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SUMMARY

I . Title of the Project

Mass Production Technique of the Superior wakegi (Allium wakegi) by the

Application of Bioreactor

II. Objectives of the Study

Wakegi is by using bulb propagation. However, when it is cultivated, because
it’s multiplication rate is very low, they need lots of seed bulb. In order to supply
stable seed bulb, we need to establish technique of high quality seed production at
field and mass culture system through bioreactor and acquirement method of in
vitro shoots.

III. The Scope of the Study

A. Development of production technique for in vitro bulblet by using shoot

tip culture.

1) Induce of multiple shoots and disease—free stocks
a) In vitro virus free inducement of wakegi.
b) Production condition establishment of virus free plant by anti-virus
chemicals.
c) Effect of plant growth regulators on multiple shoot inducement

d) Effect of osmotic regulator on in vitro shoot vitrification of wakegi.



2) Rapid propagation of shoot tip and enlargement of in vitro bulb

a) Interaction of plant growth regulator and osmotic regulator on shoot
propagation of wakegi.

b) Rapid propagation of multiple shoot and buds through suspension culture.

¢) Effect of sucrose concentration and light condition on bulblet enlargement
in wakegi.

e) Effect of agar and auxin concentration on bulblet enlargement.

f) Effect of growth retardants on bulblet inducement and bulb formation in

wakegi.

3) Mass production of in vitro bulb
a) Study on optimal plant growth regulators and concentration for
embryogenic callus induction in wakegi.
b) Rapid redifferentiation induction of shoot tip through embryogenic callus in

wakegi.

B. Development of bioreactor system for mass production of wakegi

plantlets

1) Development of the bioreactor with the economical efficiency

a) Development of 15 L liquid bioreactor

b) Investigation of the reducing method of the culture contamination
(air, filtration)

c) Development of the air apparatus for air injection into the bioreactor from
the culture system

d) Development of the air apparatus for air injection into the bioreactor from
the compressor system

e) Development of the air apparatus for mass culture of wakegi plantlet

2) Development of the effective method for mass culture of the wakegi plantlet



in the 15 L bioreactor

a) Development of the mass cultue method of wakegi plantlets

b) Plantlet formation from the wakegi primordium cultured in the 15 L
bioreactor

c) Mass culture of the wakegi primordium under the light irradiation

d) Effect on the primordium growth of phytohormone

e) Effect on the primordium growth of the air injection strength

f) Chemical treatment for antivitrification

C. Field production technique of high quality seed bulb by using in vitro
bulblet

1) Systematized technique of greenhouse and field culture for acclimatization and
enlargement of in vitro bulblet.

a) Study on greenhouse culture condition for acclimatization of in vitro bulblet.

b) Establishment of growing seedling system and acclimatization process
2) Field performance test of virus free seed bulb

a) Field performance test of in vitro seed bulb cultured.

b) Comparison of emergence rate according to storage condition of seed bulb.

IV. Results and Possible Application of the Study

1. Results

A. Development of production technique for in vitro bulblet by using shoot

tip culture.

1) Induce of multiple shoots and disease—free stocks



Multiple shoots induction was increased when grown in MS medium
supplemented 2-ip concentration was increased. Shoot vitrification was suppressed
by osmotic regulator as sorbitol, PEG(MW,;8000), NaCl. Number of shoots were
increased by PEG concentration was increased. Virus—free stock production was

investigated when grown in MS medium supplement with 10mg/L ribavirin.

2) Mass production of multiple shoots and bulblet growth in vitro

Multiple shoot primordium formation were increased when grown in MS medium
supplemented 3mg/L 2-ip, 0.2M sorbitol, and 3% PEG(MW:8000).

Bulblet formation from scale segments culture was more at the culture in MS
medium supplemented with 9% sucrose, 0.9% gelite under 24h light illumination.
Bulblet diameter was highest at cultured on MS medium supplemented with
100mg/L C.C.C.

3) Mass proliferation of bulb

Highest rates of somatic embryogenesis resulted from apical meristem cultured
on MS medium supplemented with 0.5-1.0mg/L 24-D or picloram. Friable
embryogenic callus were induced from apical meristem cultured on MS medium
supplemented with  picloram. Plantlet regeneration was obtained when friable
embryogenic callus line #5 was transferred to MS medium supplemented with

1.0mg/L BA.

B. Development of bioreactor system for mass production of wakegi

plantlets

1) Development of the bioreactor with the economical efficiency
a) Development of 15 L liquid bioreactor
- Development of the bioreactor attached an vent and sparger system

prepared from the water bottle with a wide mouth

_10_



- Developement of various spargers for the efficient air injection.
b) Investigation of the reducing method of the culture contamination(air,
filtration)
- Development of an apparatus of air cleanup and sparger attached
membrane used for reducing contamination of bioreactor
c) Development of the air apparatus for air injection into the bioreactor from
the culture system
- Develpoment of an cheap and efficient appararus of air distribution to the
culture set
d) Development of the air apparatus for air injection into the bioreactor from
the compressor system

e) Development of the air apparatus for mass culture of wakegi plantlet

2) Development of the effective method for mass culture of the wakegi plantlet
in the 15 L bioreactor
a) Development of the mass cultue method of wakegi plantlets
- Establishment of liquid culture in 15 L bioreactor of wakegi primodia
b) Plantlet formation from the wakegi primordium cultured in the 15 L
bioreactor
- Observation of vigorous plantlet formation on agar medium of the
wakegi primodia cultured in 15 L bioreactor
c) Mass culture of the wakegi primordium under the light irradiation
- Investigation of the light irradiation effect on the wakegi growth
d) Effect on the primordium growth of phytohormone
- Investigation of the phytohormone effect on the wakegi growth
e) Effect on the primordium growth of the air injection strength

f) Chemical treatment for antivitrification

C. Field production technique of high quality seed bulb by using in vitro
bulblet

_11_



Wakegi was grown at plastic house to determine the effect of acclimatization
of in vitro bulblet, technique systematization of greenhouse and field culture for
bulb enlargement and performance test of virus—free seed bulb on the field
production technique of high quality seed bulb by using in vitro bulblet. The grow
and development of in vitro bulblet was very healthy at 25 C, 60 % shade, and
bottom watering in plastic tunnel culture. Whole plant is well on acclimitization by
using plug tray. There was no difference according to bed soil. Over 175 cm X
15 cm planting density and over 5 months of culture was good on seed bulb
production by using hydrophonic culture. There was no difference on emergence

rate of shoots according to storage condition in short storage of seed bulb.

