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(1) BB 0 20 cm BECR LIHE Y T
I DEIDIR D, R In X FoKEK CHE LI,
JEH# 5 cm ) b, BELICHEH L, 2V T
7 vFk i VIR 5ihERE 1%, Tween 20 M)
1045 AR U ORI & 7 fn o, WA Tl » 1t
5~10mm DE S /MUK LG IR b, BEME & Lic,
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SKOOG D% E\ -, Fhic sucrose 0.1 M LFTED
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25mlFONEL, 73 hA A TH Uk, BER 120°C,
1kg/em? T 15 5 HHT » 7o AEFREWE A -+ v
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Medium solidified
withTagar

In vitro culture

Fig. 1.

2nd lateral branch

1st lateral branch

Predeveloping

lateral shoot

<Mater jal tlsed)
for culture

Asparagus spear

Materials used for culture in Experiment 1 and 2, and designations

of lateral branches developed in culturing.
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(2) fEioodEE: EHEHIT MURASHIGE & SKOOG
DIF (1962) 1 Ly, = DI MURASHIGEW 04

Table 1. Nutrient medium composition

in Experiment 3

Mg/¢ medium

MURASHIGE
and SKOOG, 1962

Ingredients

Inorganic constituents

Organic constituents

NAA 0.3
Kinetin 0.1
Thiamine-HC} 1.0
Pyridoxine- HCI 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
NaH,PO,-H;O 170.0
Difco Bacto agar 6,000.0

Jie ey, Table L wimd+ B4 Mz, pH 2551
PR, EXOg/OHMEMBIML, 20120 mm D
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Table 2. 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 in Expt. 1).
Pi;?gf,;iei%[ggtg 1st lateral branch Zn‘;iriiglral Root formation callus formation
. . Pfercenltage Perclentage of Pegceritage F;’ercenltage Pfercenltage Pferceritage -
growth regulator - 1. | ol explants explants with |of explants| of explants of explants |of explants
Length ’Ir‘lf:chE developing Nﬁf‘::fgegf fascicular developing | developing developing forming  size**
branches branches branches roots white roots callus
o _f{cm) (%) . (%) (%) (%) (%) (%) o
None (A) 13 1.0 63 8.1 61 60 0 : 0 16 0.1
NAA 10-5M (B) 15 1.0 44 2.5 25 0 41 10 69 2.3
IBA 10-5M (C) 2.7 1.2 64 4.9 44 33 29 7 43 0.7
2, 4-D 10-5M (D) 2.4 1.3 63 29 0 5 13 3 22 25
NAA 10-M+BA 10-¢M (E) 2.9 2.6 71 7.3 39 30 4 0 93 2.9
IBA 10-5M+BA 10-¢M (F) 2.9 2.2 75 5.3 26 33 0 0 79 2.6
2,4-D 105M+BA 10-M (G) 1.5 2.9 47 53 41 21 0 0 78 1.9
BA 10-6M (H) 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 3. 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 in Expt. 1).
Undeveloped 2nd lateral 1‘

1st lateral branch

Root formation

callus formation

l, lateral shoot o _ _branch i
Percentage Percentage of Percentage‘ Percentage Percentage | Percentage
growth regulator Length Thick- of explants Number of explants with |of explants| of explants of explants |of explants
g 1CE" | developing blm eh fascicular developing | developing developing forming size**
’ ness branches ranches branches branches roots white roots callus
) cm) (%) (%) (%) (%) (%) (%)
None (a) 1.3 1.0 28 1.6 0 0 0 0 6 0.1
NAA 10-5M (b) 2.8 1.1 50 2.4 0 8 50 21 80 2.6
IBA 10-5M (c) 3.8 1.4 76 2.6 0 6 71 14 91 2.0
2, 4-D 10—5M (d) 10 2.0 54 2.2 0 0 13 4 51 1.9
NAA 10-5SM+BA 10-5M (e) 2.9 2.4 60 2.9 0 13 0 0 96 3.0
IBA 10-5M+BA 10-6M (f) 4.3 2.4 73 3.3 0 13 0 0 91 2.9
2,4-D10-M+BA 10-M(g) 2.4 24 38 2.1 Q 0 0 0 71 2.3
BA 10-5M (h) 3.3 2.1 85 36 0 47 5 0 80 2.2
* 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.
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BETHO0HE0 7D, BHKOELHERTHERD
EDREIFD b I » 1 (Fig. 2),

@) AAARBE: A AT BTN O G E
FEL L CHRBRIA, SR, L#Hd iR -7k,

Fig. 2. Growth and multiplication of shoots
in culturing the predeveloping lateral
shoots: usual (above) and fascicular
(below) shooting.

