i&el4+& pyrogalle]
1e) 3 2iP# Ao A& catechole] &Rl B2 A
L h o2 ehyeh
‘ : L Soluble fractionolAj+= BAP #Hi&olA 83
i 1 L 1 -
8 16 24(min) phenolfyE ol A== zeatinfifoldi: 4

Retention Time
Fig. 4. G. C. chromatogram of TMS derivative
of standard phenolic compounds

22 kinetin #igol A& 3EME 19l 2iPHE&
AlAE 6HEMES phenolpE ol FES 2wk, BAP
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Zeatin

Response

BAP
1 6
13
g
2 |15 &
| &
6 8 15
1314 b 9
%16 24min) 8 16 24(min)
Retontion Time Retention Time

Kinetin 4 2iP

1315

Response
54/’_’_:
-
=
Response
—
L1}
—_
<

TR 16 2ammin) & 16
Retention Time Retention Time
Fig. 6. G.C. chromatograms of TMS derivatives
of phenolic compounds extracted from
dried suspension cells of S. koreensis

(Soluble)

n N

Mool A salicylic acid, zeatin fH&o] A+
pyrogallole], kinetin #&oll A+ syringic acid
7} 22|z 2iP#E&ol A& vanillic acidg o] ¥
£ Aoz vEixke.

Insoluble fractionel]l A& free,
tione] 4 viElt phenolZF Eot o BE Ff7)
72 gtd kinetingiaa 7% catechold ]
23l 8FF, zeatindiéel FHRolz salicylic
acid %+ 8% F ¢ phenol #E o] =l ct.

Ll e #%o)4 cinnamic acid, pyrogallol,
acids=

soluble frac-

tannic® gallic acid z2l1 sinapic
fraction 3| =+ £ RAGWE Kol =& 4%
o =z iz 2= Aoz Jepgen}, salicylic
acid, P-chlorobenzoic acid, procatechuic,
syringic acid, p-coumaric acid ¥ &
tyrosine, ferulic acid%-& fraction®} #%£& FH
W &mel wet R BWBEEA ZRE v

et

24 (min)

: 15
BAP F Zeatin u
goos z
g =1
& 13 ¢
5] = 3
o
3 8 13
10
6 15 8 \J LA.A\
8 16 24 (min) 8 16 24 (min)
Retention Time Retention Time
5
Kinetin 2iP
5
a &
17 {
= [~
13
8
6 -
AL 15
8 16 24(min) 8 16 24 (min)

Retention Time Retention Time

Fig.. 7. G.C. chromatograms of TMS derivatives
of phenolic compounds extracted from
dried suspension cells of S, koreensis
{Insoluble)

% =

FEtp el MR K HH 2RABEYN £&
< Bdlde HER WY Mgl callusg FHiLA
7 B Ml SEEHEEE RErdlcl Aot Bl M
TSRy SE ol kol oet WHAERE =
3 ol B3I ER7 2A vekdd (Yamagu-
chi %, 1986c). 282 MW ks o4 3t
el A R MledlA FHEAHWHE
ol AEslw 7HE wEiok g

Bgol A 8 =5 multiple shoot& FHiME
o= kinetin 0.5mg/l =F &g MSsiold F
2 S Jeldeon, callusgidvt EHENAE
2,4-Dol] BAPv} zeating #4433 sEthold £2
- vielWicl. Bergman %(1985)-& Salix spp.
o AE7] &} WEFHKA BAZL nixs o
82 zAlg 7 7 shoot multiplicationd] 4%
=& 5X1077~10"%0]ebx B3},

ZEe]H 2 multiple shootFEE Xifood B

i




206 u| S B (Salix koreensis) RIS AE HijRe] RHEYD

fFolA BAPEM #E7 =A ebwdtob(Park s}
Son, 1986, 1988). ¢l #& ER+ HifEd <
2} (i ERAGWES EXE T ER7T A7

Tog Az,

Bl = o] callusf7] W IEHES] oA Al
w o) HARe) EEE WF 2 fEASAc. Adielek

| Aol callustfol A3 KTFsAE

o o7& sEMldlA Fwse ARNHWE
of K Aoz 4zt Yamaguchi %
(1986b} & hé4hy EEFAEHE “’r—a— phenoliy’¥
HER] %718 callushReol & 43S =i
o sk ot

MEr R BT BYRE BR ERRA &
mel W ERAGWEA et BRE o K
o] girgol B M HFHH HRE ebd
IoglelAl I kR M HEel Base A
chal ##E 77 AR

Kim % (1987) & Salzx koreensis 2| FEHH HH #K ©)
b RS MRS WHde 2ad a9l
ct. Brown(1974)2 Salix pellitas) <l Hhiaol
HEzE ]l Jack pine T8 %E 82% dcot dA3
2 9%  utell  HhepA] A
pumila9} Prunus serotinae] 2 HH#E S Jack
pinef@ ¥ #%¥S 43 A dotkn HEA

W =g g e G.Col K3 WHESY
W 5 w2 W phenolpHol iz o
of 2o} phenole Kigthol o2 wlm i BiE
RS CE HiHEY O £Fd BT BEFY
EEL Mt AoE fFHoh
2(1975), Kochel Wilson(1977) 7
Patterson 2 (1981) & ferulic, cinnamic 12| 3
gallic acidz} 248 #Ho K&k 22 2o}
o] MRS i dcky #Estgew], Nicoliersh
Thompson (1982) & 2o aro-
matic acid$} flavonoid Bt} AlsA tEHe £ E
o #p% geba sk, Van Sumere % (1972) 3
Reynolds(1987) = cinnamic} gallic acidz} 4-#)
T BES aA oo shelew Kockst
Wilson(1977)-2 ferulic acid”} mung bean2]
hypocotyl4: &-& #fll otz M shadet.

A Kol A= 2,4-D(1.0mg/l) BHE 4714
cytokinin(Z 0.1mg/1) & M&IT EEEEES

Yalownl Prunus

Demos

coumarino]

fErste] BT BEFHH HRE ¥d2m phenol
WHESH AR A EWiERAGYE
ubet sr#Es WHo BH Bol £& dEA v
Elubel. ol2idt HpHY MMl &ol o2 Wi
of MFIMRE && ER/ Vet Ao #HES
4 Ao+t

Yamaguchi % (1986b) & Eucalyptus robusta 2)
callussz ol A K%Y ARFEWR &Ml BE
of uwhel callusi:f Fukobul2t phenoltyg e &
aoll #h7h 2A Jebdets sgew] Dougall
(1979) & ®HR3I LEWHE £l R4
intact plant®c} e B ofokAl = o] (clonal
variation) ob #EEfEfel W& ZRY Aoz #
s 3t rt. Wescott®t Henshaw(1976) 2 whE v}
5 g R4 tannin®FEM-2 WM SBAEM
#oeb|uh BEREol A, #7lE] BB sSEMdA
15 %A0] tamink o] Bol He Ao ®E
st ok (Yamaguchi 2, 1986¢) .

A MRl Mz uTe SRl B W
Bt &R SEEEfddet £EWE Bl B
of R USE WEWoy olF WHE T o
X gl BMTRY 4 ARGl MAad=xE
doz vl me BV s WA Hes
Bt
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