2. Possible Application of the Study

1) Pratical application of the developed 15 L bioreactor
- We will apply to this 15 L biorector for culture of other plants.

2) Production and supply of the virus free wakegi
- We will produce the virus free wakegi plantlet and supply to farmer using
the developed 15 L bioreactor and continuously improve the bioreactor

system

_12_
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X
il

Stoly 2} MSH|A| o] 2-ip 1mg/L, phytagel 0.2%, sucrose 2%=

_24_



Zbsk wiAl & 71 & w2 2 3}al, sorbitol 47(0.1, 0.2, 0.3, 0.4M), PEGIMW 8000) 35~
(3, 6, 9%), NaCl 457F(0.2, 04, 0.6, .09%)A 2§+ vj=|o] ZT}o] FAS 1-2mm =
T
o FReE ARF O AAFY vee wmgewd zldgon FuHon A
g0 B4 A 249 A8 L £95 JEE FAH o Busgh

-02mm 7|2 AH3] MS 7| EH|A (22 R}

3% sucrose, 0.3% Phytagel, pH 58)& ®53% HEZ YA X3t A=
50071 o] & ‘l*&s}%’&tﬁ, 25C wjAol A 2477 FR2Ho R 4-65F Hgsd A

AL AW ABAD wEeGTh ofF ABA ARE Au AAstel Avjetn 7]

=
£o £AMBE A Be 4B A4S nsn om, wg s T AEA

A Futoly 2~ EARQI ribaviring LEsE2 HEA Hape] AKo] HojA= AT
< Bou, 10mg/L 5% AA Azg7t Srpsta, dwbdom dto] dojds
ol & 4 GATHE 1)
¥ 1. Ribavirino] 3} thilx A& wx= JF
Ribavirin Number of shoots Fresh weight Rooting
(mg/L) (ea) (g) (%)
0 52 b 0.34 abc 42.8
5 89 a 0.35 abc 63.1
10 7.7 ab 0.39 a 47.3
20 5.7 ab 0.30 bc 47.6
40 35 b 0.29 ¢ 152
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2) thAl Z(multiple shoots) f%o "X AdzdA e &}

MS 7]E 8] %] (phytagel 0.3%, sucrose 2%Z H7hel 2-ip(0.25, 0.5, 1, 2, 3mg/L)%}
BA, TDZ(1, 3mg/L)E %7}t wiAlel 1-2 mm A7|2 AH e Fto] AHS et
23, BASH TDZS 4% s=¢ BASRlel Ax=9 F7te AdxdAE H7bskA
o5 g9k Zbol7b gldth Wkl 2-ip A FolA= AA o] s Hlg 7]
F2EE dalzrt gAY, A2 Sk e vdd ez F7kske 3mg/L
oAl A ZzF7h 4Fwte] e 14707F HATHE 2).

71 Eut v kAl B FHst7E HlwA AetAl sk Zle] Sl glon,

4
BA2AA B FABEE QAT A Bah

yo X2

J
ol

¥ 2. %39 multiple shoots =9 " X&= AFZAA A2 a3

Number of Number of Length of Diameter of Fresh
Treatment

shoots roots shoots(cm) bulb(cm)  weight(g)
None 2.0b 3.0bcd 9.08ab 0.27d 0.12¢
2-1p 0.25mg/L 3.2b 6.6a 8.76abc 0.37bcd 0.25bc
2-1p 0.5mg/L 1.4b 5.8ab 9.98a 0.26d 0.12¢
2-1ip 1mg/L 6.2b 5.4abc 9.96a 0.44bcd 0.59ab
2-1ip 2mg/L 6.2b 4.8abc 6.98bcd 0.45bcd 0.30bc
2-1ip 3mg/L 14.0a 2.2dc 6.12cde 0.74a 0.80a
BA 1mg/L 2.6b 0.0d 6.06cde 0.30cd 0.09¢
BA 3mg/L 2.2b 0.0d 3.54ef 0.50a-d 0.33bc
TDZ 1mg/L 4.4b 1.0d 4.28def 0.56ab 0.31bc
TDZ 3mg/L 2.2b 0.8d 3.04f 0.53abc 0.28bc

st Aol mAE s dotr iz MSH)
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Ao 2-ip 1lmg/L, phytagel 0.2%, sucrose 2%=
(0.1, 0.2, 0.3, 0.4AM), PEG 3%
09%)o. 2 AHels wjAe Zuleo] HAE

sorbitol 4

A wAE VIEuA R
(3, 6, 9%), NaCl 4+(0.2, 04, 0.6,

1-2mm 372 ZEA XAsta 8] ks

FER A2E APAE L THE AR 2ASAY FRgE AEF O 4AF
o wgg MuGorn zAdgon, g Aure FY Fwy 270
3 9 FEs 4ue ANdon nudy
FEGEAA] Ael Rl weh AR 44 A Debd sorbitold] P9 %
w7b Zobeel we a%iﬂ gl oA HE Mo FRsts W dojuhs A B
AT Aol AaEe] xgo] Had ABEE AR o v ATRA] %
99, PEGSH NaCle] 49 Agd we Fwste] ojau Aze] ggels aAxe
2 Eeladty 59 dA9 we PEGE Aol dze 2A4E 2= 492
Ho] PEGE H7FstAl dlzoll Ha) 4u) oo tilx7t Srtstes 23dE Hol F
ATHGEE 3).
F 3 AFREAEAE U ERAAEA Az S B A A= 2
Treatment Number of Number of Length of Diameter of Eresh
shoots roots shoots(cm) bulb(cm)  weight(g)
control 4.3d 6.0a 10.26abc 0.50bc 0.42def
sorbitol  0.1M 3.3d 5.6a 12.81a 0.38cd 040def
sorbitol  0.2M 9.0bcd 6.5a 8.21b-e 0.51bc 0.54cde
sorbitol  0.3M 2.1d 6.3a 10.98ab 0.51bc 0.38def
sorbitol  0.4M 2.1d 3.0abc 5.73efg 0.50bc 0.21ef
PEG 3% 13.5abc 3.8ab 6.91d-g 0.63ab 1.01ab
PEG 6% 16.8ab 3.babc 3.66hg 0.72ab 0.93abc
PEG 9% 19.16a 3.0abc 4.0fgh 0.65ab 0.77a-d
NaCl 0.2% 6.0cd 1.6bc 7.01c-f 0.65ab 1.14a
NaCl 0.4% 5.8cd 5.3a 8.55b-e 0.66ab 0.69bcd
NaCl 0.8% 2.1d 3.0abc 9.53a-d 0.76a 0.72bcd
NaCl 1.6% 1.0d 0.0c 1.05a 0.15d 0.01f