Fig. 3. Formation of white roots resembling
a storage root in culturing the prede-
veloping lateral shoots in the head of
asparagus spears.
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HELE -7 (Table 2, 3),

@) BosMb: TLLTH—F > v BEBMBEMK TR
DB B B e (Table 2, 3), A —F o v D fELE
BlicZn &, NAA & IBA %R THHbERIE <,
Fio, ZhHORTIRBERIX & 9 EEATK TR0 A
PERDOLN, MLy, 2 A ALLES LY
BE ORI S D » o’ o+ —F o v EMEINK Tk
K&, MR A T MUB DB SEHEFR LI
BB i@ Ihie Fig. 3, Lal, —RBORE
WIEE TR h - 12,
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VEHREEDL D ENAEORT I E L VWD EE
2bhd, KERTHG BA 3 LU IBA OEEEHEH
KECTL EBILE VR TH A RADERERNED - 12,
F1-, BA &ERMNKC IBA 250 #72115%10-"TM D 2
KT A v A2 HD LRk -1,

WoprE & U OMIRoETCE S - o, BA
10-7 s 8106 M & IBA5x10-6 35 X0 10-5M %
MG X THLERDI & » 1o (Fig. 4), Tiebb,
AREROFHEP T BA 10-7M © IBA 5x10-6 % %
Wi 105 M it B TIRO LR IIEL, A —F > vH
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Fig. 4. Effect of growth regulators on the
formation 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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Table 4. 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 in Expt. 3).
Light Survival rate| Shoot formation
intensity of explants | Percentage of explants Number Length of Percentage of explants
developing shoots of shoots developing cladophylls
(Ix) (%) o shoots (cm) (%)
Dark 68 18 2.3 10.8 0
500 80 b5 115 14.3 73
1,000 68 65 104 116 64
5,000 50 42 194 6.7 80
Root formation Callus formation
Percentage of explants Percentage of explants Number Length of | Percentage of size of
developing roots developing white roots of white white roots .explants forming ~ us*
o (%) roots (cm) | callus (%) calius
76 29 3.0 1.1 100 3.1
100 45 3.0 14 100 3.6
9% 39 5.4 14 100 38
100 33 11.8 3.3 100 2.7

* .

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.

BOBSHBEO I -1 RBR L OFBELELTLD
HEHE T Lisd o 72,
II. EXMB/MIBENOIOE LB OEE

FEA 3. ETRIMAL (02 mm) OEFCHIT IR

0} -3

(1) 20EFH: HIAALHEBN 7 02mm & /N &
Motetedd, REETCHRERIET LI h A
R, Tho TRV 7T A3 1 500 Ix [X € 80%
L4, 5,000 Ix R4t 50% T b AEH» -t (Table 4),
EXORFIHEB 2 WHRCT TITEDLhB Db b o1
P, 0BT A TRBERN R 2 HE -1 (Fig. 5),
14 % 51 5 ERE R, 1,0001x, 500 [x X G <,
BEFTRAIZE L B o, T, EOKREIREHTR A%
e <, 5,0001x THRHED o72p8K T 135,000 1x [X
TRRREA -t (Table 4), WX OZinA G CHIMH
NEL, EROEAAALRI,

Ffo, BT CIBEEE 6B T A X DEERED, 4
L7228, Xt bhish o, LL, FRE
D5l BRI SE VA DL R T, 50001k KT &
LHNIRBETH -1,

@) HAADHE: HARIEFHRET TS e
REht, AAA0BIRECEHMIRECYETHLD
& hot, Linl, BEPHOZ A3ZEOEAD LS

(%)
80

O—0 5,000 (1x)
*—® 1,000
a——b 500
Ak dark

6

Culture period  {weeks?

Time course changes in shoot {ormation
in culturing the 0.2 mm-length apices
excised from the predeveloping lateral
shoots in the head of asparagus spears
(in Expt. 3).

BRCEG 252 bbb ot, UBEOINADK &
LFEE 2.7 (5,000 1x)~3.8 (1,000 1x) TG 1T
VI IRDS D R s A R % IR LT W7o (Table 4),

(3) Bosft: BORBERAKELERI~AATH
CILE D, o 3R 108 %y bR iz
1002 & L7223, WEAT (D X) Tifio 3K L b b
HY, UMEKBCE > THH80% Th -7 (Fig. 6),

S LR B R (BUR) & AR Eok



o

8

B EERFNACEE F4E B1E

VIR (AER) frGFs o ERTERY, HEREZ S

LB CEWHRL LB E ST,

BEROSER 500 1x KTRHE L, HEK TR E

27z (Table 4),
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O~~0 5,100 i1x)
—S 1,010
8 &H—d S
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Vercentage of root formation

20k

Cuiture period { weeks

Fig. 6. 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
(in Expt. 3).

