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Establishment of Cultivation System and High
Quality Production in Wasabia japonica
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SUMMARY

Subtitle I : Establishment of the Production System of High
Quality Seedlings in Wasabi

These experiments were carried out to examine the effect of explant
sources and plant growth regulators on callus induction, shoot formation,
somatic embryogenesis and plant regeneration. Hypocotyl, cotyledon, imma-
ture zygotic embryo, apical meristem, and node of flower stalk in Wasabia
Jjaponica were cultured on modified Murashige and Skoog’'s medium
supplemented with different concentration of auxins and cytokinins. In order
to establish of acclimatization system in vitro plantlets, shoots were cultured
on rooting medium(MS medium with 0.01 mg/L IBA) with 2% sucrose under
different PPFD{(photosynthetic photon flux density) in vessels added cap with
or without membrane filter or without sucrose in vessels added with or
without membrane filter. After the in vitro plantlets were acclimated for 60
days in 20C growth chamber, seedlings were cultivated in experimental field
of 450m altitude. Also, after the crossing seeds of the cultivar 'Ulreung’( %)
X ‘Dalma’($) were harvested, immature embryos were cultured on modifed

MS medium 1.0 mg/L IAA or without growth regulators.

1. Establishment of rapid mass propagation system

(1) Callus formation by hypocotyl and cotyledon culture

@ Hypocotyl and cotyledon were formed callus and roots without shoot

formation on medium with the combinations of NAA and BA or IAA and
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cytokinins.
® Cotyledon and hypocotyl cultured on medium containing 24-D and

kinetin did not form callus or root at all.

(2) Somatic embryogenesis and plantlet regeneration by immature
zygotic embryo culture

(@D The stages of zygotic embryos were classified into torpedo shape

(stage [) and cotyledonary stage(stage II, stage IM). Most of somatic

embryos were produced directly from cotyledon tissue of zygotic embryos

after 15 days of culture. But hypocotyl and radicle of immature embryo did

not form callus or somatic embryos at all.
@ The early cotyledonary zygotic embryos were more productive than the

torpedo stage or late cotyledonary ones on somatic embryogenesis and they
were also produced greater numbers of somatic embryos. In early
cotyledonary stage, the highest overall embryogenesis percentage were
achieved on modified Murashige & Skoog’'s(half strength of NH;NO; and
KNQO3) with 2.0 mg/L [AA(83.3%).

@ The shoot formation from somatic embryos was the best on medium

with 02~2.0 mg/L BA or kinetin and plantlets regenerated from somatic

embryos had phenotypically normal leaves and roots.
@ When the shoots lacking roots were separated individually, they were

put in medium for multiple shoots and root formation, rooting and root growth

were the best on medium with 0.01 mg/lL IBA and multiple shoots were
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produced on medium with BA.

(® But the combinations of BA and 0.01 mg/L IBA seemed to have
nothing to do with rooting. The combination of BA with 0.01 mg/L IBA
produced a smaller percentage of rooting per divided plantlet and the number
of multiple shoot was lower. However, although the number of multiple shoot

was reduced, the medium with 001 mg/L IBA alone was necessary to form

the root from shoots.
® BA treatment was effective on proliferation and growth of tissue-

cultured shoots but BA at 1.0 mg/L concentration was inhibitory the root

formation.

(3) Plantlet regeneration by apical meristem culture
(@D Apical meristems cultured on MS medium with IAA or NAA alone

weren't effective on multiple shoot formation but caused rapid callus and root
formation. After 60 days of culture, these explants developed multiple buds
and shoots together with calli but at low frequency. However, the hard,

compact irregularly shaped calli induced on 2,4-D did not form shoot.
- (@ Whereas the cytokinins alone failed to induce any callus and root but

were capable of inducing shoot differentiation after 4 weeks of culture. After

60 days of culture, many of these shoots developed as multiple shoots.
3 Of the cytokinins BA and kinetin were more efficient than zeatin.

Thus, the best results for multiple shoot formation were obtained using

kinetin or BA at 0.2~1.0 mg/L.

@ The combinations of auxins and cytokinins were more efficient for the
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induction of callus and induced as much as 100% callus formation, the calli
showed the formation of a number of roots. The effect of cytokinins for
shoot multiplication was decreased when it was supplemented with auxins.