« WAl MS7] Aol 2-ip 3mg/L 37}
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w
Ay

471 F554 2 7IHAB v
7h AR R Y

D &% Az A0 MAE A2 AEdEAA) 454 S

34 4943 432EA As Ansel FRE A A e
HEGRAAL Az FA0 2%H A4§2 s gol ouay An FaHh
B FEAE ENE TAYOR THAI] Askel MS 1BMAY 2-ipE Ak
aL o 7]el sorbitol(0, 0.1, 0.2, 0.4, 0.6M)Z PEGIMW 8000)(0, 1, 2, 3, 6, 9%)& =&
Aestel FRE AT AxFA] B A 24 A

2) A FE T3 Az F tpolA Y] & F4

MS 7] &2u)A] e 2-ip(0, 0.3, 1.0, 3mg/L), sorbitol(0.0, 0.1, 0.2, 0.3, 0.4M), PEG (0,
1, 3, 5%)5 717 g AAAE 250 ml flaskol]l 10ml¥ 738k thalz g )
A(MS 71E8)#], 3 mg/L 2-ip, 0.2M sorbitol, 3% PEG, Phytagel 0.3%, 3% sucrose,
pH 58)el A 353t viFete] thalx Pde] &ld 7IW Zute] 7|FE5 bmm 7=
ZebA flask F 57082 wol R3] F(110 rpm)stH wj Al FEi, AAF, 2

s M m g, cholAl 24 AR 9 ARSAY FHE 4EE 2 s

ofd

z7o] Zup A Hlglo] m X = G

23t Gl 2258 Az A% 2 AT Hlg WA= sucrose w5 2 B EHE
ol w okt MS Hj#o] NAA 0.Img/L, 0.2M sorbitol, 0.3% phytagelS 713 7] &
v Aol sucroseE 47FA ¥ %(3, 6, 9, 12%) 2 At i, 23 A ZE 3~4714 &
ghato] x4batdnh 24417 W s okl A wjeFsh Atr el WA= sucrose
oF F 231 9IS Ak

3) Sucrose & %

4

SAle TR/ 2 sEadE XA fste] MS 71EHlA] (9% sucrose, 0.2M
sorbitol, 2-ip Olmg/L 0.3% p-gel A7he] NAAS IAAE Z+ZF 05, 1.0mg/L #H7}3k
iAo iz FEw Zuto] #9475 3 ~ 4709 Axg2 B&ste] x4t

4) A F= B FAlo] Hub A wltje] vA = 9
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Az A fFeE 22 vgiet 7R FHEEE AAE ] 9% 3l vEE
dolr okt MS wiA[(9% sucrose, 0.2M sorbitol, 2-ip 0.lmg/L Z 7}l NAA<}
IAAE 7} 05mg/L M7bstar 342 0.3, 06, 0.9% = Aglste] 71U A< + HlY)

9 FHE 4EE 2

5) AFAAAZE &3 % clumpd] A = 2

Zake] 7l #=d —ff%ﬂi—rﬂ ZIW AT E&S =ol7] f8 AEAGA
AT/ R s Mgl el Zu A7 A = 2 FEA A= 9
S ARSI T MSHIA O 9% sucrose, 3% PEG, 0.2M sorbitol, 0.lmg/L. NAA,
0.3% phytagelS 7}t 7]&2u Ao, £33} Al 2E 3~4714 Fasto] X738k S o
MS dA wjAe] AEAGdAA CCC. ¢ ABAE 7t 35F (1.0, 10, 100mg/L<}k
0.05, 0.1, 1.0mg/L) A &lsR, boxd 10m¥ 35 Aoz 33 B3It 244]

-
oft:
o,
2,
=)
B
e

3%

o e gxzieAl wgsty Agudel m A= d%*@%“ﬂhﬂ TR vwe
FFE AT vl 9F F £9 clumpel 2% 2 FAA, BAFT & 24
ATk

. 243 4 a3

D &3 Az S vA= AGzdA et A FddA Y g

Aol dalx F4 A3 ABoAAN FHIE JAsty] Sl Hrre ARG A
] 282 o= zlo] SV wZel olE9 AR THE T

st MS 71Euj Ao 2-ipE H7Fsta ol 7)ol sorbitol(0, 0.1,

M)} PEGIMW 8000)(0, 1, 2, 3, 6, 9%)& XA glste] FHsE st
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F A4 AFEEEACY 71N S GA FREEk A, Az S 3 Al A

= aa
Treatment Dr Fresh

ol PEG Nusrggjtrs of ;ii%il(lcg) weight(A)  weight®)  B/A
(V) (%) (2) (2)
0 0 13.0ab 9.0ab 0.083ab 1.175a 14.13
0 3 16.5a 6.7a~d 0.058abc  0.720abc 1250
0 6 14.5ab 9.4a 0.06labc  0.462hc 754
0 9 12.2ab 9.0ab 0.041bc 0.284bc 6.86
0.2 0 11.3ab 8.5abc 0.099a 0.829abb 841
0.2 3 13.8ab 5.5cde 0.068abc  0.397bc 5.87
0.2 6 9.6ab 6.1b-e 0.040bc 0.173¢ 4.38
0.2 9 5.4ab 3.3ef 0.030bc 0.117c 3.87
04 0 4.0b 3.7def 0.06labc  0.291bc 4.79
04 3 1.3b 2.2f 0.034bc 0.126¢ 3.76
0.4 6 1.0b 2.3f 0.036bc 0.127c 3.58
0.4 9 L1b 1.5 0.029¢ 0.096¢ 3.32
0.6 0 1.0b 2.0f 0.060abc  0.256c 4.27
0.6 3 1.0b 1.9f 0.053abc  0.17lc 3.23
0.6 6 1.0b 2.1f 0.025¢ 0.074c 3.04
0.6 9 1.0b 1.7t 0.020c 0.070c 3.42

