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1. #HEEEOHE

(1) HHEEGHOE

T 283 5 2 (Asparagus officinalis L. JAEi# ) —
7Yy v 500) O TR T0Y =2/ — VTR B
Licob, REEREEF MY v Ak (Batad 1y
Tween 02 HGiAEM) T 30 S RIRERE AT - 12,

FOEE B, WK CERELRELG L icobIEk
BRI (Y2 70— 2 20 /8 36 XOPEF 6 /6 2 515)
ke, 25°C, BSFnC B\ TERHBCRIEZ w1,

2k, REMSem KZHW 1 mm B ECIHEELE
B1WE EERHEL 7 B CHIMIBRENEE LT
WEL) DR D, fiE R L o8 Lem DY) R
IR o TEEAE LA, Tods, R, 14588 (100 mé
B=M7 52 a) M0 3, 1M 0 60fFHE L1,

2) BEEERIUEESZE

324, MURASHIGE and SKOOG D%l (B4 F
MSEHEFTHM® AL L, heva 7u—2
20g/e, HEMHHER L OER T g/l 4524, pH%
SS IR LI-boTHh b,

A RFE I EC OV T, NAA (I-naphthaleneacetic
acid) 0, 0.001, 0.01, 0.1, 1.0 %5 X 0° 10.0 mg/4) 7r & O°
Z BA (NS-benzyladenine) 0, 0.1, 1.0 35 X ¢ 10.0 mg/é
LGB TIRMUI 24 B 2 5370, B
pHX 551 #H4 L, WL, 1kg/em? T 1540 EF -
oo o, HEFRREO ML LR 100 méE=f7 5 = 2)
Wioh 25 mé L L7,

iR 25°C ¢ARN (4,0001x, 16 W E &, AEs
fT) BN B\ THT 2 72,

2. % B

1N £ B K

2k, WIS E RIS O LRI eV T L
TEPAtE 2~3 HHRICHRT O R4 L, 5 %I 3 em
BECRE L, 2T CGE & ) —EHIRE
I T OEHRICHERIE A E o2, BAfciiEa L i o i
YHIRE 5D o e

W Ihtoh v 2D OEDOFEMMLE 1 558 2 1T
BB & 5 SRR ARSI DR B\ TR b h
o, AREBRC S TILBIE S i 1o,

B 11 AR oV 5 R EMAMA 3L Fig. 1 @R
Lick 39 Th b, NAABEHEME 243 0.1 me/l LI F
DRETHEMLICB A, BA &L oflawRnosE
L 5485~100% DREFEFMFI AR L, L
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Fig. 1. Percentage of shoot-forming segments
after 11 weeks of in witro culture of
shoot segments (with a node) excised
from asparagus seedlings.

L, NAA BEH L0 F7013 100 mg/l & 3557 B 4t
> TEORTIHET Lic, M, SRR EsmEm
THEME Ui 2 L ILEIREE -, ‘

AR & AT & Ll 3 % &, NAA 100 mg/é BB o
YETCHINC S W CEDORMED o 12 & LIsHE, £k
INCIRIE RO TH o 72, ZBUSDTiE, Fig. 2
oRL7cE 0T, LT, BTk 2 X v & Binc
BWTHLFEE L, P RLTiL, 1~6 Ko#ipH
whbh, NAA BLU BA OEECGE TERHLE, T
Tebt, NAA RIMOEIC 264, BA 0.1 mg/d
WMOHECHRESL %L, 1o, BA FRINk X O4ERMO
WTROBECKETH, NAA 10 mg/é INOELI
®bDiehotc, —F, NAABHEOBHECHE, 0.1 mg/é
DEEEM 0T, LHFIA Y FHRARERL 6 AT,
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Fig. 2. Number of shoots elongating on the node
of segments after 11 weeks of in wvitro
culture of shoot segments (with a node)
excised from asparagus seedlings.
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NAA ¥ L0 BA & 412 0.1 mg/8 D WIiFEG i 0 B &
Bote, —J7, WETEROBE T, FHERL 1~3 4:
T, NAA BLU'BA OFET LREDEVC L D%
iR s A ERDDRILS T,

Rk 2 BEBE BT X oR X Fig. 3 wmilLics
KO THDH, WITEFRTIEL, NAA 0.001 mg/l ML
fok ¥, Fiho, BPTESETIE, NAAO0OLmg/doD&
FRZERAFTRTH o7, ERMXFDEL-TDE, T
ik LOMWFOVTFhC K\ Th, NAA BIO'BA ©
BEREVCHBETH -7, —7, NAA BHEME LK
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Fig. 3. Length of shoots after 2 weeks of in vit-
ro culture of shoot segments (with a node)
excised from asparagus seedlings.
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Fig. 4. Thickness of shoot after 11 weeks of #n
vitro culture of shoot segments (with
a node) excised from asparagus seedlings.
Indices: 0, approximately 1mm in dia-
meter as thick as a normal shoot of the
seedling ; 1, 1.5 folds of nor mal thickness;
2, 2 folds; 3, 2.5folds; 4, 3 folds.

MIEIMOBA L, NAA FIMOATHEL SOV W X
UHEFT O X BT IEH e REARLI, Ll
BA #ifm+5 &, Bk IOk T
FAK 78D, B BA BiREOBACIIEITR e
w1, 5, BA K NAA #Hlagi & CTHEM 1‘ %

&, BA BROSE X 0L A5k s AHFANED
hiz,

(2 BoER

%&éhtﬁmm2ﬁ®wﬂ#@otoftb%,—
DU CH > THKOD B E 1 OB R#E
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o FRTHTE T 7 LITHIREE D B E AR TSR s
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DEW, £RINNWE L OMlicowTa%B & Fig. 5
RLIcE DT, AL, WEROBE OLRA
RN E 7L NAA 5 LU BABEBERMO &
AT XN, NAAO0OL mg/é LAt L0 BALO
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Fig. 5. Percentage of root-forming segments after
11 weeks of in vitro culture of shoot seg-
ments {(with a node) excised from aspa-
ragus seedlings. OTR: opaquetype root,
STR: semitransparant-type root.

—77, EERBROFMEDEFIIRDE LD TH B,
Tishb, BATERC VT, NAA BAOBEIT
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Wi, WIKoMEICoWTHRS &, BA #lERHEND
BHECZIOTINAALOMg W EBBENR Ho72w &
RIWNAA1Omg/l BRI TI1 83% L BRLEVCESER
LA, BAEMOBEITIL, BAOL mg/lT67%
#RL, BABEHNE B ic Lichio THMEHRILE
Tl 7ok, BA10.0 mg/f 2L S5 &k, Ear
BIOCPHTOWLTRITE W TE 2 v 205 DR FHSME
XA bhicho o,

(8) HILRDEKELEE

B ov 2R, B L~2@RciRe b, Rl
BEIEO # v PR AEL X Fig. 6 RLice kD
T, BIHERCOWTARBEDEDERDTH S, Ti
bbb, NAABEHO B 41X, 001l mg/é Ll EDBEECE
W B A RIS 3B L 0.1~10.0 mg/é T i3 90~100%
THotze LnL, NAA BEADOHSE D 0.00img/f Cit
£ AN AT BN 5 1, —F, HEFHTHE
BRMOBETIL A v ABRIE A DRI 1205,
BADZHHEMTL I L A 2 REFERT D
EMTEL, ZO%E, BALOmg/l Th v 2ATEERH
b S H90% L h, BARENEGHF KL
T DT DR TBERILE T L,

Hov AT AL T L, LT, TSR OSAR
BATHEFTEBEOBE DR S BReE - H AR D b
hic,

K204 RIT Fig. 7T R L& k0T, 1A%
OHNZBOKEI XL, MLTNAABHOE S LY

Under darkness

74

3 NAA & BA L flAfGhE TRMLICE B IRKRE
<, MR NAA 0.1~10.0 mg/é DFBE v 2 DRI
BIFTH o7, NAA B DB &1 1% 1.0~10.0 mg/s
DR T b AR ERLICS, BA BHOEA
i, BARDRFEINCCERLICLOD, TOERER
L,

H v ZADBIT TS &, WIHERC BT, &2
(TR # v ZAM—DD A v AIROKH 5% LT
7o, RN EER AL L o TROBH TR T s
w R RN LI, —77, WIRBRCH-» T, KETR
HHEBEFEHOF I v RDRIFED DI,

(4) HEHOEE

Xk LUHBRBEROREY b - TOBETEkL, 5
BENOID ML, KTFGFHEHL CTHEL TV SR
ZHELTHLEHEFT2IEICX T, Bk
ot

H T - T, SERESR P OFERIEL (FORES
H, Bk JOERANHEYEL) ETERSIORYY
R UHEE Lokl fohEgY W) 24
ERNWE S OB LRI Lok GEAERp oS
PEDOIET) CBHL T—EHMENE L T b R
Lick 25, oMt ERYHFOHLVERS JUHR
BRE IR,

LichioT, ZOMEMIIREBOBIELHEGLT
WwWhLorBbhs,

D LA, AERICRTE, —EEEHLT 55

Under light

0
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Fig. 6. Percentage of callus-forming segments after 11 weeks of

in vitro culture of shoot segments (with a node) excised

from asparagus.
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Fig. 7.
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Growth of callus after 11 weeks of in wvitro culture of shoot segments

(with a node) excised from asparagus seedlings. Indices: 1, a size as
large as a sphere with a diameter 3 mm long; 2, 5mm; 3, 7mm ; 4,

9 mm, respectively.