® Rooting and root growth were the most effective on MS medium with

001 mg/L IBA, after rooting, the regenerated plants were washed and
transferred to pots containing sterilized soil.

® When in vitro plantlets maintained on medium with BA for 60 days
were excised and subcultured on 0.01 mg/L IBA for rooting, the best
percentage of root formation was obtained from the shoots cultured on 0.2
mg/I. BA within 30~60 days.

@ After apical meristem explants were cultured for 90 days in first
inoculation, multiple shoots with 7~17 shoots/explant were obtained. Divided
plantlets into small parts from multiple shoot gave rise to 3~4 well-developed
shoots with 4~5 true leaves every 2 months. As above result, it was enable

to obtain about 6300 divided plantlets per one explant in a year.

(4) Plant regeneration by node of flower stalk

@ The experiments described in this paper were undertaken to investigate
sterilization methods and the effect of growth regulators on plantlet
regeneration system suitable for micropropagation in the node culture of
flower stalk of wasabi. The highest survival rate of explants was obtained
by a 8~9 min. immersion in 7% calcium hypochlorite solution.

@ Cultivar 'Dalma’, fifty cultured explants were survived only 26.0~50.0%
of them, cultivar 'Ulreung’, 46.7~76.7% of thirty explants were survived.

After 20 days of culture, the axillary bud of node gradually developed into
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shoots and growth of the shoots increased on medium with NAA plus BA.

@ The node of flower stalk cultured on medium with 1.0 mg/L kinetin
was produced the greatest frequency of shoots(81.8%) per explant in cultivar
"Ulreung’. Shoots isolated from node were cultured on medium with
cytokinins alone. At 02~10 mg/L BA or kinetin, 100% of shoots formed
multiple shoot and the number of multiple shoot per shoot subcultured was
four or five after 60 days of culture.

@ .Well-developed shoots of the two cultivars that were not rooted on
cytokinins medium were excised and cultured on MS medium containing 0.01
mg/L IBA. Roots emerged from shoots within 15~30 days. After rooting, the

plantlets were transferred to soil

2. Establishment of acclimatization system of in vitro plantets

@ The sequential subcultures of in vitro plantlets were highly affected by
vitrification and the capacity for multiple shoot formation was very week from
thé vitrified plant matenials.

@ In order to improve the quality of in vitro plantlets, the experiments
were carried out using in a culture vessels capped with membrane filter(MF).
When vitrified young shoots were cultured on MS medium with 0.2 mg/L BA
in vessels with MF or without MF for 60 days, vitrified shoot didn’t appear
in vessels with MF. In contrast, shoots grown without MF were vitrified at
65% of shoots.

® The stomatal shape of vitrified leaves was circular and inflated,
whereas normal leaves acclimatizated in vessel with membrane filter had

ovate shaped stomatals.
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@ Also, in order to investigate the effect of membrane filter on
sucrose-free, the hardened shoots were cultured on media containing 0.01
mg/L IBA in vessels with(photoautotrophic culture) or without(control)
membrane filter. Sucrose was necessary for the survival of in vitro plantlets
in vessel without membrane filter. After 20 days of culture, shoots in vessels
without membrane filter in the sucrose-free treatment turned yellow and were
dead.  But shoots in vessels with membrane filter in the sucrose-free
treatment were alive and produced a lot of roots.

® When shoots were cultured on MS medium with 2% sucrose in vessels

with(photomixotrophic culture) or without(heterotrophic culture) membrane

filter, the growth of plantlets was the best in photomixotrophic culture.

3. The cultivation of disease-free seedlings in field

After the acclimatization of in vitro plantlets for 2 months in 20C growth
chamber, seedlings, divided seedling, and disease-free stock were cultivated in
experimental field of 450m altitude. The leaf number, plant growth, axillary

bud proliferation after 130 days of planting were increased in disease-free

stock in the comparison with seedling and divided seedling.

4. The crossing of the cultivar ‘Ulreung’ and ‘Dalma’

The immature zygotic embryos of F: seeds were obtained by reciprocal

crosses between the cultivars(‘Ulreung' X ‘Dalma’) and they were cultured on
modified MS medium with 1.0 mg/L IAA or without growth regulators. After

25 days of culture, most of F, seeds formed somatic embryos or were
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germinated normally. Somatic embryos were produced directly from cotyledon
tissue of Fi zygotic embryo. After the germination of F; zygotic embryo,

plantlets are subcultured on MS medium with cytokinins for shoot

multiplication. After rooting, the F) plants were cultivated in field.

