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TRINGHADEZREMT &, EHH, ¥4,
RO G AT auxin # cytokinin ¢ F o4 RFSHHE
BHRMUACERREEELE ECERTS L, V20K
BEICHNVZANDDHEESARDONDZ LT L
WO RN, T, F2HO Wi, Fh
O 1 REMEO TR 258584, Kt ind
% auxin (2, 4-D Ff21k NAA) 3 L cytokinin (6-
benzyladenine) DPREA L2 5T LTI D, HAVAMD
EiMErRoORORFESLEIREBLZ Lr BN, &
DX B IR IVADHL, VAL LOBEDOEN b
FAETHE, BRELHERIERPMORICIET
TEATSD, EEZLOHBMH TRF R/ HAOM
BERCRSWTRIRDOZ BT A M REILR
Wiz B2,

VWoiE ), BEOESLIETOWTE, —HRICER
WP OEY R BREE TS 2 LR X VBB
(LR REEND 2 LAhD L VbR T3,

APETIE, HAVAEEBIOEES s IETE
MOEBELRHETAEIRE LT RUEb b A—5
B ETERLUCBAFOBRBHNAEOER > TR
N5,
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HH&RURE

1 EEAER oY

FANRTHZ (G2 Y -9 b 500) DT R
0% % 7 — Vi 5 HEBE LcDb, REZRET b
) AR (HRKEERER S b ) v L2 ERD 0EHC
Tween 20 ZHIEHEM) CHERE COHMBR 2E) %
sy WEK TR, 100mé B=F7 5 AIRD
FREHEEL (B 20 g/0, HAREXR 68/¢ AT &
CERE L, 25°C WP CRERCRE Se i, BEG2A
Mg, $B1KREN W Sem THELLLE, HEH»D
#lem Y% & bR L1,

2. EHMHBRUEE

MURASHIGE and SKOOG (MS) £2#bD) & HAEIH &
L, Z RN 20 /4, £ RREFWE (RMBERRC L -
TR 5) wHm$k, 1N-HCl X0 1N-NaOH 1 X
h pH 55 L, RHCHERER 6g/f &inz,
MBS 100mé A= 75231 30mé $ 04
Lico ZRETIVE 7 4 4 VTE-LOD, 1kg/em?,
120°C ¢ 156 3 RImERE 21778 - 12,

A EFHSWE E LT auxin (NAA) IO cytoki-
nin (6-benzyladenine-LIF BA LBE#R) &L, NAA
DL 0, 0.001, 0.01, 0.1, 1.0 3 X 08 10.0 mg/é @ 6 B}
B, BA 0120, 0.1, 1.0 % X8 100 mg/d o 4 Bpe
EL, chbaAafieic 24 Kagditi,
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7ok, BShofEEw i o CIXFRIEKEZAG, &
WRIEMB&Z I,

BERESH B L BB Yc 0 3ET, LK 104830
Bk & L, 25°C BT (REBRIET v 74,000 lux (FHE
NEER, B 16 R TH LR G2
bl hRI—BHREL TR L,

3. = &5

B K% 52 WM O BB, 9 BMELTe- e,
FEBEBHIOED LB H TH b,

(1) HRFE @A) R REES BT 5
v AFEENTD D BB RO EE.

(2 HVADKREEZ: W{ETER LI, Ticbb, 1
(FXHKK), 2 (F4ZRK), 3 (VowxRK) &L,
DFREDMAETCA, 5, 6 B8N L ED, FhF
NOBBORMEZAEEABA B CRUCBEELZ S > TY
BEOREE Lic,

() oMb @K R BEABAIBCHTIED
SE D LB RO,

4 BEob A 2 BEEERAF T 5RO
HLHERD HRIGRBR RO EE,

BRELUEE

1. HILRFERHE

ANVZADHEBITRE L DTS I~28H TR U %
D, HFEREH T 12~168M% E CCHRENMT LA L
BRECETHLORS o7k BA BEEOBE R
10 HEH®E THALRIT A R A bh i, 2¥ic BA
DBENCHITS,

(1) BA m%Emogs Fig. 1) #uvAoBRak
BERL, NAA 001, 013 X0 1.0 mg/d oK T3S
# 3, 10.0mg/é DX TCIL6EETHNVADRD B
ntz, LU NAA 0001 mg/é DR Ciiinic hiER,
24 BB EEHE L U Th T hoBERCR S hicds,
NAA mHFEMOR CIRREEE TH VR T2 BRIk
Motie MV AEEIL NAA 001 35 L0001 mg/d T
R 12 ERICRE L D (93 35 X OV 100%), D%
L Lieh o2, NAA 1mg/d DR i 2458% T
BN Ui, ULhL, BERE 410 BEL EZET%
L, EORL B Lish ot