HHAT o 7ohs, HRCEMLIR T, S5ESs D ER
BT s BERHE - I F . 74 N FlioN— 3 F o
FA b ELEEFLIICEGLADDORFERALIL) &I
KXo T, ELNEMELERT A EnTEi, ik,
Wi BB R A b L ISR OV T, £ O —
ERIRHR OB AT S it X » T, T liesd
15 & B I REREGRELIZR I8 5 & 2306
THDH I EDbhoT,

3. £ =

AL I\ T, B A RREYBE L HM LI
BET B CTh, BRI OER D OZE DI NS
B, HREMTRL 100 L&, HREOERN
AR A RN L 235 & A U R REME R R L7,

—F, T L EXORTonTRSEE, LU THRER
b, FrRERECRTTEERNYEOHELH
P Wibht, Zhii, YANG X708 CLORE H D,
ERMFD, BEEAD v o — 11920 2 H o B D £
FLFAKETH -,

R, ORI OWTAS L, EEED NAA LM
PTHWISHEE, PREOMREENE L A2 2%, BA
WA FIE NAA & BA L eifiafbeTtHVeE A
Xz LAZEDMREAIHIL 7o

Flo, 22OKXIL, BAOFERTITHLEANKE
<, BA MU IEECENKL oo, ol
VLT 205 9 2 OO & TR OIERT M E

T BE OEIRR I AR Lt D A v 2 MbD
EOFSLOBELFAETHD, 1o, TV Foifkx
DAL LI DGR B ERIC BT by 4 5
F v ERBDIERANEDL R TV B,

RO DT, Tido X 5 i cIER 7l
BETD & i B IR G R O Hio sy
MOERERAEL, & SKHANC kT 5 SR E R
MFFEBERMO & Z AT B TOLRE L, o
NH ORI, WS suCERETNDESERERMOE
BLRE L AbRT, BATEROSACILERIEIYE
MEFRINE REERMO & ETh e A b hiho
7o DI EMD, Wi B BEROFEEITN S & B
HWRHBHEDEEZND,

P N R AR NE 7 L & I e A 5 &/ {2 B )
TR ENEZDND, F2HTHMAD X 5 T I MR
FIR DR B\ Tk NAA A DBEA L, ATk X
VIOV i 3 T, WL 33 NAA
0.1 mgll DEHTEL B o7z, Lo, NAA & BA
EEMZAHLTHRMLISEECE, NAA1Omg/do b
ERATE oot WETHE, TiEOEEOMKEOIE
S, BA CMAGHTHEMTA L X b 10 fEE-
FANBILI-Z &l B,

LaL, ARIRD X 5 e iy oREc s\ Tk,
EiRd &5 Ao i, BATREROB ST BV TORRED
Hh, WETEIEOEE L, NAA BAE L NAA L
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L O BA O ZERIEMDVFROEE&ICL, NAA
1.0 mg/4 CHY LM A T b iEh - 7,

CHIEDWTIKRD L SIEEL BT ENTE D, A
BRI I\ TUR B G 235 U 7o b i & 0 972308
MREL, B LOTR®D X, 72/°5 FRGHZ O
OB AR R I T ey, I s Ty
Ab T4 = PEREINDZ EERDTD, Lol
e sl 255z 0o & EBENRH D, KIcemRE
NicH 4 b 314 = MBI TRO FEEL F
IFLTwadDEELLRS,

—75, AEBROERELFBT KT DT /85 # 2DF
HHRRITIER DB D LD & BIREE S, T &Y
FHATH, FEHF LTHEIKRE (KX 1 mm) 254
L, RBEMCET2AEOWRE D L L CikT~15
em b B, T D LREDHIE,IHLENROENE (&
05~2.0cm) 2 1ifieoX 3~10 AR T 5, AFEhoD
BED LS CHIIC W THRF SRS &, B 1RELS
e inh, M TR BBHE & Rino T, (ERLTH
T B g A PR L7e\

AREHTIL, 20X 5 M 1 REONTRA B &
Lo THFELI-OTH DY, ARBEENFETRELZ
HAE WEDAOMKELEEE LR nRELeZ &
Cieh, DX 5hFE LI BEOMELOE(M, 4
BOEERR O LHEECLONRD D,

7¢3, YANG & CLORE3I920) iy BeffRic Rg L
PR B ETREI R0 L TR L, oMk
JOBRMPH SN cEEL T 5%, ML < YANG and
CLORE®) {3, T R85 H# 2DFHE BB RAE LXK (H
£215~22mm E X 0.9~1.3 m) ORI T\ 5 (g
T ) K IAA R I O H A2 F v ET /) v
~— 2} OIETE %, ZOW45e, aerial crown (th
TE DR OB A S LMY T 2 D M L
XWX IRl oA b)) &I
G T B, AEECHU TRk { 35\ FEA DDA
TR UGS ORI 2EORE, BoRik X
U0 E, chbDI b ExEXAbEDE, W
BT BAEHRAEDOTAEL W S BB SHOTFFE
CREx B2 540 & bh s,

F28 REOEVHBEKORE
AL, FRfo 95 (uvenility) &uv5 i
HERLT, EEOKMRMBIIF LEEARL, 7 2T
BOTCRE iz D\ TN,

1 4RATNYEORE

ARIHTH, A v 20D OIEDH s LR
S E R & 0 DTS5 200, HUl 1 RSN
M 2R THEBRAT - 7o, TR, Hiho BA 1
LUH —F v DENREA TGt 5 - L X b, SKOoG
B2 f5 LU LEE B2 0 25 22 13 5 5285 & FREe,
ROGILEZLDOFHEFIL THRTE Eh, Kk
> CRE—H v WA BIREE L RRFCHMEE R 52
EMEFLDT, FRD OIS TN,

1. HMEBRUAE

1) FEER offfl: 72552 (A Y —
7 vyt 500) OffiFR T0% = £/ — T 5o RIRE
LieDh, WlHEERSES v ) v o288 a1y,
Tween 20 FE#RM) FTOK 30 3O R % 2 @
DIRL CEARHEEZT > 7o S BEK TR - Db,
100mlEFE=F7 7 2 a DIERFM (v 2 7 0~ = 20g/4,
WMRIER Y 6 glbE AT DY 1ERHIY 30mé AR
72} _BICH 30 RO L, 25°C NI CHEREIIC R
BRI, R 2 MRS 1 RIEAWY 5 cm FREE W il
RlLick &, T OHMEADH Lem ORI B
LR LIC, 1Y h ol it 24 & L,

(2) FboW#ll st AT oRERc A o
OIHEPIE LEE B TdH 2. AR MS
1118 L, Tk 100 méBA=M7 7 % 212 30 mé F°
DL, 1EBMCIOBKRMABA T3@EE L,
25°C B5FT 4 S OVMFN (4,000 1x, 16 ReRIA R, AEEX
£T) D&HT oL,

(8) FEk: ArROKRETIE, TXFRKFL, £4
ZRKRE 2, V537 RE3EL, FFEOBMARTY, 5,
6, oo 7o HHEREEDTHFR LI, BEIVE I DWW
TEHABHCHELTE b0 L, TO>bOKbE
W ORI EIUE LI,

2. # 2

(1) NAA&®KLUBA OEE

BA#0, 01, 1.0 3500100 mg/é D AL, *
DEDOFROIE NAA %0, 0.001, 001, 01, 1.0k X O
10.0 mg/é 6 B H LG b oA 24K AT
R o v 2 DGR, 7o b TR X UED b
& FEFIRIE DT LT,

1) & 2K

A1 v RGBT T TS EEBRA R 1IRM S His E
D, FDHN L BRI I o TEE RT3 128
PRI B X & IFER % R L e, Fig. 8110
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Fig. 8. Effect of BA and NAA concentrations on
callus growth. The index was determined
after 12 weeks of culture.

B B 2B BRI OWTRLIC L OT, BT & BT
ETRREREIRDSOAT, WThOBFCLRD X
5 Ixfdm bR b,

T, BAEEMNTH NAA R BRI L8
BEIE AV 2RI, NAA 01 mg/d T b ERETS
HERRLI, L L BA % 0.1~10.0 mg/4 OEHFATH
5L, NAA BBETO s~ 2 O4RET BA ERM
OBE LV EIFLE D, NAA LO mg/d BMOBETRK
KCHotr, ZOBEDH L ADEERIT BA HHEMX
Lo kEhote, s, WITTHEREINS 7V RLEER
ERHLBREEET LN, TOFCORENRICL -
TEAD, LT BA SERECK TILEEN D TV A
MEDELNT, iz BA 10 mg/d, NAA 1.0 mg/é DX
D H v ZFIEGF DI BREN - 1, 72, BA,
NAAPE DB EBETHI VARG EA ERDDR
ORI BCTh, kAT 20 BRI BRI 7
o T ZF-710ht, BA EHM, NAA 10.0 mg/é DX
TR 6 BRLFA L o 2 A0 BWET 5K
Haghoit,

2) WospfbeRE

B ZINBDROSL, B ATR L 00 BR
THEFEEAMG 5~ 6 BRI% DI E v, MERERPIH
bloo THACH I L 7o, BBk 16 Bkt 5
AV A D ORDOSF{eHT Fig. 9 D& kb T, BD
SAEEFETE DO ET 5 BA K XL O NAA O EETR
B o v AR OB E D LM R TUE BN &
Abirots, Thibb, 20% L EOEFCERALLR
fodDiX, BA #EFEND 0.1 mg/é DEEEDX T NAA A
0.1 #7243 1.0 mg/l DREOHAHCEOI T 5, T,

100 } =—— BA 0 mg/!

cemmw u 01w R
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Fig. 9. Effect of BA and NAA concentrations on
root formation from calluses (16 weeks).