Subtiltle I - The Major Diseases of Wasabi in Korea and
its Control Effects of Chemicals on
Diseases of Wasabi

In order. to investgate the diseases in the fields and find out the
environmental factors on the growth and major disease§ infection of wasabi,
the pathogens were isolated and identified from collected wasabi from growing
fields and environmeﬁtal conditions were investgated at the growth chamber
and fields. Aiso, these experiments were carried out to examine the control
effects of chemicals on diseases and transmition of black leg and soft rot on
wasabi, Chemicals  were tésted for the activity against black leg and
bacterial rhizome rot disease.

@ The major bacterial populations of the wasabi rhizome were Erwinia
spp.(54.1%6), Xanthomonas spp.(21.1%), Pseudomonas spp.(17.2%) and
Corynebacterium spp.(6.8%).

@ The causal pathogen of black leg of wasabi was identified to Phoma
wasabiae. The fungus spreaded into the vascular system causing necrosis
petioles.  The infection ratio was 30.2% percentage in the fields. The
infection was occured in April when temperature rise, increased in May and

June and persisted until October.
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@ The causal pathogen of soft rot was identified to Erwinia carotovora
subsp. wasabiae. The bacterium caused petioles to blacken and dark spots
and leaves, roots and rhizomes were turned to yellow and finally die. The
greatest damage by them was occured in June~August. The infection ratio
was 30.6% in the fields.

@ The wasabi showing mosaic symptom were collected and confirmed that
the causal agent was tobacco mosaic virus. The virus particles showed rod
shape with sized 300nm by means of dipping methods in electron microscope.
Infection rate of TMV at Muju area was 8% in first cultivaton year, but, it
was 22% in second year. Infection ratio of both with TMV-W strain and
TMV-C strain was high, while the TMV-P strain was low in the infection.

® The causal pathogen of damping-off in nursery beds was Rhizoctonia
solani. In nursery beds, seed germination was reduced and it caused
damping-off of seedlings. The infection ratio was 10% in the nursery beds.

® The pathogen of black leg disease was transmited by seed, leaf, petiole
and rhizome. The percentage of diseased seeds from different seed lots was
3~12%. Infected seeds were causal organism of damping-off at seedling
stage. The pathogen, Phoma wasabiae, of infected leaves invade root through
the leaf vein and vascular bundle of petiole and rhizome. The pathogen of
infected root invade petiole and leaf through the wvascular bundle and
development of disease was late cormpared with infected leaf. The leaf and
petiole wither and die at the late stage of disease.

@ Benomyl was the most effective against black leg disease in laboratory
tests and treatment of chemicals on wasabt plant. Protective value of

benomyl was 79.2% compared to control.
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Oxolinic acid was the most effective against bacterial rhizome rot
disease 1in laboratory tests and treatment of chemicals on wasabi plant.

Protective value of oxolinic acid was 75.9% compared to control.

Subtitle M : Improvement of Cultivation Method and
Cropping System

This experiments were carried out to obtain basic informations on the
improvement of cultivation method and cropping system. In improvement of
cultivation method, different sowing and planting date were conducted to
yeaf—round culture. Also, the growth characteristics, demage by disease, and
rhyzome yield were examinated in different planting density(20X20cm, 25X25¢cm, 30
x30cm) or in cropping system classified 300m, 450m, and 600m altitude. In order
to find out the effect of temperature and shading on the growth and major disease
infection, experiments were at growth chamber condition and field.

@ Seedlings sown on Nov. 25 were more suitable rather than those sown on
May 25 in plant growth after planting.

@ In early growth of early stage and rhizome vyield, divided seedlings were
showed the high percentage than seedlings but they were infected on various
diseases of wasabi by high temperature injury.

@ Planting density showed high possitive correlation with rhizome length
and weight, the infection of soft rot was lower in 30X30cm than in 20X 20cm.

@ The plant height and the growth of leaf and rhizome were obviously
reduced with the increase of temperature, in which the optimum temperature
for the plant growth was estimated to be 17TC.

® 75% shading net in the treatment of light intensity was favorable to the
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growth of rhizome, rhizome weight and whole plant weight.

® Infection ratio of black leg and soft rot was increased with the increase
of temperature which was base at 17C. However, their infection ratios were
decreased with the increase of shading conditions which were summit at 75
percentage.