(2) BA 0lmg/l Hmo B4 (Fig. 2): NAA #
001 mg/é X bEnyps oK Cid #33% 3580, 0.001 mg/4
BICERMOK T2 6 BRITHVREEK LTz, oD
W T 5 IV AR IE BA SREMOE4 © <
5 ERXBNREL, NAA 0.1 mg/d TIRBE 3 BB

113G 100% i L, NAA 10mg/d OB h X
D RN T 6 BRKIC 100% Wi Uiz, L L NAA
10.0 mg/¢ O ks i3 2038 & THV A TIREH HY
K UfeT, 0.0l mg/d X pIREEDX L 24~40 HRHE %
ThHTMCHEK Lico BRI VATBREL LS L,
NAA 100 mg/¢ ORRHEH BA SFEMOBERTHL~T
EULLEE 7O EIOH, NAA EHENE X OB
[ (0.001 mg/é) TOWEENMEL Tz, NAA OPEEEE
T XD HNVAHHBOENILR Y KE L,

(3) BA 10mg/¢ HmoH4 (Fig. 3): NAA 100
mg/l T RTDORECE T 3BETH LR
L (10.0 mg/é o2 6 ), NAA 0.1 3% L0 1.0mg/é
TIER 3 8%, 7001l mg/l T3 6 BEHBTH
W 2T AL 100% ik Uic, B3 24 58T NAA o
WIThOBERR T IVAHRENT0% M L & i
h, NAA DEEE Y57V ATBREDECITE L/
Ehotz, Tihbh, BA 1O mgl HEinlLicHa
NAA OBRERBEIL ol Ex bhb,

(4) BA 100 mg/¢ iiinoE4 (Fig. 4): BA 1.0 mg/4
WHAZ &, EBRE 3~6 8 Blicksit 5 5 v ABK Rix
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Fig. 1. Changes of callus formation
(BA: 0mg/6)
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Fig. 2. Changes of callus formation
(BA: 0.1 mg/¢)
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Fig. 3. Changes of callus formation
(BA: 1.0 mg/0)
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Fig. 4. Changes of callus formation
(BA: 10.0 mg/é)

NAA 01 X0 10mg/l 7ok DFREXEZHR K
TIME S, HCERMNR X OREERE (10.0 mg/f) TiXA)
BIDO A NV AHEEBEIMEV, UL, ZhHDOKILER
40~52 58 IO & ek oo TH K LET, NAA 100
mg/¢ T3 40 I 100% 2 L,

2. ALADEER

7V A O BT 3~16 BREOMHIZE LS, 20
BEL DENE oty g ) REERAHET K
b bhi, OXi BA OBEEIMCHET S,

(1) BA #EFHMOHE (Fig. 5): AVADERD R,
ot NAA 0.lmg/f & 1.0mg/d D2RTH - I
S B UL 3~ 12 RO LR HBE T, Thll#
EENBEZ DS, BEOERIRPD 5 LT
FEEG 6 BHEA DERE ) 24 BHEE TH W,
Fle, TORTIE, Vo AR LV AD A RS 40
BRI BT OZD bhichy, Thizs DROHDLL
OND H NV ANZEKICER LIZ LD dTH D, fil
DR TEANZADEEICERITA DR, £REECDH
FRfRkE im0 fedd, NAA 001 mg/e DR
TiL 52 BB F TREB R ERI B -,

Fig. 5. Changes of callus growth
(BA: Omg/0)
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Fig. 6. Changes of callus growth
(BA: 0.1 mg/d)

(2) BA 01mg/¢ Hmmos (Fig 6): 53 3~16
BRECRT 5 2REE T NAA OWTFho BEC k-
T3 BA EHEMOHE L hkEL, 20 BMEA#IL Y
DR HEENHFE L T2, L L NAA 001 % X 080.1 mg/éd
DK TiE 52 WHEIH E TRB LA SERN VT, Bk
7V ADKE SA LD E, NAA 0135 118 1.0mg/d
TUEA T b K& VDS, NAA &S L O 0001 mg/l ¢
D TNHEL, NAA DREXIC LD HIVAERED
AR RE W,