BA EHEMOBACEA, BERoVTFhiC BT
NAA 0.1 mg/¢ CHRBFIFAR LAY, BAOImg/lHk
MR TiL, NAA RS BLIEREO 1.0 mg/d TRA L
otie BERSLLEERERCOVTO 1 EES b D3F
B L EERE (FhFhofihoRRBORS O
SE4E) (L Table 1 & &b ¢, WP, W& L, 3
BEDOEL NAA 3 ] X BA 0.1 mg/f+NAA 1.0 mg/¢
RCBE - BEIBL TR ED -7, ok, AVvanhb
ST AR S ED X S ERD L ornmbhi,

ZERUIREAR (Type A): 7 v A DFE GERFEHU
LT RWis) BT 2455 W koM
B, EFRERE T 0137, B DTh 0.5~
1.0 cm CHEXEILT S, ZOBOHL, BAERMD
K% < Hbh, BAOLlmg/l DX TH s DIBK X
i

AFBRER (Type B): A DBAEFUL # v a8l
OHEEN ST BEEWORTH B pY, FEREWIHL
T, Type A X X< EFL, FEREPCHE
LT TERSRCKLDEE L Hofc, COMDIR
i, BA &FHINXIC% {, BAOl mg/f it b LT,

FRAREE AR (Type C):  #r v 2MDED b &K
B R T AT, WEIRO X SR, B2~
3mmBEDL DB B, ZOEOIL BA 01 mg/l D
KTREHN, 1~2em THEREILT2HE1E D,
I FEETEZE LD T,

EHR (Type D): C & AR T 5%
EFLRBIRD X 5k L, X METHHRTHD,
SEATCREMR & L O S8 Bk Z OO RAE D
LT %, AEBTE BA 01 mg/f KT ZORBDRNSL
Tz,

PR EOSET, HEECIPRMIEIR LR
obbb, Fto, F—»r2BH0 2 EREUEORAY



BH: 7A-3 728,50 BEHRE F0FH 309
Table 1. Effect of BA and NAA concentrations on the growth of
root and shoot developed from calluses.
In dark Under light
BA NAA
Length Length Length Length
Number of roots Number of shoots Number of roots Number of shoots
(mg/f) (mg/d) of roots (cm) of shoots (cm) of roots (cm) of shoots (cm)
0 0.01 1.3 0.9 0 — 3.0 2.0 0 —
0 0.1 7.4 24 — 8.1 24 1.0 5.0
0 1.0 10.0 1.0 1.0 5.0 9.1 1.9 5.0 0.5
0.1 0.1 1.5 0.6 6.0 6.8 3.3 1.3 2.0 0.5
0.1 1.0 8.0 16 4.0 7.4 8.6 2.3 3.0 1.3
0.1 10.0 1.0 0.5 0 — 0 — 1.0 0.8
1.0 0 0 — 9.0 3.0 0 — 5.8 4.0
1.0 0.001 0 —_ 1.0 15 0 — 16.0 6.0
1.0 0.01 1.0 1.0 2.3 1.8 0 — 2.0 15
1.0 0.1 5.0 1.5 5.0 4.6 0 —_ 2.0 1.2
1.0 1.0 3.0 15 3.4 6.5 3.0 0.6 55 5.4
10.0 0 0 — 0 — 0 — 15 0.8
10.0 0.001 0 — 0 — 0 — 25 0.2
10.0 0.01 0 — 0 - 0 — 1.0 0.5
10.0 0.1 0 — 0 — 0 — 1.8 16
10.0 10 0 — 2.0 2.0 0 — 34 0.8
LT 255450,
ok, ARBTHEINIRLTTH V20 B5L §W“:::%3ﬁ%{ TR
Lich o, BRUCESA2EEMET 2R 250l 7 \
bl i, -Fi 10 dark / ,R‘\ light
I~ ]
3) Eo4fce il £ [ 74
7w 2 i Ts D AR U SRR BAA 5~ 6 BRI & A g 901 / J A
b AMDETID 17\ LB E0B (62 Zaf [/
FERE ORI HRHOR, & IpbTHTESS) LN/ l\ \/C-«/
fELte, EOH RS ROBA & FECRIIRIC 1 - SNV A
& -3, R 16 BRHRIC & 0 , 10 0 001 10
THARIINL7ond, Rigebith 16 BEGC kT 2% 0 0™ o 00 % 000™ o M0 100

7r{bHi Fig. 10 D: kD TH 5D, BAERIMOR T
T EA DML Le 25, BAREMLICEE O NAA
HREEN 0.1 36 X O 1.0 mg/é DR TREDHEDBIFTH
272,

bR D v — 213 BA B BIR < NAA 1.0 mg/é
THbhic, i NAAEREMTE, Bostnig -7
S ARBhiehotond, ZEOGik 20 LT DK ¢k
HoleNBD BN T, EEG{LLICH NV ZITOWT
LR b DR & ERL Table 1 @ L k0T,
WL —EOHEIR D O s hroTe, Ttk BA10
mg/é TIXIFT D24 BA 0.1 3 L 28 L0 mg/é & 7 f& EE
DEDI{ENL BN,

NAA concentrations (mg/{)

10. Effect of BA and NAA concentrations
on shoot formation from callus (16
weeks).

Fig.

LT3R IR e E LTRE T L 0Did, ¥
FWeL D, BECMAVCEDE TR E D, FEng
{MEFR T D EORFRENRDONI, h
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B ROV L DB TEC T TRELAEV-L O
bHotc, BEFICK SEEHTIERCET LW RO
X BA Ei%E 10 mg/b) Ricabh, FOMORERE
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T TH DHEHEICHII L THb L,

4y Yo

Fig. 9 3 Xt Fig. 10 ZoiLic kg, Wi IO
DI ALRMN & LI Mo Tk BA 0.1 mg/d, NAA 1.0
mg/é DEXT, ZDFEITIE—"2D & v 2 PTTH 85 T & 45
Ll onmni o abhics, ThbDh v 2BITER
T E RS F I o MS K, v = 7 2 — 2 20g/0
ds L UPER 6 g/ Aiy) B L T 25°C T cRR &
AL L7 bR & S WEHER TR T 50y, %
FATEERRE R AN D I N— 2 &4 T4 F BANRICE
U CERfpEaBs  LnTcEl,

2) 2,4-DHELUBADEE

AR BA & 2,4-D & R4 OEECTE TR
MUIZBE OB TRRT LT, BEOM LS8
XEE L MU 24X & Uiz,

1) 7 v 2K

Fig. 11 ik h v 2 DhRANTEA EFE LKL (13
BRI KR aERERERLLDL © T, BA #EMO
BEOLERREDO e —2112,4-D01mg/l TtaH bR, BA
0.1~10.0 mg/é #EML 72X T11 2,4-D 1.0 mg/d T
— 7 AT, Shuk NAA OB &4 L FUEAT
Hotc, 112U, B9 NAA OBSITIENTH V2
DEFIIED, 4 BAEERT S » v 2 OEKERED
EZH PR, 2,4-D AV TARE Lic o v ABUL
NAA OB~ EZmo Mt 234 7 <SERY
T, METHoTc, FRUFTCEE LA v RILNAA
DHE X BB AEAENED bR,

sk, NAADBELAU L, #rv2DEREIEDNT
VT E T & DT LA ER BB o1,

4,01
= +—— BA 0 mg/[ s——+ BA 1.0 mg//'
S ommm=o 0.1 ,\I/ f—— gy 100 # R
g 30| SN d
By dark
i
®
o 20f
Q
»
3
=10 7
Ve
] )
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2,4-D concentrations (mg/J)
Fig. 11. Effect of BA and 2, 4-D concentrations

on callus growth. The index was deter-
mined after 13 weeks of culture.

2) Tk

Rk KOO LTEETE0A 10 8E M DIRE o opt,
A—F vy ELTNAA BRI (1) DA TR
LT BRI - 72, 17 MR i3 B R S ki
Fig. 12 o & ¥ b T, Rosr{bik BA 3 L1001
mg/é THEAL X, BRME TOHERD &~ 7122,4-D
0.1 mg/é TH B, BA 0.l mg/4 KT, 2,4-D 1.0mg/¢
T~ &t ots, Ioks, BASEEINCHLLHILHT
HTORI LT & 5 AEEND WAL 1o 12,

K4 bit Fig. 13 @573 L 5@ BAOL K LU 1.0
mg/l TH BT, AMERIE NAA DB-E L TH
€ oT, LicadiaT, NAA OB4 s FIHIRTIT
A, ©—2i32,4D10mglliHhH b d D &8s
b,

Toks, BT RELIC A v BT DT O 1A
DB & E X Table 2 D & kb ¢, NAA DI
FEIE L TE S b o o BB B T - 12,

801 o BA 0 mg//
g 70 (4717 SR | N ——— =% 01 »  light
‘g 60
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::_' O
ERE
oy
g 30
2901
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Fig. 12. Effect of BA and 2, 4-D concentrations
on root formation from calluses (17
weeks).
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Fig. 13. Effect of BA and 2, 4-D concentrations

on shoot formation from calluses (17
weeks).
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Table 2. Effect of BA and 2,4-D concentrations on the growth of
root and shoot developed from calluses.
In dark Under light
BA 2,4-D — —
’ Length Length Length Length

I\?‘;nb? of roots lzlurlnbetr of shoots Nfumb?r of roots I}I":}?betr of shoots
(mg/g) (mg/é) [¢] 00ts (cm) ol shoots (cm) oI roots (cm o 00ots (cm)
0 0.1 5.5 0.9 0 — 7.7 1.0 0 —
0 1.0 3.0 0.2 0 — 3.0 0.5 0 —
0.1 0.1 45 0.4 1.5 2.0 4.2 0.5 0 —
0.1 1.0 2.2 0.8 25 1.8 3.9 0.4 1.5 1.0
1.0 0 0 — 1.0 1.0 0 — 0 —
1.0 0.001 0 — 3.0 05 0 — 0 —
1.0 0.01 0 — 0 — 0 — 0 —
1.0 0.1 0 — 0 — 0 — 1.0 0.8
1.0 1.0 0 — 1.0 0.7 0 — 1.0 1.3

3. E b Mol

1958 4 STEWARD 52%6:20) |3 = v o v DOJEHJE 2 5
BV 20D DYREH DO FEC Y LIch’, ZOBEEE
HIE coconut milk iz T3, FDHE SKOOG 524
¥ LU LEE 529 iRk i 10 SE @ 7o B ks

RHGT 2 aDZ RO IV 2 5FHEL, XHIKH
AN DRSEHBCRY Lc, Z DO THEIC L B
B ik, AEBEEH (14 257 v & JAA)Y OBEE
2D ER L o THER LU A DI 0 WHECIX I LT
BTOELTHD, REOWMEC L HE; MxolihT
HNZDEEWITEHMEZ D ERY LT B2
2Fy b I EORBIE MM LI BBy 4 b
HA=vibdr—%vrBHObBRTED, 2Ok
TOFAES LB L TV 2 HE 2L L5 TH 518
29,30,31,32,33,34)0

AEicix, #4 b #4=v (BA) Lx—++ v (NAA
F1oi% 2, 4-D) wAE 4« OEE THIM U MS g Hu
THEET A Z LI L D FEEE LI KEDY R b vz %
HEL, PHNTANVZDLLERT Y MLERBZENTE
too Eho, BARIUA—F ¥ Y OHEMEELZ AT &
X h, SKOOG H D # /N 2l Jsit B ER L [EECHR
DG T B 4etf L EDFTRE PRI D & & B HEET
X703 h, KL Lo TTE—m v 28 HIR E X2 R
o bER B EHTEL,