@ The emergence of soft rot were showed the highest frequency(45.4%)
on 300m altitude in June~ August, plants cultivated in 450m and 600m altitude
were infected 26.5%, 24.8%6, respectively.

Plants cultivated in 450m or 600m altitude was higher on the commercial
value of rhizome than those cultured in 300m.

@ When the size of rhizome were clasiffied large and middle in 450m altitude
after 18 months of planting, the percentage of large rhizome having 40g and over

in weight showed about 50% of the total rhizome yield.

Subtitle IV : Longterm Preservation of Wasabi and its
By-product Processing

This experiment was performed for setting-up the proper preservation
conditions of wasabi for‘short term and the acceptable utilization method of
by-porduct of wasabi product, like as, leaf, petiole and root. The tested
wasabi was harvested on March and on October 1995 at Muju area where are
fit for wasabi cultivation. And consumer survey on domestic and imported
wasabit from Japan was conducted including manufacturer investigation. The
final consumer product with wasabi by-product was also reviewed.

@D Wasabi growers hoped to develop the proper preservation method for

distribution to consumers and prevention of discolouration after harvest during
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summer season. The by-product from wasabi should be utilized into value
added product.

@ Korean wasabi was inferior to Japanese wasabi evaluated by the head
cook of hotel restaurant but it seems that there is a possibility to competitive
in price. The proper distribution system should be introduced for better
quality.

@ Present wasabi product, powdered or paste in tube, are not real wasabi
but prepared by horse radish. imported from China. The imitated product are
commonly consumed at restaurants or by housewives.

@ Japanese by-product processing commodities are mainly pickled in rice
wine cake. The product should be modified for fitting Korean diet.

® For short term preservation of wasabi, ice box(styropol) with dry ice
can successfully be used. One pack of dry ice(l5 kg) kept -62C for 49
hours in the container(35,400cw). The frozen wasabi has no difference with
fresh one following expert evaluation.

® The main taste component of wasabi, allyl isothiocyanate, kept constant
levél at frozen product at -60°C, and -20°C for 20 days. Chilled wasabi had
less stability. Mashed product was much unstable than fresh one.

@ By-product of wasabi, leaf, petiole and root, can be processed into
picked product combined with soybean sauce, fermented hot pepper paste, and
other condiment. The processed product had unique flavor and taste. The
pickled product processed into retort pouch food for long term and ambient

distribution.
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A|FAIA critical point drying$4e2 AxAAh PEAYW ZEE £22 sputter
coating3ted SEM(Model: JSM-M4I0LV) e 2 N E 3=
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t}. Sucrosei®fE ¢} membrane filter®] &3}

2% sucrose iAo membrane filter& F&¢ BL(REEBHERE) S vjFA8 7
S(RBEEIELR), sucroseF H 7 2ol membrane filterS $23F 7B B
#)ot KD A¢(H2T) 52 FESS 75umol - m?s PPFDo| A potell ©]4]
&7] Aol AEAE vigd T AEAY ARE ¥ BASNES 2SR

3. HEEwe MwHEkk 44 H A

7} demkk A3
ZIW vt Re virus o|HAEE HASy] Y8 e (Nicotiana glutinosa,
Chenopodium armaranticolor)® DAS-ELISAZ Ao g &elégct
L detEE AHui Al
AE FF AW siE 450m EFNA EHAE, ok

#
T WSEES BEstr] sl AudsEE A5EAHE 2AEIAG

H

8t

4. =5 FiAEe Ad R AEAY

7). A
WREEe) HEe 2oz S duel B43Y AME Yots TFFIM A
Fo] F4% NBAE MEse) Aty D Mk RS AU,
U 2RFe] RAMEE o Az 2 F BEFE
FEAE By 602 F olsu) el A Fustel BAeIA wjkstel ALy

o
A R Polg S AT
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ot 2T Lol F AEH F4
BN old XM vlSME cytokininF b G-&A2lE wix|o] widsted L3
2 gxatgon H#EE 001 mg/L IBAMAA ®els RMAAD FifbEE
F o FeAastch