Fig. 7. Shoot and root formation from the
0.2 mm-length apices excised from
the predeveloping lateral shoots in
the head of asparagus spears (in
Expt. 3).
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Abhite (Fig. 7),

EEx 4. ETEEIER (0.5 mm) BHEICHITZERRE

MEOEELBEORE

EOREFIIERS OBFFTHE~E L CRIF T, IBA
10-§M+BA 510 -"M DX CERBEMNH513H4T
131¥ 100% OHEBHHEXH L1 (Fig. 8), #VLAH
Rz NAA EINECTELLEL, IBA mmME Tl
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Concentrations of BA - M

Fig. 8. Effect of growth regulators on shoot
formation in culturing the 0.5 mm-
length apices excised from the prede-
veloping lateral shoots in the head of
asparagus spears (after 12 weeks of
culture in Expt. 4).
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Fig. 9. Effect of growth regulators on callus
formation in culturing the 0.5 mm-
length apices excised from the prede-
veloping lateral shoots in the head of
asparagus spears (after 12 weeks of
culture in Expt. 4).
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Fig. 10. Effect of growth regulators on root
formation in culturing the 0.5 mm-
length apices excised from the prede-
veloping lateral shoots in the head
of asparagus spears (after 12 weeks
of culture in Expt. 4). ~

(cm)
10 F
&—@ BA 0 ()\)
8r O——C BA 1077
D—A BA HX107
6 -
1 ‘\./,—.———‘\.
[
| 1 . 1 }
0 5 X107 10-¢ SX10-8 10-3
Concentrations of IBA (M)
Fig. 11. Effect of growth regulators on shoot

growth in culturing the 2-3mm-
length apices excised from the prede-
veloping lateral shoots in the head
of asparagus spears (after 12 weeks
of culture in Expt. b).

BA 715x10~"M O LM 30% LTOBHERCH -
7z (Fig. 9), ¥7:, RoH5{EFRix NAA, IBA X -3
BA SERMHERE TEL, BA ARRETCS LET
TAHEANTD b hic (Fig. 10),

EE 5 2~3mm QOERIFMBBOILESE
XOREEGRIIML CEL, ZoMEIR BA HRC

Percentage of root-forming apices

(%)

80+ ® BA 0 (M)
O BA 1077
A BA 5X10-7
&0 F Root
~—~~ YVhite root
40 F
20 F
. & ---TTTEOT T
oL
—_ 1 ) I L ]
0 5X10-7 10-¢ 5X10-8 10-%
Concentrations of IBA (M)
Fig. 12. Effect of growth regulators on root

formation in culturing the 2-3 mm-
length apices excised from the prede-
veloping lateral shoots in the head
of asparagus spears (after 12 weeks
of culture in Expt. 5).

RIFTH o7 (Fig. 1), AU 0BEBEORE L R
BA B CIHEHEIIHER T B b ONb o, &
72, BA 235x10-"M DX Ciz3EM A i B HEMAFED
bhic,

BOSMei BA BEASE, 4 -~ VIBESEVE
TE % HEANRSL M (Fig. 12), RoPid i
Kot oBEEN AR osbbRBobhicd, Thb
DD b BA 10-7~5x10-7M, IBA 10-5M %k
MULRARETH D, M hOBELETRDL I,
7 ADTEFITR O LRI A — % o v DREHE
WX CRIFTH o7
1. EZEZOHEMOARESUCICHEABA OEE

FE 6. BEOHNLFMBLAOLE

Q) HBHOLLEMUBORE: F-—FYVRED
BV CRBER LB OWE ORGSR, HBA
L EEH & DM LB R BT ORMHRE T ABR
BB R, HERSR CEFE b i), ¥
PRAET DDA EFONMEEEL, 4 BROHAE
TREIRD LRI - 78, BifYIE T, NAA 10—+
M E%E TXNTOR TV OO cE O RH A
ZShte (Table 5, 6, Fig. 13), £OXEHFRA —F v v
BB 8 C — B BIFTh - 725, TAA TrrigsE
CXARERDEIASLHThD 0T, TRTDORY
BUTEREROR b E L -7DT IBA 10-5M+BA
10-5M (36%) Th - 7, MUK OHEG 5 & 4
BanrichEe, ChLERLVREELTL 5% HH)