FF, (M OLERETWEIC OV TRETO S LA EIR
T B DI Y B 5 &, BA X 01 mg/¢ LR
TR, 0.1 mg/l L) LT LA TFRT 50BN TH
o1, F LT O HRERAN BA & & biiEmL e

— kv v DA, RO A S i

F—F vy OEECO Tk, NAA, 2,4-D Tité
4L, 0.1~1.0 mg/d THRIs LORDIMEEER TS D1
HHTH o1z, Tiodbb, & —+ v v Cios bt
WU L, REOSUIIT MR & 23E CRIENC S
D, TOREE I v R DERCLIRETH 1, Dk
BA B IO # — F v v & {ll 4« HICBE O EE R i
THDBH, WOBIT DN TUL 7 v RTBR DB A & fF
oD X o IeliEERARS bR, Tibh, (1)
DB I\ T, BOIHUTKT 5 NAA OFEEIE
BA fEyogi & 0.1 mg/l cho7te23, BA 01 mg/é
Tk, ThEhEiEo 1.0mg/l THotloo TD X H
W BA 8 I X o TRBCHT 5 NAA O#igE»
BB ik, RO 2Ty A b4 =g
— & v MDA DHEIEHEY Lo L D &% bk
e Thics LTy b 413 BA ORE2 01
~10.0 mg/f DHFH N TE I » Th NAA OEHEEL
W10 mg/l Thoto, 2,4-DEHNCER 2T W
TEH I EREfED - Lo b,

7zﬁ7ﬁzfmﬁmﬁ+hl6%[ﬁﬁﬁbhfb
0%, BROPHE, BUC-OWTOMMAHZESE L,
:@Am%%<tb,EEWLHL&E%%ot%%ﬁ
JET B &R EIE LICRBEIOPIEL Do
ThCTw%,

TAKATORI 512 {1 = @ HYPCHE R 3~5 mm D)
TEYI D Le i &My, NAAOS ppm ks Lotz
TF v by 16% wedts MS ST H v R BBHEL,
Z A TREESHIC X 5T 50 ppm DIEEE T 7 = ¥ iR
L 7N RE L Cohilda b3 5 2 e R LT
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Wb, F/o WILMAR 53 MEEMC RS 4
D 1R¥ED Y) - % LINSMAIER and SKOOG DL
HHRHOCTRIHTIR S TEEL, BBl rv2nby)
Wi BL 2 LT B, ZOBE, B4 4F
0.315mg/é & 2,4-D 1 mg/l THNVZADEEMNRLER
PT, FRCBEMESRE o0, FrodBNEwEs
WL e o e B DG LA U o o & T
%, LimL, WG E dFEFOMEITOVLT ORI
Lbhio,

AEBRTIL, £ —+v v & LT NAA GBS T
7edh NAA 1.0 mg/é & BA 0.1 mg/é ##8 do& 72
BRI EZEDOTH 2oL U oo v 2R L S b o,
Z ORI KT B ROHEEIL 80~100% TH - Fohs, 3
DI EEABEL TIEL 50% Witk TH -1, LichiaT,
WO/ LR E X HITEHDBTIIEDOI LR A ED S
CENEEN G LD, OB EE AR O M
B, ARFASWEOBEE I OEEL SRR b
DEH, B SEYO G R A & B E Y TR D
—DEEZDND, FERH NV ZDEDYMEY DTS LT
BIIL T BRI T 4 v 2558 BT L SEtic
BIETL > T 5B, BHORINC OV TORELE R
b5,

11 BEOBESIUBEORE

KEBTIL, Yasa—2, FVa—R, 757} ~
Z D 3FEOBEABHUCIRINL 72858 D& MRS o\ T
BEL 7,

1. BRBKTHE

LB 2L Clicn L RO FH TR L7 7
R0T o ARERE VREMEIS Y Lem) 28 5% L
1o, 3EHIY, MURASHIGE & SKOOG O, NAA
1mg/4, BA 0.1 mg/s, BB LOWK T g/l %424 pH %
SHICHELILLDTH D, ML IO T, v
2l B—R, INIA=ZBILT7 7+ —2DFNFh
1, 2,4, 88X0°16% & L1, i, 148 (100 méR
=772 a) Yl 25 ml v AR, BER 3EY
BRI, B53813 25°C, BPT (4,000 1x, 16 BSESHE, &
EEIET) DEET e o1,

2. ERBIUEER

1) mazIPE: A2 TBUEEEE LEBI CIh £ -
oo Figg MIWRLAL LS ICY2s0—2, Fra—
R, 737 —RDWFRIERWTE 1~4% 084
X, v AR R 95~100% Td - 1o —H,
BE8Y DY ETIL, va s u—2TIkH 0% DEu-

100 -
P —@ Suwrose
£ 0-=-0 Glucose NN
& &r-+—a Fructose A
¥ sul \
z \
e
3 A
3
\Y
. , . . , N
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Concentrations of sugars (%)
Fig. 14. Effect of sugars on callus induction in
the in vitro culture of internode seg-
ments excised from the shoots of aspar-

agus seedlings (after 16 weeks of culture).
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Fig. 15. Effect of sugars on callus growth in the
in vitro culture of internode segments
excised from the shoots of asparagus
seedlings (after 16 weeks of culture).

Indices: 1, size as large as the volume
of a sphere 3 mm in diameter; 2, 5mm ;
3, 7mm; 4, 9 mm, respectively.

RGBT H - Ten, Fva—2Tlify68%, 73
7 r —RATILRB3Y L feote, ¥1o, BE16% D
BETE, A2y 2 70— 2 ThThiclnb
RICH, T NI —2BLOT7 57 b —2 T4 LHH
7}’117’;:7’]‘07‘:0

1w Z DHFT Fig. 15 R LICE R DT, WFho
B3\ T 2~4% OEHCE A Vv 2 DERNIEE T
Pt

UL, 16% Tidy 2 7 0 — 208450 hTFhictE
MR BRI T Eeh 1o,

2) Eo4t: ZEOSULTRTH V2D OF 4
1B, K53% 8RR b 7o, 155G 16 R it 5
LA BT Fig. 16 ©RLIcE s D T, WFh
DRI\ Th 2% OEETFLED -1, 3ok
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100 p
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g
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Fig. 16. Effect of sugars on shoot formation in
the in vitro culture of internode seg-
ments excised from the shoots of aspar-

agus seedlings (after 16 weeks of culture).
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Fig. 17. Effect of sugars on the number of shoot
differentiated from callus in the in vitro
culture of internode segments excised
from the shoots of asparagus seedlings
(after 16 weeks of culture).

DECERIT E A EHDONIch o, BHEEEA 4, 8,
16% LiE I Bl - TR ORILERB L o, T OHE
3EEDOHED T W TH IRERFEOEM &R L 7,

Lonl, {ERfED 1% R\ TiE, 7va—2TEHL7
7 F—RTINIDRRED 0N, 2/ T —RT
RS TED 5 T2 2 EXIFHTH B,

BHEU - oM 247 0 OBt Fig. 17 0 L kb
THS A REFRE 2% D& ERKRTH-Tc, Lo
L, OB 3fEoEORIKENRSHD, FVva—RT
L% E 36 AT, RWC7727F—2R, Yalu
— R LR TR o T,

(8) Bosyt: WOFHLL, ZOEHLE b =
B, w6 EmMcabhie, Fig 18/RLIZX ST,
Bas b Ui OB, AR TMV-fo 3ok
DCTFHIERGTh, 4% DEZLHRLEL, ZOBE
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Fig. 18. Effect of sugars on root formation in the
in vitro culture of internode segments
excised from the shoots of asparagus
seedlings (after 16 weeks of culture).
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Fig. 19. Effect of sugars on number of roots in

the in wvitro culture of internode seg-
ments excised from the shoot of aspar-
agus seedlings (after 16 weeks of culture).

SOOIz A EETZEDORIsh o Te, B
fLLICBORIz DT HB &, Fig 19 IRLICE B,
TUWFhOREOEFEES A% THotend, BLic3
ORDFTIE Y 2 20 —RTRE L, ROTZra
~Z, 777+ —RDHTH o, TDXIHDOEL
o3 2 B HEEREOTMLOBEOTh LD L&
WEIARH T,

HEFAL U TAR DT D\ T B &, AR D
BAEORT, #1882 5 LIZ kW GRE~IoROE
ey, EOEBNRTH o1, ERENEVWEE
OISO TR, RREOEFHER R TH - 1,

SHE DHERC T B 7 285 H 2 DRICIFB I T
BRETE, FOTEHAL DI b D RN
#ETTH8HY - TALHLVWEFTORIRERL, th
g EefEb e b o TIICE D A Eh kAT
WO IEMT 5%, ¥, 72875 2ORITE
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R EPNE S S EI R

16 %

O LRHEP AT B 2 EXWESI R T 533D,
LT, TR HXDRIREASE S TATED,
BEEH B OE I IR 4 Cig i 9 70% R 5 A
TWBS LG REBNH DL D EELZh D, A
YROFERMND, v su=x, Srva—x, 757+
—2DVFhG, BRI AT S h s o
E W o TS, BEC O TS B R T M3 A
THHLDERbRE,

I pHO & 2
71 v A PSR B UV BV A A Bug 415 pH o
LDWTMAD 1o, Sk OB 2 Tk
BT o1,
1. MHHIUH®:
FIRE 2L & RO RCER L fe s 3 o il
A Ve, EEbi: MS B AR & L, v a2 B
— % 20 g/¢, BA 0.l mg/l, NAA 1.0 mg/{, ¥ X OgeR
6g/¢ ML, BEIHC NaOH # 71t HCL & v,
pH % 2.0, 3.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 8.0, L *
9Ol DTH L, £z, L00mIAZM7 5 =
T 25 ml A AR, M) 3 A Uz, 1Y
72D OMEET BN 30 & LA, Kt 25°C, 4,000 1x (16
KT, B k)Y O 4T e - 1,
sk, BRU B DB BRI D B R T kLS
2 RIS C IR D 4o 1 TF MBS 35 A 17 » e,
2. BEBIUER
Fig. 20 1L 72 542 pH 20 B L0V 9.0 Gl # 1 =
L3 & A EIRS ieh o 1eny, 3.0~8.0 Gt A 2T
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Fig. 20. Effect of pH on callus formation in the
in vitro culture of internodal segments
from seedling shoots (after 12 weeks of

culture).
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IV BHEOKE

HIBEE2IMILICRNT, TR HAREE 2 DX
Db & o L FIMEROIN R L B A O B v 2 TR D
KR BEEC DTl fe, ST, RGN
DI 33\ TP O B TR AAT » 125,
WESUCED X5 e BEETHEV D SEED0
TR L,

L HREBRUHE

AR OFFSL: 5 1B 2 I ikt & ko
S DEHERGIA A 12,

MBS M, MSHEEALL, vaso-
2 20 g/b, ‘LRHMEWE S LOER Tg/l hE%, pHY
5SS LI b D Th D, ARHHME L, NAA B
O BA R BT F MR A TIRIL, = Ok
PP O RMEYE O/ - BE DRV LD,
Table 3 IGRT & 57 A~H 0 8 R 1o,

Table 3. Concentrations of BA and NAA
in each medium in preculture
before transfer.