A34d 2% R 2P
1. & ZEIBESR L

7h TES Thasggo 3Zz48Ae 13
(1) RtEuf oA AYRxHH o] Fat
(7 Auxin®¢} cytokininF9o &£8&x<
Auxin® 9} cytokininFE E-§2l5t] vjFs ZFHTable 2-2), 24-Ds} Kinetin
E28AYY A uY 27120 20Y9Fo vlEARY TR HAPo2 Beavt
S Azt oy g 602 Folle BAE B2 o ol4e] WS Rol
AT YIS WP BHUAYT Aao] FAL AUo] AnS
o}

Halded W 120850 ZE AFoM g FHo] AFEY ABexes BF

ne
mOK
J
(4
o
%
ok
=
fu

R

NAA% BAE &AM 2% w57} gobds & Fio] AAd=dA A 2ol
AEEA oY Ado] FoEEA FA] FAL HA GAAT 24-D9} kinetin®] E-&
Ao vis) 2P 54E FAFEA G5 YHE BYT viG 1208 FlE FE

7} ZA =3t



Table 2-2. The effect of the combination of auxins and cytokinins in
cotyledon culture of Wasabia japonica after 120 days of

culture.
Days after culture
Growth regulators No. of 20 0 120
explants —=-rp Call Cali Root
24-D Kinetin NAA BA cultured  f5rne4  formed  formed formed
(%) (%) (%) (%)
(mg/L)
0 0 20 0 0 0 0
02 05 64 100 79.7 0 0
05 05 20 75.0 50.0 0 0
05 10 18 944 72.2 0 0
05 20 39 89.7 51.3 0 0
10 05 54 98.1 74.1 0 0
10 10 39 71.8 71.8 0
1.0 20 36 50.0 28.9 0
02 ° 05 21 48 0 0 0
05 05 28 35.7 143 286 143
05 10 20 25.0 0 0 0
05 20 16 0 0 0 0
10 05 28 571 107 179 71
10 10 31 38.7 129 0 0
10 20 36 80.6 69.4 0 0

(W) IAAS} cytokinin® o £-83 2]

IAAS} cytokinin® & BN vid3t Z3H(Table 2-3), IAAY kinetin& &3

H
R
ox
o
=
4
He
e
o
i
2
i
oy
of
>
o
ko

5 Efed gegAde 27 wdd

ol = 433 B33k Holglow 05 mg/L [AA9 20 mg/L kinetin& £ 3] 8] Foj
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A G 209 %0 R AL AAHJ o Ao WS WY 120U FollE B
A et
[AAS BARFIEEIE S Fiol viad ZA A48 ZA$7 Bty Ao 2
g7t BT AR ey 4% FAL BolA Fe AL gE Ay o
G P e o RIfE vls At =& wid 60dFel A=A
IAAS} zeatin E&HETY 2S¢ EHS dod Bt A ARHAT 270
AodolM Azt BAst7] AzbetA e & Aol AstEA A

Aen v 1209 Folls Aol Fgade] FHAHUG

(2) st Zuf oA HExHH | &3}

(71 Auxin®$} cytokinino} RN

Auxin++%} cytokinin%%: E8&xe3t 23 (Table 2-4), 24-D9} kinetin& 8- 2]+
o] 744 uig 0YFHE Aelxrt AN ARG FEH V] AlbstE oy sl 100
4 F A AT o olde] S Bolx] skt 2 AHoA Y A
AAl Z1A WE F 2 ol B AAATL gAY o wEr)Yo] A
5]‘1“1 o ol %‘ ARA = gdgton] AR HHS AT gy dHLE 2% g

A slolM wdrItE BRAHE 2 YT vnstd g Azstdn wied 100
AF72] e gk

NAASH BAE&A 79 2% vk 30d ¥ HAA/ REAYE Aot £3)

l

-Lu

He RS BFAoU FTAL MY HUL F2 HMojlon MW ®
ofvet AA zzo] Aejxsgtsle] JHY G5 BeA2BAES YERAAZ ¥l 100
dFol& Feldste S48t 05 mg/L NAAS 1.0 mg/L BAE & A2 Feilr
100%9] 2H2TPES BIoy 4L vl =Y HelYoh
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Table 2-3. The effect of the combination of IAA and cytokinins in cotyledon
culture of Wasabia japonica after 120 days of culture.