Table 5. Effect of growth regulators on callus and organ formation in culturing the segments
with an undeveloped lateral bud sliced from the node-around portion in intermediate
part of asparagus spears {after 14 weeks of culture in Expt. 6).
Shoot formation Root formation Callus formation
Percentage Percentage Percentage  Percentage Percentage
Groweh regultor | of explarty Numer LeREh of of S numper of | Sfomplive of plans | of gl o
shoots branches roots white roots callus
M) (%) (cm) (%) (%) (%) (%)

None 7 29 3.8 2 6.0 0 0 52 0.3
NAA 10-7 16 1.7 4.5 8 76 0 0 48 1.1
NAA 106 9 1.7 1.3 3 8.0 15 12 91 2.6
NAA 10-5 7 2.0 5.5 2 3.0 28 7 100 2.2
NAA 10—* 0 0 0 0 0 5 0 73 0.7
IAA 10-7 20 1.3 4.1 13 78 0 0 40 1.0
TAA 10-6 29 1.5 5.8 14 7.8 0 0 36 0.9
TAA 105 21 2.3 4.9 9 157 0 0 67 1.2
TAA 10+ 17 2.0 44 11 21.0 3 3 42 1.0
I BA 107 27 4.6 5.3 10 77 0 0 37 0.7
IBA 10-6 17 1.3 5.6 13 7.0 4 0 70 0.7
I BA 10-5 9 2.7 9.3 9 6.3 19 16 81 1.8
IBA 10— 3 1.0 7.0 3 25.0 3 0 73 1.3
NAA 10-5+BA 10-6 6 1.0 0.3 0 0 54 11 92 3.9
ITAA 10-5+BA 106 22 4.0 7.2 14 76 24 22 70 2.8
IBA 10-5+BA 10-% 36 24 6.3 9 5.3 39 30 94 3.7

*: 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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Table 6. Effect of growth regulators on callus and organ formation in culturing the segments
without a node sliced from asparagus spears (after 14 weeks of culture in Expt. 6).
Shoot formation Root formation Callus formation
Percentage Percentage Percentage  Percentage Percentage
Growth segultor | of exphite  Nypier L OF Of SIS umber of | Of oplints of explnts | ol explonts e o
shoots of shoots branches branches roots white roots callus callus
M) (%) (cm) (%) (%) (%) (%)

None 0 0 — — — 0 0 55 1.0
NAA 107 0 0 — — — 0 0 72 1.8
NAA 10-8 0 0 — — — 14 11 89 2.7
NAA 10-5 0 0 _— — — 14 3 79 1.5
NAA 10— 0 0 — — — 13 0 87 1.6
TAA 10-7 0 0 — — — 5 0 70 0.6
IAA 10-¢ 0 0 — — — 0 0 63 10
TAA 10-5 0 0 — — — 0 0 76 24
I1AA 104 0 0 — — — 2 2 74 1.5
I BA 10-7 0 0 — — — 0 0 78 10
IBA 10-6 0 0 — — — 0 0 80 1.6
I BA 105 0 0 — -— — 12 8 81 2.7
I BA 10— 0 0 — — — 15 11 91 1.8
NAA 10-5+BA 106 0 0 — — —_ 64 17 100 49
ITAA 10-54+-BA 10-6 0 0 — — — 8 8 85 2.2
IBA 10-5+BA 10-8 0 0 — — — 46 3; 94 4.2

*. Callus size was indexed as follows: 0.1: trace growth, 0.5:

soybean, 3.0: as large as a broad bean.

as large as a rice grain, 1.0: as large as an Azuki bean, 2.0: as large as a
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Development of the lateral branch
in culturing the segments (5 mm in
thickness) with an undeveloped lat-
eral bud sliced from the node-around
portions in Intermediate part of as-
paragus spears.

Fig. 13.

Shoot and white root formation in
culturing the segments with an un-
developed lateral bud sliced from the
node-around portions in intermediate
part of asparagus spears.