Mark of media

Growth

regulator ABCODTETF G H
BA (mg/§) 0 0 0 01 10 1.0 10 100
NAA (mg/§) 0 01 10 1.0 0 10 100 10

QUG E, 1TRM70 120 (100 mé 5= 7 5 % =
LA 3 AIER) &L 7o, 7, WIS HE
25°C, WERTDL&MTTiT -7,

B BiThZhoReouCiiks%3 A,
7TH, 14 R%BT-1c, BGOSR (B
TRMES E M 5) v, LREHE U, ARy E e
WITH BizsiiiEEorh & £ EETH 5, Bl
H R 25°C, 1 H 16 WA (5 (86T, 4,000 1x)
DEUTTIT o1,

AL BRSO EY 1LBRT > D bMEL 12,
LRI AN ZDRZEZICDOCTUIRD X 5 KiFIC L »
THRALE, Thbb, HERO: »rxBRBEDHE
Hicws, 05; ik, 1.0: 7&K, 200 44 Xk
K, 30: 4 PO 2HOKEE, 40: 4 R0 3
BoREILL, ThICESHCGHERT o7,

2. ¥ 72
Q) # v 2P
# v ZFEE Y FTERARS O BuTARBR

1o BBHWEXCRITE AN APRISED LB D TH
%, NAA BHENOK (A, E) ©isnTi, v 25kt
BB 0T, FOMD NAA 0.1~10.0 mg/é
FHEMUACR T, 1~28E%BIc v 2B R bR,
4B BT 90~100% O H v 2BHARBH R & oo
7o A1V ZDAENL, NAA % 1.0 mg/é DL EOEETYR
INLERC BA 2l AbE THEMLER R BT R
HThotc, b a2 DEENBIFTH - O, BA
1.0mg/f & NAA10mg/é & HHAELETHRML 1o
A TH -t (Fig. 23),

DECBHELY T - B DN THDEDEDLE KD
ThHD. HRDERIT, BRI EIZ BT,
FEBME L0 L TH - T, Fld, L BIFC
B IRy 14 HEHT - Rie s W Th, oz
DA E EREBMOKOLhD g Tl B
LG, b # v 2L - T D% 3 |
HDXTHo7c, o, MiEEET AOXDH v 2 Dk
XX, Wik 14 HEoX &R 3 Ao X & oS
o1,

2 R o451k

AEEC B TR EINTRL, TNTHvZLLH
SHEL e OCH - Fee BOFTIMEIL, 22 EBRL
TR B TETNCROLN, 45, B,F 8 XUr G
i eiEy e Ak LT (Fig. 24), NAA 0.1 mg/é
BHOK (B) i@ ounTah b &, MBHOR D E 5
bHARL, BHEKOZIL, MBEE LD LA, i
BEAEAM o U RE E LR EE DG DR,
BT, 3 ARENTREE 2 T o T D LD X THE4 < R 4HE
NEBNIeh - 1o (Fig. 24-B),

—7%, TG BA XU NAA &M L 72K (F,
G, H) T, BoOBSMLIBHET2 2 it k- TiGEX
hitc, Tichb, FIX (BA10mg/é NAA 1.0 mg/d ¥
m) T, WikEEA 14 BRETT o fco b BIE L o8l
SIEENFL S EBE OB AT F S Eh -7 (Fig
24-F), GX (BA10mg/l¥ X U8 NAA10.0 mg/d) ¢
500 HIX (BA 100 mg/¢ 35 L O° NAA 1.0 mg/f) 1 3
WL, WM e, WiEEE S BEIOB AT RS &L,
RO TR L Eh - 1o (Fig. 24-G, H), ¥/, CK
(NAA1Omg/é B ) s L' DX (BA 0.1 mg/é, NAA
1.0 mg/é) Cit, MBI X OBHE OFT <TI0
TROSEn#BB bR, BHOGEIIECHED LR
2712,

AEBRLAYE L CRICES, BESEBRT S,
G Xz 31 HHiEEE 3 HIHOM Aic kb i< (96.7%),
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= v A R RN L7203 5 23 R T H BB A1,
40,4) 2385 % h3,

KEETIL, v AT, BA OB L 63 NAA
0.1~10.0 mg/é % &1 TNT ORI BV TiED DI,
NAA SREMOBECEE L Zdbhithro e, S
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OB IFT, B BALOmg/l ks X UYNAALO
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— « » — l4-day preculturet,

mg/é, NAA 1.0 mg/é) C - BrmLics, flox ¢
TR G - e, AR, Roptic g T#
R DT, ke BA F700k NAA o
X oT, #OBbNInkic - T, T7cbb, BK
Tk, WSEREIBHT OIS TERT LI, F
X (BA 1.0 mg/é, NAA 1.0 mg/¥d), GX. (BA 1.0 mg/4,
NAA 10.0 mg/é) 3 X0 HIX (BA 10.0 mg/¢, NAA 1.0
mg/f) T\ T, AR EAR OB B R
B LoT, Wosjpbriiit S hte, Zo%s, I
D s Y e TEER O MM, AR R L e
EEREEDBEC X TR - T\, iz, F
KIS 14 AMBBRE OB SR L 0ER A
SteDixf L, HIXcikiilss#E 3 BB O%E i
LiEmotc, TROOEEAD, HEkE, SN
Keakpe, RO B A RN EHE I 0 AT b
DEELZbRD,

D45y, BA & NAA L% FEIFCHEML KIS
WTDARBLRI, ZOBE, BEREOR LR
(20% LATF) (34l » o 2d, BHERAT - oA ciddEm e
9, FRC F ok IO H RORisssk 14 AMEBOMET
B ERE IR LI, ThbOfEINnG, LRIMNE
RO BT 5 = LBt & Lics, oy
(b BREAREE S 0% %, BA 1.0~10.0 mg/d 3 LU

long-term culture without transferring,

7-day preculture

3-day preculture

NAA 1.0 mg/é D#MAREEML DO 14 Bl i 5% 2%
HTHETHHEELDNRD, BEEMEI LD
&, AR E O RS TIEERHL O Th & B B
HWCBHET 5 & & 230 52358 IL19.83,4445) | = 4 4z D s
TG EBR ML D0BERD D EELDNS,

B2E AFABOEKRIMNEE

15 BEEmEH/PMIBOEE
T A %5 A DAEEDOIFRIT I\ Tk < D/ MUK
FEL T3, b O/ il o REaE A3 B FIH
TEHME D DI OWTHEIL T,

I BEEBRMMIROBECHIIF—Fov
(NAA, 1IBA, 2,4-D) $XUYA boA
= (BA) ORE

1. HE&EUH®R

(1) BT+ e R T R 2 32
ML T % T~BAFED T 2705 5 2 M (i # Y
—7 ¥ b ¥ 500) B 20 em RREEC R LT B aK
FBEOGIOID, A A Iz Ao oK ORI L T,
FO%, BHEHscm Y ED, BERSCESL
oo DUTT ¥ F b3 Y W GHAETE 1%, Tween 20



Table 4. Effect of growth regulators on callus and organ formation in culturing the
predeveloping lateral shoots in the head of asparagus spears under light
(after 14 weeks of culture).

Predeveloping 2nd lateral

lateral shoot 1st lateral branch branch Root formation callus formation
Percentage Percentage of Percentage Percentage Percentage Percentage
Growth regulator Length Thick- of explants Number explants with of explants of explants of explants of explants
ness* developing of fascicular developing developing  developing forming  size**
branches branches branches branches roots white roots callus
(cm) %) (%) (%) (%) ) (%)
None &) 1.8 1.0 63 8.1 61 60 0 0 16 0.1
NAA 10-5M (B) 15 1.0 44 25 25 0 41 10 69 2.3
IBA 10-5M © 2.7 1.2 64 4.9 44 33 29 7 43 0.7
2,4-D 10-5M D) 24 1.3 63 2.9 0 5 13 3 22 25
NAA 10-5M+BA 10-5M (F) 2.9 2.6 71 7.3 39 30 4 0 93 2.9
IBA 10-5M+BA 10-6M (F) 29 2.2 75 5.3 2% 33 0 0 79 26
2,4-D 10-5M+BA 10-M (G) 1.5 2.9 47 5.3 41 21 0 0 78 1.9
BA 10-¢M i3] 35 2.0 86 7.1 44 63 0 0 64 2.1

* Thickness was indexed as follows: 0, 2-3mm ; 1, about 5mm; 2, 5-10 mm ; 3, over 10 mm.
**  Callus size was indexed as follows: 0.1, trace growth; 0.5, as large as a rice grain; 1.0, as large as an Azuki bean; 2.0, as large as a
soybean ; 3.0, as large as a broad bean.

Table 5. Effect of growth regulators on callus and organ formation in culturing the
predeveloping lateral shoots in the head of asparagus spears under darkness
(after 14 weeks of culture).