w W) A0 MS7] 2uj Aol 2-ip 3mg/L 7}

Sorbitol®] -t 02M FH7HAl Z7do] ZHAgh whde] Hejep 4l

Baow, AAsE & Aol vl Frket= Aol FIE AT PEGE 4ol

e , 5
£3,6,9% = REAA gzl us) 4AFel 34 SR FEAA
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o)t HHA Fe o] =Y A oA} Y kel 3% ¥R 44FE B
AHATLH 1 2. NaClS] ASE AzS Aol FTL AAT EAA fo
A HeHA gk, e5d nxEdAE 24 A4S 2 dAlsn Je Aow
T

e Ao

a9 2. PEG F=ol w2 Ax F7F 9F%FEEH PEGY FX: 0, 3, 6, 9%.(9A] :
MS + 3mg/L 2-ip, 0.2M sorbitol)
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S gazg aAgu e g

!
& Awsad sgov, oF Wiw W)

MS 7] &2n)A] e 2-ip(0, 0.3, 1.0, 3mg/L), sorbitol(0.0, 0.1, 0.2, 0.3, 0.4M), PEG (0,
1, 3, 5%)5 717 A AAmAE 250 ml flaskol]l 10ml¥ 38k thalz )
A(MS 71E8)#], 3 mg/L 2-ip, 0.2M sorbitol, 3% PEG, Phytagel 0.3%, 3% sucrose,
pH 58)el A 353t viFeto] thalx PAdeo] &ld 7Id Zuke] 7|F5 bmm 7| =
Zepa flask & 5 ¥ol &3 dud(110 rpm)etH tobAl S BxEE AE
sttt 2-ipE 3mg/L, 183l AFEHAZA sorbitolS 0.2M, PEGS000S 3% 37k

S AN G ARA Aot 2% 20AE FEFASE Aol FAHAo,

3) Sucrose % % #F 7ol Ful A H|gld wX &= Jgk
Zuto] A+ HE A sucrose & 2 F 2 TFHE Hg AFA sucrose

sol wel Aol Aol A elzb AT Ao M= sucrose®] &=t

S5
F e nsAgo oste] JegS womr 9% sucrose H7FE wjAol X]7F3E Z )
o] BEAE 24A17F WHjgst= Aol A9 Hldle] aRAAdS & AATHGE H).

9% sucrose F7be wjA| oA 8F7F HlGAl S-S FEHO] A FHEES &l T
F AU (2H 3).

Sucrose = W& 7| 3o S EAL 3% sucrose HE Al AMzg 23

HE 6).
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¥ 5. Sucrose & 2

% x7le] B3h AT ] )=

Sucrose Number of Length of Fr.esh Diameter of Rooting
%) shoots shoot weight bulb (%)
(ea) (mm) (g) (mm)
Light 3 15.7 32.2 14 3.6 59.2
6 10.6 26.2 1.1 3.8 37.0
9 7.3 20.4 0.8 4.0 22.2
12 4.7 13.9 0.5 3.3 74
Average 957 b 2251 a 0.95 a 3.67 a
Dark 3 149 384 1.2 3.1 76.9
6 10.8 23.6 0.8 3.2 30.7
9 9.6 17.8 0.7 3.4 62.9
12 11.3 16.3 0.6 3.7 40.7
Average 1165 a 2345 a 0.82 a 335 b
LSD 3.10 6.84 0.31 0.29
Light (L) * ns ns ok
Concentration (C) sk ok ok ns
L xC * ns ns ok

ns, **% Nonsignificant and significant at P =

0.05 or 0.01, respectively.

a9 3. 239 et B X(MS 9% sucrose, NAA 0.1mg/L, sorbitol 0.2M, 0.3%
phytageD) ol A 853t wjetd o] B
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¥ 6. Sucrose sk WE 7] Z3 v A% EA

Sucrose Number of Length of Fresh Diameter
shoots shoot weight of bulb
(%)

(ea) (mm) (g) (mm)

3 1528 a 350 a 131 a 335 b

6 10.66 b 243 b 094 b 3.50 ab

9 8.46 bc 183 ¢ 0.73 bc 373 a

12 8.05 ¢ 14.3 ¢ 0.56 ¢ 348 b

g
Zako] 24 Hldgle]l M A= F 2102 A Bul el wle Hake] A xS B
A FAel Aol FolArt JAAHAoH, A v B BAFT F7Hl= Zbol7t gl
3R 9).
A vt dxgdel 93-S A Fal SA19 SA4 Fee] ws g o] JEF
S WkEd(E 9 IAARYE NAAYZE 3409, Fx #AIgle]l sucrose 9%
A

A7he wjAlel NAA 05mg/L AelA 2 A4 7Hg 2 el

6) BGAAAZE F3 A x clumpd] A 2 D G Aol mA = G

A AAAZY 3 Tz clumpe] AT FE 2 G ZA WA= dFS FAF
St Az Nzxge F2ARY AE AAIAA FTFHA JEFS ko 242
A A BT FxAd e g3Fo] A GuYA] 354mm=z HEIUYA] 274mm HTF %
s

AAd. 283 G x clumpd AASTE AEAFAAAG Feol oF ws A
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F 73 w= F sS40l Hap A dle] v A= FF
Auxin Cone. of agar Number of Length of Frfesh Diameter Rooting
(mg/L) (%) shoots shoot weight of bulb (%)
(ea) (mm) (g) (mm)
NAA 05 0.3 119 18.3 0.52 2.73 14.8
0.6 12.0 16.3 0.45 2.82 14.8
0.9 111 13.2 0.41 3.66 194
Average 11.62 a 1563 a 0.46 a 293 a
IAA 05 0.3 8.4 12.9 0.34 2.73 185
0.6 12.3 125 0.39 2.80 25.9
0.9 14.2 14.7 0.46 3.53 194
Average 11.60 a 1243 b 0.39 a 3.02 a
LSD 291 2.96 0.09 0.68
Auxin (A) ns i ns ns
Concentration of Agar(C) ns ns ns *
AxC ns ns ns ns

ns, **x Nonsignificant and significant at P = 0.05 or 0.01, respectively.