Growth regulators

No. of

Days after culture

20

60

120

explants Calli
JAA Kinetin BA Zeatin cultured formed formed formed formed formed formed

(%)

Root

(%)

Calli

(%)

Root

(%)

Calli Root

(%) (%)

0.2
05
05
0.5

1.0
10
10

0.2
0.5
05
0.5

1.0
1.0
10

02
0.5
0.5
05
05
1.0
1.0

1.0
1.0

0.5
0.5
10
2.0

0.5
1.0
2.0

0.5
0.5
1.0
2.0

05
1.0
20

(mg/L)

0.2
0.2
0.5
1.0
20

0.2
05
1.0
20

35
39
40
39

19
20
20

20
15
19
31

63
47

24
26

70

32
30
20
28

125
30.8

21.1
10.0

20.0
52.6
355

254
70.2
18.2

23.1

26
41.4
125

31.3
16.7
25.0
25.0

6.3
6.7

100

10.5

5.0
33.3

27.7
2.3

QO W o OO O O

94
6.7

71
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Table 2-4. The effect of the combination of auxins and cytokinins in
hypocoty! culture of Wasabia japonica after 100 days of culture.

Growth regulators(mg/L) No. of Calli Root
explants formed formed

24-D Kinetin NAA BA cultured (%) (%)

0 0 20 0 0

0.2 05 20 0 0

05 05 20 0 0

05 1.0 20 0 0

05 2.0 20 0 0

10 05 ' 20 0 0

1.0 1.0 20 0 0

1.0 2.0 20 0 0

02 05 20 750 5.0

05 05 20 75.0 15.0

0.5 1.0 17 100 11.8

05 2.0 25 84.0 28.0

1.0 05 21 57.1 19.0

1.0 10 20 50.0 10.0

1.0 2.0 27 889 3.7

(1) IAAS} cytokininF o] &8

IAA®} cytokininF & E&x€)3t ZxH(Table 2-5), IAA%} kinetin& &3 &lo] A-$¢
Wl 0YFRE P B2HUD Rl AN AP wAHAY s}
FEE F UAEE RE RS wiek 1008 Fele A o] H2sistd A
Hel Aert d3stgde=dl 1.0 mg/l 1AASE 1.0 mg/L kinetind 2] 7oA Hajx 2
Bajgado] 7bg F3sich [AASH BAES A AS oY 0¥ F iRy EH

o) REATL WAUA L R LEIL SAlo) ol FojHom, W 10095 A

1

r’l
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Table 2-5. The effect of the combination of IAA and cytokinins in hypocotyl
culture of Wasabia japonica after 100 days of culture.

Growth regulators No. of Calli Calli
explant formed formed
IAA Kinetin BA Zeatin cultured (%) (%)
(mg/L)
0.2 05 26 115 115
05 05 23 478 13.0
05 10 28 429 3.6
05 2.0 20 90.0 10.0
1.0 05 15 73.3 26.7
1.0 1.0 15 100 60.0
1.0 2.0 23 39.1 8.7
0.2 05 20 90.0 0
05 05 30 36.7 10.0
05 1.0 25 52.0 8.0
05 2.0 25 32.0 4.0
1.0 0.5 28 714 143
1.0 1.0 23 739 8.7
1.0 2.0 30 96.7 30.0
0.2 02 20 65.0 10.0
05 02 20 15.0 0
05 05 20 0 0
05 1.0 26 7.7 0
05 2.0 25 88.0 0
1.0 0.2 27 333 0
1.0 05 25 24.0 0
1.0 1.0 28 39.3 7.1
1.0 2.0 27 11.1 3.7
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e J3F Uz AT ZhsAel den ez FAE E3=Hded 10
mg/L 1AASH 20 mg/L BAZR&A 7oA Aelx 9 R go] 71 Sk

IAAS zeatin€832]9] 735 HEEWHY 0¥ Fole tFEe HEHA Axr)
dAst7] Az Aoy Wi 1008 F ZAlAME F2o] 9 Az AeAdNE
2 Azsien $2 A wFxrlee BAHR] U #HK 100 FoE e A
27l Hjste] ¥ ol

L RAMEEERC ol § R T 2 A EA Hob
(1) kP2 BiAE |2} auxinFel &}

M3} F 2B5~55UAbole] ABEEFolN ML, 27) FEH 2 % Q7)1 4AEe
FHFE(Table 2-1)8 AW auxinEHE2 $52 2elste] vjdstgitTable 2-6).