Predeveloping “Tnd lateral

lateral shoot 1st lateral branch branch Root formation callus formation
Percentage Percentage of Percentage Percentage Percentage Percentage
Growth regulator Length Thick- of explants Number explants with of explants of explants of explants of explants
ness* developing of fascicular developing developing developing forming  size®*
branches branches  branches branches roots white roots  callus
(cm) (%) (%) (%) (%) (%) (%)
None (a) 1.3 1.0 28 16 0 ) 0 0 0 6 0.1
NAA10-M (b) 2.8 1.1 50 2.4 0 8 50 21 80 2.6
IBA 105M (c) 3.8 1.4 76 26 0 6 71 14 91 2.0
2,4-D 105M (d) 1.0 2.0 54 2.2 0 0 13 4 51 1.9
NAA 10-5M+BA 10-6M (e) 2.9 24 60 2.9 0 13 0 0 96 3.0
IBA 10-5M+BA 10-6M (1) 4.3 2.4 73 3.3 0 13 0 0 91 27
2,4-D 10-5M+BA 10-6M (g) 2.4 2.4 38 2.1 0 0 0 0 77 2.3
BA 10-5M (h) 33 2.1 85 3.6 0 47 5 0 80 22

*  Thickness was indexed as follows: 0, 2-3mm ; 1, about 5 mm ; 2, 5-10mm ; 3, over 10 mm.
*k  Callus size was indexed as follows: 0.1, trace growth; 0.5, as large as a rice grain; 1.0, as large as an Azuki bean® 2.0, as large as a
soybean ; 3.0, as large as a broad bean.
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PO 1 10 S5 MBI L C R IE R AT 70\ B K
ToTeDB, 5~10 mm O X /MMl A YD LD 5
bk & Uiz,

(2) HoFE: AR MSEHE L, va 7
o— 2 01M FFEDLEENGHELRML 20, pH
% 55 ICHIE L o, 0 FWCHIRIER 6 /¢ Az TINEL
W%, 100 mé =7 5 % 212 25 mé o5 L,
Ty R A THE U, WL 120°C, 1kg/em? T 15
ST otc. ERMHHEIEA -+ v ELTNAA
10-5 M, IBA (indole-3-butyric acid) 10-5M, 2,4-D (2,
4-dichlorophenoxyacetic acid) 10-5M Z# ¥ e, +
A b H4=vELTEBAIOSMuHWT, FhboD
HiZA o8 L b Table 4 @i 8 KA #kiT7c,

(3) Bragdefd: LRLONMUR E 1AERSDIZD 20T
DR L, 25°C THEEL 7o, Fadkefhix 4,000 Ix Wi (5
AT, 16 IR SBEEO 2 &R0, %X
I3 20 2% 40 ML) & L,

() AT R BRAEDAMA 2 M D 2 T L i
M, 1 RAMEIS LU 2 RPEEDREE, M ov 2 DIER,
Rosrfbic E@oW TR AT, 14 8RB IE L 4T
BT, WO oWTE Fig. 26 wWiRL TS,

2. #% 2

Q) NHEDFEE : FAAR DMK E—C T hiz
ERBET, N TEOWWHLD 1, 2 ROHEN
MELI, Tidbh, 1ERSEOFREIEAAL 1~2H
B oIRE D, BABEGENOKIZ4ABHETIZEA LIRS
7273, BA FRINX TR 6~8 8%  TRELS TV, 1R
SR OFEAENY, WPTEEEX T 14BEBE e L ki
ey, BEPTESERR CLE 2 8 DA 7 I oo (gl ek i
BONIEhole, 2WPHOFEE LR A~6HEND
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2 80p

g &—® BA 0 (M)
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Fig. 26. Effect of growth regulators on the for-
mation of white roots in culturing the
predeveloping lateral shoots in the head
of asparagus spears (after 12 weeks of
culture in Expt. 2).
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B O FIAFEFL Table 4, 5 © L k0T, W T
A,C, D, E, F, HIXT 185k, 2RO LN
BT, #0535t A, E, Ho 3R Tl /i 8ng m

o1, WX TO 1 R 0FAERE, LRMTYER
TEND a [T - 7o i3 AR & 3@ RO HE A
LR IA, FA RIS IRTIX X b i b b
Tehote, ¥10, 2WAEIZh X T47% 4L 7@ s
1%, b, c, e, IR ThTmiidbhiic &Y, a, b, g
K T4 B bhieh o to, Eotkikix, WXk
5 BA MR TR MR, FEDZE LR UMK
ETHA CREREST W, Fro, UFIX TR
NOHROENFEL, BRERTH L 0N Ehatc
A, BETE T A TEIROZOREERD b ed
YN

@) A Ao RPRGTNME O B < £
ELTHRDLRIeH, FEMN, EfrbifI o7, &
AR X o T M S v 28 Bbh a2 & b
Hotz, TOBRIA—+v v L BAOWHEHEML
X, i G Rz e s hie, LRANSESEREMD
A, a3 b v 2 DIRENMEL, A2 DERLS
-7 (Table 4, 5),

(3) Mosh: LELTA—F v v HIMRME TR
O ENERB BT (Table 4, 5), #+ —+ v v OFEEF]
ChB e, NAA & IBA # VR eHbRREL, ¥
o, ThBORKTRBIFTIR L 9 BT e T 72
BHhRTo, LU, 7 xmbFMEL EN
DEDE M o fohh, & — % v v BEERNEK T, BIFX
DVFRIT I\ T FHZAA TSI O FEH A B EER
RLcAaaREEIRL, Lirl, —BCBRORE IR
TR ChLiehs o 72,
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1. HR&ELUHE
BA % 0,107, 10-5M D 3B E L, it IBAD
0, 5x10-7, 10-6, 5x10-6, 10-5M o 5 F¥p - flAs >
Wi 15 KA I@ AT 2T 1 1 0% L Ak
OFEE L1z, ok, BB AT (5,000 1x, 16 ¥ H
) Toil,
2. % 82
AREBHTRTSTORC ST LR, 2 KL
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PN T DT ENH21DT, A—Fo v ¥4 A
1 =2 HlAEbED Z EAABORETIIFELV
DEFELLNT, KFEBTHV 72 BA X UIBA O %
ERIACEVTE, BV TH 2 OEEENE
Mmolc, o, BA SRINOBES O IBA 230 F 70k 5X
10-"M @ 2 X Tk 4 v RGN E L RO o 72,
ROSTEE LMl o KT Z o723, BA
10-7 33 TN 10-6 M & IBA 5X 106 35 L 08 10-5 M %41
IEHERE TH RN E -1 (Fig. 26), FTiobb,
AFEEBOTE N TIL BA10-"M TH 5840 IBA 5X
10-6 F 703 10 M IR B W THROGEEN E L, 4 —+
vy BRDE 5 NFERSRAFCH - i T ofsR &
EAPL SEAT—R L e o T,

F2E EEFAMOEE

MU DR TR L, MUK DR & D L
WEAT -7, Mok, HilT 5 X REHMEOK E 2iTow-
ThEEI L7,

1 EBRLIHEE 05mm) OB FICHEITEZA—-F2
v (NAA, 1BA) $ KUY S bH4a= (BA)
DEE )

1. HEBEUHE

(1) Bkl . BEOIEHFI 5 em 258 238 1
1 D4 L FBEOHETHRSCHE LD, b AKNIE
FHEL CUMIEYTO L, 2F¥ i, Fhbe2FEY
PR L, WHEREES + Y v LT 10 3EIRE L TR
TR A AT - 720 HBHICHEE P TIREEA R Ay C T
Wentcndb, Dhh vy Eetw A ERIBRME T T/
S DAL TEE HE Y 0.5 mm 178 % L 58]0 it » CHE
FTLic,

(2)  FEph o> PSL  fEHEE T MURASHIGE & SKOOG
DM (19628 TRt -THRM L fo, Fhe, € 21V,
T2 Wk, FOBOEIITOVTiL MURASHIGE &
SK00G DF® 12 LB Table 6 iRkTHELRINZ 72
(NAA X004 2 F v &), ML IER 3 &%
I SNTIE BA % 0, 5X10-8, 10~7, 5xX10-7M 0 4
BHErL, chied—+vv e L TIBALO-6M &
NAA 10-5M »#ladieic 8 X &5 (Fig. 27),
pH X 55178 L, XK 6 g/f IRmMEIMEVAREL, 20X
120 mm OFEEFC 10 mé o5 LT,

() Hefbgepr: B0 XEMHRE 188H720 1
fAFDEH L, 25°C THARL 7o, Jadef- 2 WAAT (1,000 1x,
I6RFMAE) & L7

Table 6. Nutrient medium composition

(mg/£)

MURASHIGE
& SKOO0G, 1962

Ingredients

Inorganic constituents

Organic constituents

NAA 0.3
Kinetin 0.1
Thiamine-HCl 1.0
Pyridoxine-HCL 5.0
Nicotinic acid 5.0
Myo-inositol 100.0
Adenine sulfate dihydrate 40.0
Sucrose 25,000.0

Other supplements

Difco Bacto malt extract 500.0
N8H2P04'H20 170.0
Difco Bacto agar 6,000.0
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Fig. 27. Effect of growth regulators on shoot
formation in culturing the 0.5 mm-length
apices excised from the predeveloping
lateral shoots in the head of asparagus
spears (after 12 weeks of culture).
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RoOREIEL TR, IBA10-¢M+BA 5%x10-7
M D X T ERFENE DIEHITI340F 100% OfHRH 2
BRI L7 (Fig. 27), #0 2EEE NAA HINK T
13 BA 7 5X10-"M DR LML 30% LT DMK T H
otz (Fig. 28), i, opftd A bh, H{bFix
NAA, IBA K & 4 BA SERMAYER EE ¢35 <, BA
PSRBT 10 B LR T AU b (Fig. 29),
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formation in culturing the 0.5 mm-length
apices excised from the predeveloping
lateral shoots in the head of asparagus
spears (after 12 weeks of culture).
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Fig. 29. Effect of growth regulators on root for-
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mation in culturing the 0.5 mm-length
apices excised from the predeveloping
lateral shoots in the head of asparagus
spears (after 12 weeks of culture).
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BUKTE T 2EEF RSB (Fig. 31), Rodic
LRk R 2 b o e RO LB BB b i,
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Fig. 30. Effect of growth regulators on shoot
growth in culturing the 2-3 mm-length
apices excised from the predeveloping
lateral shoots in the head of asparagus
spears (after 12 weeks of culture).
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Fig. 31. Effect of growth-regulators on root for-
mation in culturing the 2-3 mm-length
apices excised from the predeveloping
lateral shoots in the head of asparagus
spears (after 12 weeks of culture).