(3) BA 1O0mg/¢ HinnfHE (Fig. 7): HH4EED
Bific NAA 10 mg/l DR TiaiERE 1 HEE»H 128
Mth % CHD TEELERYEHET, TogIalctk
MEZI, TOMORIT 12;BMEREE L 4E 2 5 X,
NAA 0.001~0.1 mg/6 T3 52 @& F CHEREERL
fedvotz, BA SEFIME X O°0.1mg/d OB L EEL
TR A I NAA EHENE X 010001 mg/l DK D x
WADAEENRE L BIF& D, RPMERYFEI 2
LT, H VAR L AR NAA OREBXC LU
24 EBOE VL BA 1L0mg/l inLIcBACR /D
oz,

(4) BA 100mg/¢ Fmo#gE (Fig. 8): NAA 1.0
mg/é DX BA 01 5108 1.0mg/l OBE LR
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Fig. 7. Changes of callus growth
(BA : 1.0 mg/é)
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F;ig. 8. Changes of callus growth
(BA : 10.0 mg/¢)

DBV ZADERVEDTRFTH N ITKEL o
fot, 24 BREEREARYEE L, UL, ZoOft
DR TEFHD LRI HRE ©, BMchicvE
BMENCERPRCICRIEREN TH - 7, LT BA
10mg/l DL L ke NAA OBEXC I VAL
BEDEVDKE L Ied oz,

BED X5~ BA A EREOEECENET
bl THNVZDEENG L HEA R bhvichy, BA ©
BEABCTH NAA BNEEBETH-HBEE, WV
DERVPRIPDEBRTH D, bHAAEZITETS &
12~20 BRI CEEMEILT 5, 2 hid b T 5
BV ADERCHEI B E ¥ ik EREE Y
BINDIDTRIZEDEELLRDMR, ZOHEA
i A EPHIRER Lo TH AT DOWLTIRL AL
HIHEEEETHREMEBE L TR5mEDHETHES
PEEINDTHAH,

RN ADEETRERDI Ko o, TNTOMEERN
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Fig. 9. Examples of unexpected
growth of callus

52 % £ CHRACAREET B L0, RENZAHE
CRARELUNERETRTHNVARE B -7, Fig 911
EOCOPDBERLIEED TH B, A OFMGLE
BRI~ BEMECA N B IBEDOKREIR E TR

Liehd, Z0#% 168 TIRAEENELE L, 20~4058
DO BOESEMEELY T > TKER A VAL TR
LIcfitdh b, B Tlhv a0 BEAND 20 B
FH LBELZEB LTI LD THVRANHE S, 2
CAERE L B—REERELE L, 24 BMAEH0ER L
BTHD, CikiEBEGH CBHE chrBEEOAZ X
DIV AR Ltz 2N F D% 24 JBEHE E EENEL
L, 24~40 BEDOPMCHEOEELFB L T2 8%
TERFHET 6 TH b, D 3BKE 24 B oE M,
BRLALEZZTORECREBL, 24 BRLKIITHTHIV
ADBRL R, T DT 52 HEEIHR E TF LVAERIRW
THichDRESITEFTHBELIATHS, YEDX)S
CEPEEBBIIUDTHNVZADEENTIUE B, —
BHERREL LT VAR SR B Y BT S
vt BA EEE (10.0mg/d) ORwS A, flC DX
51 BA 01mg/l DRiedh Fhiekbhie, ik, &
NODEEP e A BRCEET LM OWTURAT
DEZHB BT, '

3. 041k

HNVAPDBLDEDDBIIHVZADOHER L h nis b &
A, B d 0T 6 EBBIC X 5B bt ¥ KM
DEHLKEL, I6GBEBTII LD THELER b H 5,
DEIW BA OBREINCHBTS,

(1) BA #&¥iinds X 08 0.1 mg/é wiimo#$4 (Fig. 10):
BA fEmmciz NAA 01 X080 L.0mg/d oRicEdr
A UTC H IV ZBEH B o T DRI D TEA - oo
BA 01 mg/6 FmLicH4 b NAA 0.1 X108 1.0 mg/l
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D 2 EZDBENSL LIeH, b GEH) RTERM
DBS Lo hE L, NAA 10mg/4 T 1258H%
CAT% HE LTS, %7z, BA 0.1mg/¢, NAAO1
mg/é Tk 20~24 PRI ZED LA L TW5 55
CTRORK D 24 BRA%RIIIE LA LEOSITE LR
LT\ 5,