=<

8 3 F=7F 71Ul F3k Ao Hldiel] m A=

o &

Concentration of agar(%)

Diameter of bulb(mm)

0.3

0.6

0.9

292 b

281 b

3.61 a
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£9 940 9 3 Bl wpe o] A7 g

Number of Length of Fresh  Diameter of

Light Auxin shoots shoot weight bulb RO(())ting
(mg/L) (ea) (mm) (g) (mm) (%)
Light NAA 05 7.1 14.6 04 3.3 25.9
1.0 56 154 0.3 2.8 11.1
IAA 05 6.1 11.2 04 2.9 55
1.0 6.4 12.5 05 2.9 7.4
Average 6.29 b 1272 b 0.38 a 2.96 a
Dark NAA 05 9.2 24.5 0.4 3.6 40.7
1.0 10.2 31.7 0.6 3.0 19.2
IAA 05 8.4 27.1 04 2.7 25.9
1.0 10.5 26.8 0.6 2.9 3.7
Average 954 a 26.74 a 050 a 3.05 a
LSD 3.26 5.33 0.22 0.43
Light (L) ok ok ns ns
Auxin (A) ns ns ns *
Concentration (C) ns ns ns *
Lx A ns ns ns ns
AxC ns ns ns ok
LxC ns ns ns ns
LxAxC ns ns ns ns

ns, **% Nonsignificant and significant at P = 0.05 or 0.01, respectively.

E 10 34 2 FEel }E AW Buke] A wehe] vAE

Auxin  (mg/L) Diameter of bulb(mm)
NAA 0.5 3.32 a
1.0 2.97 ab
TAA 0.5 2716 b
1.0 2.98 ab
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1L A AA 2 G 0] Zut clump®] ATREAE B T Hlide] mA = G

Number of Length of Fresh Diameter of

Light (Egi{:) Sf(loots shoot weight bulb
ea) (mm) (g) (mm)
Light C.C.C. 1 17.0 30.0 0.8 2.6
10 14.3 21.7 1.1 3.2
100 16.7 27.2 14 3.2
ABA 0.05 15.0 30.0 1.0 2.2
0.1 10.5 26.0 1.0 2.6
1.0 9.4 24.1 0.9 2.6
Average 13.82 a 2747 b 101 a 275 a
Dark  C.C.C. 1 151 36.2 0.8 2.9
10 17.2 33.3 1.0 3.1
100 164 40.8 1.2 3.6
ABA 0.05 11.3 33.3 0.8 2.9
0.1 114 33.0 1.0 2.9
1.0 9.5 36.0 0.8 2.9
Average 1350 a 3543 a 094 a 3.07 a
LSD 1.63 2.90 0.12 0.36
Light (L) ns ok ns ns
PGR (A) ok ns * *
Concentration (C) ns ns * ns
LxP ns ns ns ns
LxC ns ns ns ns
PxC ns ns * ns
LxPxC ns ns ns ns

“ plant growth retardant

ns, *#**% Nonsignificant and significant at P = 0.05 or 0.01, respectively.
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i

5

a9 4 B AA 324 A o] % 35 wigF H9b clumpe] TEA R A

(Ar C.C.C. 100mg/L, & ®i<F , B: C.C.C. 100mg/L, 24417t W wj<F)

%3} clump®] A7 vlel WA= e Al 9@ CCC. 100mg/L A ¢
Al A7 343mmE thE A g el vlE] g ¢5Ekdth ABAE AE sl T
Zbl = et Hab thalze] At didie] g el YIATHE 12). ol vhEe] Y
W S kel A Aol AT A4S dEhich

F 12, ARAAA FF R w=ol wE VIl F3ke) At Hdiel] mAl= dF

PGR”  (mg/L) Diameter of bulb(mm)
cccC. 1 275 b
10 3.16 ab
100 343 a
ABA 0.05 258 b
0.1 278 b
1.0 276 b

Zplant growth retardant
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4. 71 A7 WFAA
7h AR R Y

1) Zake] AAzu) 2 Ao fF=5 93 A4 AFxEA 2 v= 7

Zake]l i F&% diF NS 93 AAEw] Ae2f=E fldte] 24-D,
picloram, dicamba® MS 7]¥uj=]el] ZzF 0.25, 0.5, 1.0, 2.0mg/L %7}5}1 %3} 9]
B F9E oF 3mm A7]= 22t Al 4 AW callus =S, WA 2

U fEE R AEA AR S 2ASYG.

2) Z3h AAE Az MFS FH 78 29

Z5t QAN FED AMEN A2ZYE FE OF B 297 FE v
A% cytokine 5 2 FES wash AL Aelx oA ALH $HL 24T

Atk MSHIA] o 3% PEGMW 8000), 0.2M sorbitol, 3% sucrose, 0.5% phytagel=
A7ve wiAlel BAC 2-ipE 2t 37FA] $%(0.1, 0.5, 1.0mg/L)= A 2] s} T}
AAE v T A= MS Hix|o] 24-D %=+ piclorame] Z+ 05mg/L 3
iAol A FefE o™ auxinel Wt @] Fe¥ AHsE 474 sd3 F
auxine] 7k MS 4A wiA oA A&ujgstder. I&u G 355 auxin® &
0.1lmg/LZ @31 25 HA o2 43] Aga)Sshsict.
b A A ER] B2 cell 211> MS HA| Hjx]e] 17Ut pre-culture § Zel~

dolgl & w22 ZA Hol(pl ~2mm), °F 10mls Aol 533t

3. 2% ¢ uF

1) Z3+e] A|AEH] A Ay s 5 93 AA A4 @ =5 1y
Zate] Y w& o RS AT AAdEE Aez2fEE st 24-D,
picloram, dicambaZ MS 7] Eujx|o] H7}3}ar, Zuto] AAxu] LA A2 F= A