02mmiBEL L,

(2) HhoRB: 2R 21 & WD B 4 it
TR, AEHNWEL NAA 03 Mg/l & H 4+ F
v 0lmg/é ExHLAHETHERML 42, W33 ~CE
2EF2MI LML LI,

5x10-6 10-5

(3) Mgty Yo 4efhix, 500, 1,000, 5,000 1x ¥s
JOWERD 4K H T, FRIX25 MBI &L, |

(4) PREHDE: XORE, nvAOER, BRoLt

COWTIREXRT 270, Ik, HRLAWESIE2E
FIHLEFFETH S,
2. # 7

(1) Z0oRE: HELAASEBN 2102mm L&
Sictedh, RECTBERIET L0007 ) Abh
foo ZALD TR To AN A ERi 500 1x KT 80% &
&<, 5,000 1x [Tt 50% TR b €D o 7o (Table 7), 2&
DORB IR BB TTREDOh 2 LD Hot
73, 1058% A E TRERNRACEE - 70 (Fig. 32),
14 BHIT FoiF B EFEHEHIL 1,000 1x, 5001x X T <,
BRI L (&b ot ¥, ORIt
B &, 5,000 Ix TH D Hhr- TeaME X it 5,000 Ix K¢
24 h - 12 (Table 7), BEFHX OZIZBECHIRE A
L, ERoEANADLRL,

F7, WK TS 6 B®B I X v EEENRE L
A, IR TikBoebhikhol, LL, BEDTES
R HE D HZENT, 500lx KT L bhabh
TRETH -1,

@) HrAPRE: A RAEFREN TR TR
Shis, #v2OEFEEFEHMNREALET DL 0N

Table 7. Effect of light intensity on callus and organ formation in culturing
the 0.2 mm-length apices excised from the predeveloping lateral shoots
in the head of asparagus spears (after 14 weeks of culture).

. h i
Light Survival rate Shoot formation

intensity of explants Percentage of explants Number Length of Percentage of explants
developing shoots of shoots  developing cladophylls
(Ix) (%) " shoots {cm) (%
Dark 68 18 2.3 10.8 0
500 80 55 115 14.3 73
1,000 68 65 10.4 116 64
5,000 50 42 194 6.7 80
Root formation Callus formation
Percentage of explants Percentage of explants Number Length of  Percentage of . f
developing roots developing white roots of white white roots explants forming Slzﬁ o
%) % roots (cm) callus (%) callus
76 29 3.0 1.1 100 3.1
100 45 3.0 1.4 100 3.6
96 39 5.4 14 100 3.8
100 33 11.8 3.3 100 27

*: Callus size was indexed as follows: 0.1, trace growth; 05, as large as a rice grain; 1.0, as
large as an Azuki bean; 2.0, as large as a soybean; 3.0, as large as a broad bean.
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Fig. 32. Time course changes in shoot formation
in culturing the 0.2 mm-length apices
excised from the predeveloping lateral
shoots in the head of asparagus spears.
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Fig. 33. Time course changes in root formation
in culturing the 0.2 mm-length apices
excised from the predeveloping lateral
shoots in the head of asparagus spears.
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Fig. 34. Effect of growth regulators on shoot
formation in culturing 0.5 mm-length
apices excised from the stock shoots

(after 12 weeks of culture).
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Fig. 35. Effect of growth regulators on shoot
growth in culturing 0.5 mm-length apices
excised from the stock shoots (after 12

weeks of culture).
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Fig. 36. Effect of growth regulators on root for-
mation in culturing 0.5 mm-length apices
excised from the stock shoots (after 12
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Fig. 37. Effect of growth regulators on callus

formation in culturing 0.5 mm-length
apices from the stock shoots (after 12
weeks of culture).
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Fig. 38. Effect of sizes of apices on organ formation in culturing the apices
excised from the stock shoots (after 12 weeks of culture).
Table 8. Effect of the growth regulators and transferring on organ formation

in culturing 1cm-length shoot segments with a node excised from
the stock shoots (after 10 weeks of culture).

Conc of goowh Conc. of growth

e R G o e e o, s N o
e S e pre S s forming oo Slons foming o o

BA (M) IBA (M) (day) BA (M) IBA (M) (%) segment (cm) (%) segment (cm)
A — — — 0 10-6 90.0 5.3 7.8 0 — —
B 0 10-5 7 0 10-6 37.5 4.7 5.3 22.5 2.3 1.9
C 0 106 1 0 0 75.0 4.5 7.5 2.3 1.0 2.0
D (] 10-5 3 0 0 60.0 5.4 6.4 10.0 1.5 15
E 0 10-5 7 0 0 45.0 3.0 4.0 7.5 1.0 1.3
F 10-6 10-5 1 0 0 79.5 5.4 6.0 2.3 1.0 0.5
G 10-6 10-5 3 0 0 97.5 7.3 7.3 125 1.6 1.0
H 10-6 10-5 7 0 0 96.4 4.4 7.3 32.1 4.8 2.3
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Table 9. Concentrations of BA and NAA in
each medium in preculture before
transfer.

Mark of media

Growth

regulator A B c D E F
BA (M) 0 0 0 10-6 10-5  10-5
NAA (M) 0 10-8 10-6 10-5 10-5 5x10-5

W SEE DML DN TiE, AR B 1k Table 9
ikt X5 BA & NAA ##fla bt A~Fo 6
WH L, fiukl EREROIEAEE L, Thbolk
MWCT3H, 7THEX14 BMEEIREL DL, EER
A E A F i RS B L O R

Fio, MO, b ENOREER O
HERBEEFICHE 2 AA T, BRA T T st
UeX b g1,

(3) HEg&f:: LEOERN TR TR 1IAS

100 =

b 30 ET>, FEHESCE 5 BT DEEL, 25°C,
4,000 Ix, 16 W AROLE T CHERE T2, 1
[ dhte 0 MU B 55 (11 &34 & L7,

(4) W HIBEEIMEMUFEC L->TH
5T,

2. ¥ g2

ERIUBORBEGHL 1 oBE L iziERET, X
VEHEAL LERIB L D, BIT4~5 BRI Y Eh Fh
SACRBIIEE » 10, BRDEDRKE, HvAEHE,
e ou T oA L Fig. 39, 40, 41, 42 7R
TEEDTHD,

TN b AR AR EERIN OB I 2 A
A 75 Medium A (Fig. 39, 40, 41, 42 i |) # 4 %
L, BORBL0B T E LIy, IaBEE, B
SALEIL E LB D TEI o, RICNAA D Z Y
10-6M %L 7 Medium B (Fig. 39, 40, 41, 42 o
FEOFE) Tk, ZOREORFREIC 14 BEEEL
OB AER RN EERNOBIF S B L 2K Tk

100 Medium D

Medium A __/_“oﬂ
/o——o——-o —A
O ]
50 | sl /
o —0
[}
0 | S— 1 1 N - 1 0 -l s A 1
6 8 11 u 6 8 11 ¢
100 " 100 o :
[ Medium B [ Medium E
— .——-.::’
5
A —a
£ o
& —_—0
W SO 50r O
i & o//
£ [ ] e Q0
3
: { ya
2 ¢}
v AU LY @
‘;: 6 8 1 14 & 8 11 14
g
s
00" NMedium C WT Medium )*
A4
50| / -9 sk
o_/o———o'/O
ol ol
— i L L L
6 8 11 14
Culture period after the beginning preculture (weeks)

Fig. 39. Effect of the growth regulators and transferring on shoot
formation in culturing 7 mm-length segments with a node
excised from the stock shoots.
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Fig. 40. Effect of the growth regulators and transferring on callus
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excised from stock shoots.
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Fig. 41. Effect of the growth regulators and tranferring on root
formation in culturing 7 mm-length segmenth with a node
excised from the stock shoots.
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Fig. 42. Effect of the growth regulators and transferring on the shoot

and root formation in culturing 7 mm-length segments with a
node excised from the stock shoots.
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Fig. 46. Percentage of apices forming roots in
culturing apices excised from the stock
shoots of ‘MM-1’ after 12 weeks of cul-
ture.
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Summary

Studies on organogenesis of asparagus (Asparagus
officinalis L.) tissues and its utilization were carried
out through in vitro culture of various kinds of
tissues. In all experiments, the in vitro cultures
were practiced uniformly on a agar-solidified me-
dium under conditions of 25°C, 4,0001x (16-hour
day length) and pH 55. Results of the experime-
nts are as follows.

1. Segments with a node, excised from a pri-
mary shoots of seedlings, were cultured on a agar-
solidified medium containing MS medium 2%
sucrose, 0, 0.001, 001, 0.1, 1.0 and 10.0 mg/¢é NAA
in the light or dark. Results obtained are sum-
marized as follows: (1) All shoots emerged on
the nodes. On the media without growth regula-
tors and with low concentrations of NAA, rates
of segments developing shoots were 90 to 100% in
both the light and the dark. Numbers of shoots
formed were comparatively large with 0.1 mg/{
NAA combined with 0.1 mg/f BA. An average
shoot length was large at 0.001 mg/f{ of NAA in
the light, and at 0.01 mg/¢ of NAA in the dark.
High concentrations of BA increased shoot thick-
ness in both the light and the dark. (2) Two kinds
of roots were differentiated : one was a white, long
and storage root-like root on a node; the other
was a semitransparent root redifferentiated on a
callus. The former was observed at none or low
concentrations of growth regulators in the light,
while the latter was seen with 0.01-1.0 mg/¢ NAA
combined with 1.0 mg/¢ BA in both the light and
the dark. (3) Additions of 0.1-10.0 mg/¢ NAA with

BA gave high shoot formation rates (90-100%).
Callus formation was induced by additions of BA
alone. (4) In the culture of shoot segments with
a node, shoots emerged from the node, and the
cultures with a storage root-like root made a
crown to became an intact plant.