(2) BA 1.0mg/¢ wmosgs (Fig. 11): BA MM
F LU0l mg/l FMOBE L IBTHENLVE L
ERLBRA, Tiobt, BA LOmg/l DBEIERSH
feri8s NAA DEEEMAIULL Y, 0, 0001, 001,
01 B X0 1.0mg/l DEARTENME LI, &K E
3 970w L 12 BB B 40 BHE%  ToRMRCHI
S THRARMEEIEAL T %, LT, NAA
1.0 mg/¢ @ 12585 313 5 463z BA 0.1lmg/é ©
Fi2 BA 1.0mg/é oKX X @2y, 40 8B sT3
HE T BA 1.0mg/f ohpinnls hgE &t 5, BA
1.0 mg/4, NAA 0.1 mg/¢ DR TIIHEDHERDHER
NEBRELVED, BRI ORIESWTEDS
CRBEEH L -1,

{3) BA 100mg/¢ Hmogs (Fig. 12): Zo4k
PELD b NAA OBEHEE BA 1.0 mg/l B4
ERTT, REMRSERCHREREL DT,
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Fig. 10. Changes of shoot formation
(BA: 0 or 0.1 mg/¢)
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Fig. 12. Changes of shoot formation

(BA: 10.0 mg/é)

72, BA 10mg/¢ LITDBEIIEEE 40 BERERO X
OHERE L B bR ho D 5 L, BA 100mg/é
B4 NAA 0001, 0.01 % X 18 0.1 mg/é O R
ER B DX C B3t 40~562 BT 31T % LR OMK
BB OO NEERI ThHh - o, He BA 10.0mg/l,
NAA 0.1 mg/4 DX Tixss#EHE 9~52 @0 & #HH
bl D IBIEERICS LR P K LT BDT AR IR
Vv, BA BREEOR TRMAMEAB L L LEES
NrEodil, gcERZEW v afoRBE L
THEBEAOERER) Th - 7o, B HEA%KCIEE
HECEA LD E TR TED, ZOBICREN
MO E#OBRC R TBEN R 2 ET LEOLER
ErMETHIRE o —RATRARVNEEL DI D,

LLEo k51w BA 2ME®EE (01 mg/d LIF) OBET
1 12~24 B CE Ok ¥ B ok, BA 1L0mg/l
wich L 0BHEETEOSILNRT b, SHRIO0
mg/f DEREC D & 40~52 B8R%E T ok 6 <
(R Lz 0Ba NAA KB DOKIZRD) D
T, EOHEROIAMIFAERPC L v RKEL RS,
HERORBRCE W ThH S —ERRO 2 DOHE THE
BT 5 X5 eBeT, B2 THRSHE
BT ALENRDB EBbLRD,

4. RO F1E

BV A BOROFLRFEDHL L hRRRL, BA
1.0 mg/¢, NAA 1.0 mg/l DEXER 3T O X THE
# 6 R RD bivic, T DHROSLEOH L BA
gyin, NAA 0.1mg/¢ 35 X 0° BA 0.1 mg/4, NAA 1.0
mgfe, © 2K THL L, BEE 12~24 35 ¢ 95~100%
E L, FOMORERTHBOS(ERILEEE 248
B B LA LREBHECEL TR D, ZOHDHE
1z BA 0.1 mg/l, NAA 0.1 mg/f ORX ThTmiciid s
N@BpE L A ERD bhvleh -1 (Fig. 13),
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Fig. 13. Changes of root formation

UEDERM G, MEOMEX B E LTEETSDH
&, BEERTROLTCRPBERETS - L 3Z2oHkic
LTI BA HBEOEMT IS D BEO TN
B BN BOSEC s LT 16~24 BRI e L
IWBAET, FRUBESTROERBRTA
LREBTHLLELBRS,

DX BA OBERCAS L, ROt BA B
moEs, NAA 001, 01 X0 10mg/l © 3KT
BA 0.1mg/f D41 NAA 015 X0 1.0mg/é © 2
K¢, BA 1.0mg/¢ Tit NAA 1.0mg/é ® 1K TDH
b, DX S TRNMELE S NAA OBEHA
A IVADHERED OB HNTRL, BA ©
BENPRED ELTOEMPBELL b,

i B

TAINGHAREE L REOEHREIE» OW 0 & -7y
lem DR IOEYR % EREFREEIE LT 1L
EL, WIVABRE IUBREHMEOBRHZELICDOWT
BELY T olc, B MURASHIGE and SKOOG @
FABEHIZ 6-benzyladenine (BA) DEEE 4 BypE (0, 0.1,
1.0 % X010 100 mg/f) + NAA DREEE 6 Byl (0, 0.001,
0.01, 0.1, 1.0 3 X 00 10.0 mg/8) DFh Fn @RS e
TEMULAC 24 KART, BR%IZ 25°C, 1 0 16 KR
BROTTHE L, AERRORBERSED LB 0 T
H5b,