L5 ZARFA YR 13). 24-De}F picloram A2l Froll A 5573 vl Al A%

=
Fujell A a7E S7kete] Rt HS #EE = Aoy, ol HEste] U
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vzl el Aljufate] dAwn|Adow A= A 24-D ¢ picloram fr e =9 3 H]
A zpol7b AAJTH 1™ 5. A, B, C

24-D e Z¥se Fa 293 gE(2" 5 B, D)E YWERHRLAL, o] whe)
picloram fr#ff AelxE 23 ddd FEHE YEddn. 2AYs fR= 24-D ¢
picloram 25 05mg/Loldelr dAEAR e, 1.0meg/LoA Ae]~ H27F 25}
24-D ¢} picloramol A 28 A2 AFZEAZ H7MEA &2 mixol A AR
35 frEster (29 5. E F), Ax7F dAsts S dgoen Huke] g@s
21 Qg AAMEn BA callus7t =

F5 AAEe T A S-S 9 ujA] A H &A% AESES Eo]7]
& A I

A A Al Al 7ok v o

=

i 13 F3 AAE o) B4 callus = 9 BFEAA Aw

Callus weight Rating of induction callus

PGR (mg/L) per petridish (%)
(g)
2,4-D 0.25 1.05 b 23.3
0.5 2.09 a 67.5
1.0 193 a 100
2.0 168 a 95.8
Picloram 0.25 096 b 889
0.5 177 a 66.7
1.0 1.84 a 85.7
2.0 201 a 95.2
Dicamba 0.25 0c 0
0.5 0c 0
1.0 0c 0
2.0 0c 0
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a9 5. AFzEA 2 Zuto] tieddt FJE callus =9 A= SHA: picloram
1.0mg/L A2, B: 24-D 1.0mg/L *#, C: picloram 1.0mg/L * %], D: 24-D
1.0mg/L A, EF: &3 AAXa] 2A calluse| t}d3 &3 2
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2) Callus A &3}o] v x| += cytokininF o] <3
%35 24-D¢ picloram®. 2 7t7} fFEgh Ay As JEHEE O E BFS HolF
ATHZH 5. C, D). % 14 oA B uiel o] Ao FEd

o ARHAEE 27] AL FEA ASH S FF L As de] g gl

=
7} de& Feld £ Atk Piclorame® FxE3 Ay A gl e Azdao] 1257
Tk Ay gl Az 1 =¢ton WgS

%14 B3 AT Aels fFEA SA FRO BE AR A%

Origin of callus Line of callus  Number of shoots(ea) Rooting (%)
Picloram #3, #4, #5 125 a 46.2
2,4-D #1, #2, #2-1 13 b 52.3

f
o
i
W
L
v
>
(@]
@,

Aol E7Id o] T Bl ko] mE Ax AESY REE EA
olo whzl A H3} HE=7F 2ol 7F YA o™, cytokinin F ol AHgle] FE}

A4F Azxg7t S7bete BFE BRAFAIZE 7). H3 #65 WY cell g4l
BA 1.0mg/L A2lAl 5370 A&x7F A&st dnoemn, ol FFAQd Bgow A

BEae ¥Ed 5 dAv(2d 8. B).
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m#1
- m#2
50 ¢ O# 2-1
O#3
40 m#4
S+ m#5
K{ 30 -
<l
20 .

10 |
O \D H
Control BA 01 BAO5 BA10 24p01 24p 0.5 2-ip1.0

YE=EHMAE| (mg/L)

a3 6. &3k AAE] Aelx cell ¥ AR} A=

a9 7 AEEAA 2 wE Hap A Ee] A gl# 5 cell line) ] AL 3He]

ZFol(Ar MS wi#], BF=dA F37F, B: MS w1+, BA 1.0mg/L #7H
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a7 8 Z3k A M) HA A ~# cell line)o] =97 AEst B Az FA

Al 24, Aol o7k Hube] thRuleF AlaF pE

1. A
Ao o, 53 AAA At JPNA AR sl AuA AN Ee
agol A suslel sl de, A t gl e W]

AESRDY
°=

e g
o oFqAE FS

[]
o SR A9EE A AdaaAE edeln o qaLe T
Qe dgAsdel Basl HEd, o A% AAMAET olEwW AW
= Az
= E'.

=
A e 8% sder adE 5 9l
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Az A vkl o] 83t AaEo] Ry vl th(Reub 1994, Stuart etc 1987, Xiaolig
1995).

?_
B WE s, adn 098 AEHN A oAl A4 BY B AR,

7}, 152 Bl & A uj kg 7)o st

zae] Ay Wdze]l HPHW AT AL Rl AujHow Ha
sheh. ek AEWMGIIE AFgstolok shd @Al AgHE ABWMII F el
ki3

A %
Nzl AR L kel Wl AT AA BET 5 ok WG] Ao @A
o ek B gt AA AFdA BuiEa = 02 AFTES 7

of olg Wld7|® WE Fol 152E o] wgele Hol mEow WA & Qi W
NzEe Awatndd sl
ey, @4 AHeHE ASES

callus %94 ujj ok o 7]_&0_6}

&3ttt

P77t W AFEe T4 vig hdstHA =
20 2b Alz~"l(1Y 10-A)S FFe g, Fard e
MEAZE (Y 10-B)S wEAT o] WE Al~"e ujr]e] s 1

o] 3tell Adlel A ¥(Z 4 12mm)& 77]7': A Zepj92)E F2sta AR E(4
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b aeHoE M NN Bstel FTE FHAZEN AFF] A
Fo 29 AEa) slekel B R 2%AE Adsdd. Fedie o
of Qi 2RAIY 11-A)9 A TR0 & ALddN 27 e Asy
o B/t @R BY 2 Aol wg vl Ak A7t A4 U £
UMY 9stel TEe] gt AFES gl 2naE Agatdse, 24
29 1-BR wEAY, 3719 942 Auser) dad Az @ 2480
¥ 11-C, D), 7he-dl P2el 3719 F4ol ofelq oAl Aedd Az ne ssn
g 2ag As(Y 1EF) 5 oad 29 ana Axde Agste] w]

;97, o
fuj

of Bz Atgsdut. A Feeo A= wEV|VF va BEsta, A 2 g4
o] AgolE 2z}t JhEdol wgEe] tha HAHE FEFS BT
U odE A A (air, filtration)