F1~3KT, TORKZE2mmBEOCLONLL, &
HEDEI DRP T, T, A—F v VEEE (101 M)
DE TREDRERIIE, 51288, Vo ARBTSE
BERODEPSBE DS DHED 51,

2 AAADFE: H v AEBRK O LRI (-
) EEICHE X i, DAVATEER I ALAD
£Eix NAA ® IBA # 10°M CHEMBIBW 54§
L, ThoDd—F v vz BAI-SM #ing CHV-#-
BECHUCRIFTH -

(8) Bogb: ARFHYHEERME LA — 2 > v
10-7M D & 5 I{RBER TRz & A 9 Linss
st d—F v VA 10-~10~1 M DK E\Til,
HOBEERL CBOS{EAFTED S hic (Fig. 14), B

Percentage of callus and root formation

(%)

100 (
80 +
60 =
@—® Callus
10 O———0O White root
20
ol
L 1 I L i
0 10-7 5X10-7 10-¢ 5X10-8
Concentrations of BA (M)
Fig. 15. Effect of growth regulators on callus

and root formation in culturing the
segments with an undeveloped lateral
bud sliced from the node-around por-
tions in intermediate part of asparagus
spears (concentration of IBA : 5x10-6
M, after 12 weeks of culture in Expt.
.

D53 IAA X v NAA & IBA ORXHELCE
Motc, i, TAODA—F > VIZ BA RNz EH
MOBE L HFEBENEE - (Table 5, 6),

BER O bz IBA 10-5M+BA 10-5M 0K ¢
BbE <, HEER R T30%, MRty T
Hole Fi, PLAPLEMLLILERR IR NAA
10-5~10~4M DX & NAA 10-5M+BA 10-5M X ¢
E 2Py o

RERT. EEFWMUFOEECH (TS BALIBAD

BEBCDONT

FEORERIITNCORK T 0% §ik T, FH6.
B OBECIERD E s h E o 1, BA
10-6~5x10~6 M DR CI3 e LcZENKL ey, £F
NEBERANED BRI,

BOMEBRIIME L TES - 7245, BA BEDELIZS
PRRRROMEB B EAER L, i, 74 AHK
%, BA BEDOEZ I BR 5T (Fig. 15),
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5 RO B DAL OMBI LR L, ChrbEE
WHHEETEE SR LHETHY, b H—oir YANG
5192020 DB T BHIRT, T H LMK &
¥ELTEEOX (stock plants) ¥R 3%, £DED
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Summary

Three kinds of tissues were excised from as-
paragus young spears (20 cm in height): ie, small
predeveloping lateral shoots in a head, the apex of
the predeveloping lateral shoots and the segments
5mm in thickness with or without an undeveloped
lateral bud sliced from the middle portion of the
spears. These were asepticaly cultured in vitro to
obtain a fundamental knowledge for establishing
a vegetative propagation method of asparagus.

The media contained MS medium, 0.1 M sucrose,
auxins and cytokinin, and were solidified with
0.7% agar after pH adjustment of 55. The growth
regulators used were added separately or in com-
bination according to *he objectives of the experi-
ments.

The cultures were maintained at 25°C under

artificial light (500-5,000 1x with white fluorecent
lamps, 16-hour day length) or in the dark. The
results obtained are summarized as follows:

1. Shoot development and root differentiation
were recognized and some plantlets were obtained
in culturing three kinds of tissues used in the
present experiments. However, the sliced segments
without a bud alone showed no shoot differentia-
tion and could obtain no plantlet.

2. The percentage of the segments developing
both shoots and roots was highest in culturing
the apices of the predeveloping lateral shoots.
However, to establish an useful method for mass
propagation, further studies should be required in
connection with the formation of a rhizome.

3. In culturing the predeveloping shoots, many
shoots developed fasciculately on several cultures.
The node of such fascicular shoots may be used
as an useful material for multiplication of a clone.

4. Comparatively lower concentrations of the
auxins used separately provided a better develo-
pment of the shoots than higher concentrations of
those. High concentrations of 10-4M of auxins
sometimes inhibited shoot formation. Optimal
concentrations of BA combined with auxins made
survival rate higher and enhanced the development
of the shoots, whereas higher concentrations of BA
(over 10~5M) inhibited the growth of the shoots
and made them thick and deformed.

5. As to root differentiation, IBA and NAA
showed a slightly higher effectiveness among four
different auxins used in the present experiments.
In addition, 10-6 to 10-5M of auxins was better
in the differentiation of the white roots that resem-
bled a storage root.

6. With regard to light conditions, shoot deve-
lopment was better under light than in the dark,
while root differentiation showed no strict tend-
ency. In culturing the apices of the predeveloping
lateral shoots, percentage of a white root-differen-
tiating segments was slightly higher under lower
light intensity (500 1x), while number of both de-
veloping shoots and differentiating white roots
appeared to be large under high light intensity
(5,000 Ix).