L. vz OHE: BA 01~100mg/l & X F NAA
01 ¥/ 1.0mg/d H&siE T, HRE 1~28M
THNADHEINL L E b, 3~6 BREBILT T Hv
ATBE S 100% WE LT, DR TH 12~1658 B &
T TEANVATEBAMEET B 4 DA %1 - F225, BA10.0
mg/é, NAA SRR E 1212 100 mg/é DR D X 5 5258
it & CHIVABERIGEACHALER S H o1,

2. AWADEE: BA 01~100mg/é, NAA 0.1~

100 mg/6 THNVRAERBAAER L, ThbDRDIZE
AET, SV ALERR 3~16 BRICERTARERL,
FDHEZ T, N TEEREELE. LirL, BAFE
P (10.0 mg/d), NAA {E¥BEE (0.001~0.1 mg/d) CitH
WVADERENS2 BHEEE TRV I, T, WSohD
KT, R (20~40 80) ARRCELVARLYR
L= Bisti e 77 )V 2 BRASERD Bz,

3. ZoHfk: Eo4{kix BA100mg/¢, NAA 1.0
mg/é DR THRL L, BRMBEOBM T L%,
BA EBE (0.1 mg/é) DX T 24 HBLBIZZED
HMERZ Bhich » fo b BA EEE (1.0 %3100
mg/6) T NAA {EEE (0.001~0.1 mg/é) DX Tt 40~
52 AMH% F TEOML AV o, B BA 10
mg/¢, NAA 01lmg/é DR TEDOHILRIF LB,
272,

4. #04{k: BA 0~10mg/l, NAA 001~10
mg/é T, ¥EFE6BRIBRCTH VAL SBROSENED S
Rize ZHSDRE T 12~24 BB F h FHOKED
MEROEBECEL, ToHBINEEA RO
Zhilthot, TORTEDHILEITE - BT
HENED bhic,

& £ X #
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Summary

Approximately 1cm length stem segments cut
from the internodes of the first stems of asparagus
seedlings were cultured aseptically on solid agar
medium for about one year. Twenty-four kinds of
media were prepared by respective additions of 0,
0.1, 1.0 and 100 mg/¢ 6-benzyladenine (BA) and 0,
0.001, 0.01, 0.1, 1.0 and 10.0 mg/¢ naphthaleneacetic
acid (NAA) to Murashige and Skoog basal medium.
The cultures were incubated under constant tem-
perature conditions (25°C) and 16 hour illumination
with a 40-watt daylight fluorescent lamp (4,000 lux)
per day. The experimental results are summarized
as follows:

1) Formation of callus: In media containing
0.1, 1.0 or 10.0 mg/¢ BA and 0.1 or 1.0 mg/¢é NAA,
callus formation was observed as early as the first
or second week, and percentage of calls formation
- reached 100% during the 3rd-the 6th week after
the beginning of culture. In almost all other media,
callus formation terminated within the 12th to 16th
week, but in certain types of media such as that
containing 10.0 mg/¢4 BA and 0 or 10.0 mg/¢é NAA,
the percentage of callus formation increased at very
slow rate until the 52nd week.

2) Growth of callus: In media containing 0.1~
10.0 mg/¢ BA and 0.1-100 mg/¢4 NAA, good callus
growth was obtained. In almost all of these media,
callus grew rapidly between the 3rd and the 16th

week but after that period the growth became
slower and then stopped. In media in which the
concentration of BA is high (10.0 mg/4) and NAA
is low (0.001-0.1 mg/#), callus continued to grow
slowly until the 52nd week. In several media, there
were a few callus clumps which grew unexpectedly
after the 20th-the 50th week. But these are excep-
tional cases.

3) Formation of shoots: The first shoot forma-
tion was observed in the 6th week after the begin-
ning of culture in a medium with 10.0 mg/¢ BA and
1.0 mg/¢ NAA. In media with a low concentration
(0.1 mg/é) of BA, shoot formation terminated within
the 24 th week. In media with higher concentra-
tions (1.0 or 10.0 mg/é) of BA and low concentra-
tions (0.001-0.1 mg/4) of NAA however, shoot forma-
tion continued until the 40th to 52nd week. At the
end of the culture period, the highest percentage
of shoot formation was observed in medium con-
taining 1.0 mg/¢ BA and 0.1 mg/¢ NAA.

4) Formation of roots: In media containing 0-
1.0 mg/¢ BA and 0.01-1.0 mg/¢ NAA, root formation
derived from callus was observed in the 6th week
after the beginning of culture. In these media the
percentage of root formation reached maximum
between the 12th and the 24th week, but after the
24th week, root formation was not observed. This
phenomenon is quite different from that in the case
of shoot formation.