715 FH8te air-liftd o2 AMgEE 2 AS5T MdrE T4 23AE A
&t7] fste] delE FHEO felavAs 740 deE FERE d4% F v 4
4] membrane filter(0.2 im, Satorius)E F2sto] Lol M7z EQEA Fe
= A 2™ 12-A). 184 membrane filter?t o 2= A FHEHE 2719
BES W] ofEs] A&l Eol A Tl wrE ASE F de Ax"Ees F
st (1 12-B). & F71 s A = 2709 zEHdel =S Agste] 2502 W
+& A8t filteringdt R oW, thAl Sl AFEs AAsto] Fryake] dHE
AAA 5ol &7 TN s AAse] tAl d §7]E AdsteE dAH
Atk ol#A olTor FV|E At AlaHS AAFORAM FxY AR FEHE o
A= W27 (cooler)oll M T8t T Fe H23 & g Ao, ARHor
wFol, A 59 2¥9s =Y & AATh
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T : Ay 32
Cmstel el SEA A
e AAT 9= FEAIRE B gy AT Y

23 Al 8k cooler Al2=¥l3} dryer 2 filter system.
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3. A& H99 diFuSTE AL

7. Zsthel ol

e

7
Zao]l Fd MIAE ¢4 273 e wETIeA Hgste Foll 5F HAo R A
gufgFste] MEFE FASATHE 16-A). LA SR ZHoke] AHxd

wjFAd =5A7]7] EiA] AZEEE~3250mD el ¢4 FEF sk 47 1+
eSS FHA oY AmE AA AAMLEAE AASFANATH( LY 16-B). ol 55
e wjFrlel 15818 wFAE Hrbeta o 7lel AzrEet=a 2 E A E skl )
Fe A Ao Zno Axdollsoe]l gASHA AFde As #FE F 9

AH2d 16-0).

O
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. Ags=E A od Ay

Zako] Axdgolgle] F4E f8A wAE MSHIAIE 7]Z o2 ALgsgon, 2
= A=A 24-DE 01 mg/l H7tete] Aol s stHA AMZEAE FASAT
A2 BFEAAT Zake] AT vjdel vAE FEFES AR flske] auxinAdl B
AAel NAA, 24-D, IBA®} cytokininAl A HFZA A<l kineting Z3§*] gl ste] =+

el mA= 235 A 1 Ay 252 gxoR Ay A9 TRt
S/HETE 9o A Aol #REAoY, A o] AstE A P
BFxAA ) FErt F74EEE Fals A Yebgth Kinetin(0.1 mg/HE &

A zA ] Astdde] 254 v

S7HAZ A f-ele A
H7F B AAlH L Axgelge] Zert S7hE e 43S Uehddo mekbd 2
LA =52 HUuE kinetin 5 cytokininl 3E2ES E3AH = Aol AHY

S NZ2PYS AANE HFAR Aoz ARFAL

|
A3t 2F8H e Gl Fuho AErF v gEEA 232
A FrRE o Aow AEEHA W Kkinetind FEE

¢

AS Fo YA ST E FEYARANA A E =
embrane filter(0.2 mE HFTH o =2 Fsto] &

5
=
7l ko fEch B9 FUFE 05 10, 15, 20, 25, 30 bare] A= 247+ A

g X
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J[N'

gatditt. 15 L vi7]el HE 5 453 Agste] Huke] F79 T4 9 Hg S
A A3 wrlel FdEel wE Z Aol AAHA k. thRk 2.0 bar o]4de] A
Z1oll M= A o] wjE ol Frhste] 45 Foll wik7lel wolsl= A< °k°]
Aol wsiM 20% AR 9 gase]l Al AFFE
20>25>30 bar <co2 &7 FAAITE 245 28]H AEFEF
s BEd 5 “2}1‘:} uebA £ 15 L W7 E o

=
pE

0&# A

B}, Antivitrifications ¢ 3+ chemical *] 2]

VitrificationE 7] 9814 Sigma(A-0807)01 4 2 = antivitrifying agent EM2&
5 g/l A7bete] wi g A3 shootd] S S A77F v IPH= AFS KA
o, w3 AFE golgl AATE ATFA A Aol A oA AFdE Bt
(19 18).

% 18. Antivitrifying agent EM2 #7}ol] €3k &ulo] o wknf k.

=y

st S B 98 A ascorbic acidE 0.01 mM3E 7} iAo A = FEH 7}

[o5
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1. A4 4

zZ3-(Allium wakegi Araki)x=  3HAllium fistulosum L.)¢ E78  %3H(A
ascalonicum L.)& w3 oz a= Wy HE2A AT 2n=16°t. AF A2
s A delder FAVE FAHA ol FAMAES A Xeta ddow W
Aeted Au7igre] #ar Akl ok e gs)rt Ho] AldW & 2ol fEta
PR 7Y e AZolvh Zaauis 7l 9€el FhFate] o] Fal ol AA o] Fo
A oA FelE Q1o FAE ol FHd Eoith. =EA Foste 9% doy gt
715 Helste] AAdstA] gorng Huo] vAe o] Al7|o] FAgHE Q1A
3 o] FolA L St

YPuE H3 e R AFECA Aaste] ekt Asieh 1
WS o] Aol &5 st °

al
4 g Bom At P 4
}‘\_]:

T B2 - A ETA AP (Iwasa 1964, Tashiro 1984), €178 ¢ 4t
g3 FHAY 7 AWEZD Y sl v X & 9 (Yamazaki 5, 1995, 2001), =il 3k
o] Zy} AN Yo 1 x= AJ3F(Okubo 5, 1999; Yamazaki 5, 2000), & 31}2] ?_]76‘35‘
ol MAE 2xdE e g (Yamazaki &, 2003) 59 ATZAIIF Bux i JqA T
] Jolvp T AAtel #d A= A9 o] FoAAA Fa Yt
AT $EHSTE dZFANEY s AaSSHd Yodstaat 24w Gew A
2

CANRE, e, A

BN
4
=
o2
of\
-
1o
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o
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2. AT w3 L HgE 9% 24 2 XZAuIE AAF
b A2 2 uy