2. Results in culturing internodal segments
(Lem in length) of seedling first shoots on agar-
solidified media containing MS medium and growth
regulators at 25°C in the dark are as follows: (1)
The combined additions of NAA and BA and a
single addition of NAA enhanced vigorous callus
growth. In this case, an optimal concentration of
NAA for callus growth was determined depending
on whether BA was added to the media or not.
A single addition of 0.1 mg/¢ NAA or combined
additions of 0.1-10.0 mg/¢ BA and 1.0 mg/¢ NAA
give rise to vigorous callus formation. (2) Root
differentiation was good, when none and low con-
centrations (0, 0.1 mg/#) of BA were added in com-
bination with 0.1 or 1.0 mg/¢ of NAA. Root differ-
entiation rates were the highest at 0.1 mg/¢ of
NAA combined with no BA, and at 1.0 mg/¢ of
NAA with 0.1 mg/f of BA. (3) Rates of the cul-
tures that differentiated shoots were high at 0.1
and 1.0 mg/4 of both BA and NAA in the dark,
and at 0.1-10.0 mg/¢ of BA combined with 0.1 or
1.0 mg/é of NAA in the light. The optimal con-
centration of NAA was 1.0 mg/é regardless of BA
concentrations. (4) In this experiment, rates of
cultures with roots were higher with NAA than
with 2,4-D. (5) Both roots- and shoots rediffer-
entiated on the calluses. The highest rate of cul-
tures developing plantlets was obtained at 0.1 mg/¢
of BA and 10mg/é of NAA. (6) When results
of the experiment in the light were compared
with those of the experiment in the dark, hardly
any differences existed in callus growth and organ
formation, except that only in the cultures in the
light, shoot formation was observed at 10.0 mg/¢
of BA.

3. To examine the effect of sugar added to
media, nodal segments excised from seedling
shoots were cultured on agar-solidified media
containing MS medium, 1.0 m/¢ NAA, 0.1 mg/¢{ BA
and 0, 2, 4, 8 and 16% of sugars (sucrose, glucose
and fructose). Results obtained are as follows:
(1) One to four percents of the three kinds of
sugars gave the highest percentage (90-100%) of
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segments with callus. Within the range of 0-8%
of the sugars, the percentages of segments pro-
ducing calluses increased with the increase of the
sugar concentrations. Callus formation was slightly
observed at 16% of the sugars. (2) Callus growth
was vigorous at 2-49% of the concentrations of
each sugar used, and showed a decline at 1, 8, and
16% of it. Differences in callus growth were rec-
ognized among the three sugars. (3) Two percent
of the each sugar gave the highest rate of shoot-
differentiating cultures, and the largest average
shoot number per culture. Shoot differentiation
showed hardly any differences among the three
sugars. (4) Differentiation rates and average num-
ber of the roots were the highest at 4% of the
sugars, and an optimal concentration of the sugar
for root differentiation were higher than those for
shoot differentiation. Semitransparent, thin and
short roots differentiated at low concentrations of
the sugars, while thick and long roots emerged at
high concentrations of the sugars.

4. Experiments, which examined the effects of
varying pH in culturing the internodal segments
of seedling shoots and the disk-shaped pith tissues
of spears, showed that in case of the two kinds
of plant materials, a range of optimal pH was
considerably wide. Callus formation was observed
at pH 3.0-8.0; root differentiation, at pH 3.0-6.5;
shoot differentiation, at pH 3.0-6.0.

5. Internodal segments of the first shoot of
seedlings were aseptically cultured in a liquid
medium containing MS medium, 2% sucrose, single
or combined NAA and BA for 3, 7, and 14 days,
and were transferred onto agar-solidified media
without growth regulators. Results are as follows:
(1) Callus formation was observed in treatments
with 0.1-10.0 mg/¢ NAA. An enhancing of the
effect of transfer on callus growth were not recog-
aized, because callus growth was best in a treat-
ment without transfer. Callus grew most vigor-
ously with 1.0mg/¢ BA and 1.0 mg/¢ NAA. (2) Root
redifferentiation was induced in all treatments
with callus formation, and rates of cultures with
roots related closely to the presence or absence
of NAA and BA. The enhancing effects of the
transfer on root differentiation depended on the
presence or absence of BA and NAA in the media
of primary cultures. Rates of cultures with roots

were high in the following three treatments: the

transfer after 3-day culture on media with 1.0
mg/¢ BA and 10.0 mg/{ NAA, the transfer after
14-day culture with 1.0 mg/¢ BA and 1.0mg/¢ NAA,
the continuous culture with 0.1 mg/¢ NAA alone.
(3) Shoot redifferentiation was excellent, when the
transfer was made after 14-day culture with 1.0 or
10.0 mg/¢ BA and 1.0 mg/¢ NAA. Rates of cultures
differentiating shoots and roots were the highest
with transfera after 14-day culture with 1.0 mg/é
BA and 1.0 mg/¢ NAA.

6. The following explants were cultured asepti-
cally: small lateral shoots and apices of small
The media used contained MS
medium, 0.1 M sucrose, growth regulators (NAA,
IBA, 2,4-D and IAA of auxins; BA of cytokinins;
added singly or in combination depending on the

lateral shoots.

experiments) and 0.7% agar. The cultures were
kept at 25°C in the light (500-5,000 lx, 16-hour day
length) or in the dark. (1) The two kinds of
explants showed shoot development, root diffe-
rentiation and plantlet regeneration. (2) The high-
est rate of cultures developing shoots and diffe-
rentiating roots was obtained in the culture of
apices of small lateral shoots in a spear head. (3)
When small lateral shoots in spear heads were
cultured, many shoots (corresponding to a lateral
shoot in formation) emerged in a rossete form. It
is considered that nodal segments are useful as
primary plant materials to multiply a clone, be-
cause they have many nodes. (4) Auxins for shoot
emergence were optimum at low concentrations,
when they were added singly, and occasionally had
an inhibitly effect at a high concentration of
10-¢M. Combined additions of 10-7 M-10-¢ M BA
and auxins made survival rates of cultures high,
and enhanced the shoot emergence. High concen-
trations (more than 10-5 M) of BA inhibited shoot
elongation and resulted in shoot deformation. (5)
IBA and NAA were more effective inr oot differe-
ntiation than the other auxins (IAA and 2,4-D)
used in these experiments. Additions of 10-6-10-5
M of IBA and NAA were optimal in the differe-
ntiation of a storage root-like white root. (6) Re-
garding light conditions, shoot elongation was
viogrous in the dark, and root differentiation
showed no clear tendency in relation to the con-
ditions. In addition, on light conditions in cultur-
ing shoot apices, differentiation rates of cultures
with storage rootlike white roots were slightly
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high under 500 lx, and numbers of shoots and the
white roots were large under 5,000 1x.

7. Effects of growth regulators, segment size
and transfer on organogenesis were investigated
through culturing shoot apices and nodal segments,
which were excised from the shoots obtained by
culturing small lateral shoots of spears. Results
are as follows: (1) In an experiment, in which
shoot apices 0.5 mm in length were cultured, 5X
10-7-10-5M IBA and 5X10-7-10-6 M NAA enha-
nced shoot differentiation, and additions of 10-6-
10-5M IBA and 5X10-7-10-5M NAA made root
differentiation frequent. (2) A comparison was
run on the shoot apices, it was shown that shoot
elongation was rapid in large apices, whereas
root differentiation was frequent in smaller ones.
(3) In culture of nodal segments of the shoots,
transfer after immersion in liquid media containing
growth regulators (BA and IBA) enhanced the
differentiation and growth of organs such as shoot
and root. Percentages of explants inducing root
differentiation was highest, when the explants were
transferred onto a medium without growth regula-
tors after a 7-day immersion in liquid medium
containing 10-6M BA and 10-5M IBA. (4) As a
whole, root differentiation rates in transfer treat-
ment were higher than those in the treatment
without transfer, even when the segments were
transferred onto the medium with no growth re-
gulator, after immersion into liquid media contain-
ing BA and NAA. Rates of cultures with both
shoots and roots were more than 50% in the 14-
day immersion treatment in liquid media with
10-¢M BA and 10-5M NAA, and in the 3-, 7-, and
14-day immersion treatment with 10-5M BA and
5x10->M NAA. (5) Plantlets were regenerated
in the culture of the apices and nodal segments of
shoots of the cultures derived from small lateral
shoots of spear heads. From the results, it is
assumed that a clone can be propagated through

repetitions of in witro culture of the portions of

the cultures.

8. Survival of shoot tips {excised from small
lateral shoots of spears) frozen in liquid nitrogen
(—196°C) were investigated. (1) Optimal conditions
of a treatment of keeping the plant materials in
freezing solution were at 12-16% of DMSQ, at 3°C
and for 120 min. (2) An optimal prefreezing, which
was carried out at 16% of DMSQO, 0.5-1.0°C/min of
cooling rates and at —30°C of minimum freezing
temperature, gave a high survival rate (100%). (3)
From the fact that small tips (excised from lateral
shoots) survived freezing in liquid nitrogen, it was
confirmed that useful genetic resources of aspara-
gus could be freeze-preserved in liquid nitrogen.

9. The capability of tissue cultures (for vegeta-
tive propagation) of a supermale plant of aspara-
gus was investigated through culturing segments
of shoots formed from lateral shoots in spear
heads. Agar-solidified media used contained MS
medium, 2% sucrose and growth regulators (BA,
IBA and NAA). (1) In the culture of shoot spices,
rates of cultures differentiating shoots and roots
was high (about 40%) with 10-7M BA-+10-M
IBA and with 10-6M NAA alone. (2) The rates
of cultures differentiating both shoots and roots
were higher in nodal segments than in shoot
apices, and the cultures developed into plant-
lets. (3) From these results, it is considered that
a supermale plant of asparagus can be multiplied
through tissue culture.

From the results of this study, it is confirmed
that organs (shoots and roots) and plantlets can be
developed through in wvitro culture of various
segments excised from an asparagus plant, and that
these facts suggests the possibility of applying the
methods to freeze-preservation of useful genetic
resources or germplasms and to the in wvitro multi-
plication through tissue culture. In addition, it is
indicated that the in vitro culture systems establi-
shed in this study may be utilized in various

researches on asparagus.