D 71dAT-2] +8ts A 244 =1 9

Sucrose 3%, 2ip 2 mg/L 1 1 phytagel 0.3%S H7F3F MSH| A (pH 5.8)0 Ao}
= MFAT 1623 A, 25+1Te] =R wgRd S =dsion, 7oA
A Al 2= 9% sucrose’b H7FE WA 2 & A 7T E B A T

1ol A v FAEAE RN Estettam A 15
5 el Al 52

FIF

=l & Ao Uitk 7 A EAe] Ass 9l

1E 1,0008] el 5237 HAAg 5 408 SHLEH ] AldH= A8 FEE
AV E 70, MERZ 10, A 10, Al&etolE 4, HelolE 6%)5 AH&3to] o] A5kl
Al =3k =4S flete] 2Ae ASAS o8, 15C, 25T, 35T= gt

=
=
(]

253
AGA L 40 Fe wohehgau] AQBY 2l A O 0% AT 1~
3AoR A9 AREe delddr. Bd SRS ARRFANSdq MAEERE
S g MRS S WHOR 80% ool $EAt RAYES sdglon 5%
29, BEAE 5 452AE A9

2) w3ahg §EAZY I

ANNA FE FRE HFAAN 2B 2 7 1FALT A8/0S AN F
MFEsIA AW FEE Adelel st Bo] R Aojulie. wWelol= 1000w
oo 5% A AEF F AGALD Agetgon, 2adel wdnE f7sh 7y
FABAL AL AA FF 5 E=she] 4% WAL 92 AER A

1k 2
B9 =AEG AH £ 490 2 2 AT 5 ASHEHE £33 457 Fo
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jgace]

o] 20 U E 3l W x=

AEE(%)

A A= (g)

z

Gt
mu..o
T

N

4

67

1.02
1.07
1.94

15.22
25.57

28.37

96
100

++

+++

o]
50

0

4 o

o

o] Aol
3=

3}

AFAEA Y Agrg AA

) O
T

[e23
L)

el

A

H] =

A7} A AT

bk el A

S

£
o] 43 o]ulo] 100% o}

T8 st ASHAA F

=]
=

FE FAE g8kl v

bom A=

S

[e3]
BA

R

o)

kg 20,

s

b o] SHA =

Ho

21).

A A= (g)

(cm)

¥

O

M

(cm)

¥

XO

N

3 Oh)

)

1.08
1.87

9.3 21
43

11.2

1.2
1.5

A & H-A A
J_?_

DB

1.06
1.46

8.8 2.2
8.4 3.2

1.1
1.3

) 2434 7]
l'j__
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& #3937 dh EFRou 2 AolE glo wAd EF A6 WHoEE 3

T 19. B4% Z20] o7 &shre] Ag Al

. . A A & (mg)
2% 99 923 = ¥ (me

-
Sh
A

(cm) (m) (ecm) "' (cm) o A9 %

E3 143 113 0.9 2.8 103 152 3.0 135 682 817

1 147 119 08 30 100 1562 3.0 147 677 824

a9 2 BERGHI =9 ¢ 2E

w4 2 2] 2~ (embryogenic callus)® HH 5% 7|0 2EA9 £3187] 2 4

d g ES AT BHon gew=e 408 FaEH] AFTEFES} A8
BEE AR A= i 209 2

3F &3 Fo F9 2o, x4, 9G] B A JATEES A8
S WA FHIEH)E o] &% A5B ORT thh Fou, 1 e FAAR



E 20, WA AU frol B #5HA AREA GF )

S 2% dzxA Az T4 g9 G 2= 2% A5 (g)
Y (em) (m (m (em) OB (em) OB (cm)

shoot bullb root

A% 1752 02a 20a 03a 36a 150a 20a 42a 03a 003a 0.02a
B 130b 0la 14b 02a 34a 112b 26a 29a 0.da 003a 0.04a

C 168ab 0la 20ab 03a 36a 133ab 22a 37a 02a 003a 003a

zZ
%

12
=

|=(ER~ @ HilolE : Bin|FglolE = 1:1:1, v/v/v)(15.5 cmx5 cm)
08 ZYIEHON(FERL @ HepolE | HuEgtolE = 1111, v/v/v)

408 ZHIEHo|(Hlo]AE 13)

N

A
B :
C:
Y Mean separation within columns by Duncan’s multiple range test at 5% level.

3. FHIT AAS AT TF AT A E

7h AR R 8

D 2AwgEe] TP 1A

FHET YA A T T ANREe AR st A0 MG
AdEEg 2elskel FaAu stAch ASE Felw=el FHe W 3em x H 21
cm x L

20 cm o931, Ao EG MpFeolE ¥ NERAE LLIVVWME 4
1AW= E 175 cm x 5 cm, 175 cm x 10 cm, 175 cm x 15 cm,
cm x 20 em® 20029 129 149 A AlEte] S AARFHGE 2DS F

5
Ao $EFHI AN ARE F AFINE 24
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MgSO,
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» EC: 2.3 mS/cm, pH: 6.5.
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4 219 %
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S A 1 28 AvidHE AEs] fste] 71l gFEE
ANRES delste] 570d 7hA A Ay a9 229k % 229 ek gl
A AN AR = AN D BAR] FAF o] M7} o] Foj XA GFka(1H
22, #), 5704 A Folof b8 7= WE AR (TH 22, F).

FoAul A7 LA = AR wel 2R Aol Ho] WA g
How Aol Aoty 22, ), 571Y A Fo] AFAHE BU(F 22) 2%
o= & Aol7b fllvh EF A -] wE Aol JJov EE ATl T

<ol 3g oo FHIUZF ¢A3] o] Fo] Mk Iy FAI T LS A3
Me AAYEE 175 x 15cm o)A 22 519 o4 Aujsts Ao] Fad Aoz B

A,

a9 22 2AMGE FAAN Y TG L 5AD F($) BaaA A $2 A4
A 175 x 5, 175 x 10, 175 x 15, 175 x 20cm)
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MG A

[e]
=

qaEe] we 4

el A

N

% (g/F)

(cm)

3.3b

24ab

45.8a"

5

175 x

43.8a 19b 3.7ab

175 x 10

46.3a 23ab 5.la
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