As = 25~350 A%E o2AF Are vjgupul A IAAE A B u)
% 20YFHE @EA Fele] vlsulst oz Y T Qo2 RE AW ELAKE
Zh sy Aztetel W 30U Fol U¥ BAY FE oln] Adsty Fu 4e
Fot. 1.0~20 mg/L IAAX 2T A$ 2 AN Zei27t fred F ot 23
He Ae BAGYOU WY 24 FE AQold Ay FAHYon wLz
o] ZAzsWA viFFAle] ml&ulst BRI ol MAE Aol Mels L uje)
e BAHA AU 02 mgl IAAGN FEozE Y wialo] 5097}
o]Fo}A 7}¢ *¥E 3t om(Photo. 2-1a), 24-DU NAA 2t} IAAZF 2wyl
= gdoz veygt

24-DAATE o> TRAM Y wp2ae] o)A st ot v 159%
RE F2 vigule] Ageld Bejart TS Az AW Wwado]l wje
0L FRE L8 Zoll vlahd 2 Al717} %k £ Wi 40U o) 23hs7) A2
Aot 24-DATE AA2ZHE BAKRKERAC Slold e HyTrd AX
A ZsbEolgon] wjdrizie] ARDS4E Figsxko] Rz Al vhehtth

[a)
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Table 2-6. The effect of developmental stage of immature embryo on modified
MS medium supplemented with auxins in immature embryo culture
of Wasabia japonica after 50 days of culture.

Early cotyledonary Late cotyledonary

Torpedo stage

Auxins | stage stage

(Cog“/%;) Calli  Embryos Calli  Embryos Calli  Embryos

m IE* formed formed IE formed formed IE formed formed
(%) (%) (%) (%) (%) (%)

0 24 0 375 24 125 583 20 50 348

IAA 02 12 0 50.0 12 250 333 18 111 447
10 24 42 167 24 292 750 20 50 138
20 13 159 231 12 250 833 24 375 458

24-Do2 12 250 417 28 179 536 12 333 333
10 25 360 360 12 583 583 12 583 583
20 12 417 417 13 615 615 12 583 333

NAA g2 11 364 364 13 100 46.2 11 100 27.3
10 12 250 250 12100 167 12 583 0
20 11 637 0 13 462 0 12 917 8.3

® IE, No. of immature embryo cultured.

NAAR-ET 9] B5 Ae2FHE 7MY afHoded A2 9y Bkn 8
e 24- DOH Hlald A zstATh 02 mg/LA 2ol THozRE 2y uig
o] 0}-"?01&‘3‘31 Uojz] el FelMe A ghgo] gien giRy wig 2Ale 1)
W ez g A 2 3 Eiste AR #EEHo R Azg Al
Bch

7hsh F 36~45Uc] AFHE 27124719 vlKuuilde JAATEH Q) S o
15957 Ade2Ry A2rt BAHAY AY iAol ojFojH=dl oY

o
A o=

i

o2
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Photo. 2-1. Somatic embryogenesis by immature zygotic embryo culture. a:
Somatic embryvo formed directly from cotyledon tissue, b: Somatic embryo

cluster c: Somatic embryogenesis from callus, d, e The germination of

somatic embryos on primary tissue after 10 days(d) and 30 days(e) of
subculture.



Photo. 2-1. Somatic embryogenesis by immature zygotic embryo culture. a:
Somatic embryo formed directly from cotyledon tissue, b: Somatic embryo
cluster ¢ Somatic embryogenesis from callus, d, e The germination of

somatic embryos on primary tissue after 10 days(d) and 30 days(e) of
subculture.
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olsulol] Bl sjgEAl ) RIFEIE Bolete] AdE 7hed sigAdo] o]FoiH 1 ul
A e vlwd ggron wjd 30U 20 mg/LY A$ 109 kB =
F2AL YA 28712 7158 7MY BRIFS AoE 2929 (Photo. 2-1b) 4£E
REEZE Aot A] 8 MElTeME ¥ widdS 5o

24-D9] B¢ IAAAZ T vls] RBE7E Polslo] AFeteE A v AJe
o F2 RARE AdAM B2 E Brh 2AEAEY, 02 mg/LAgFAE A
S 2REH AY BWHEAERC] Jx3 HolAx 1.0~20 mg/LAg Tl AHAE 7
frated w7 BAHAY A Bk sEs B9UE e duaE JERd A A Xepea
of vl gzsIRTh

NAAA 2T A& 02~1.0 mg/LollA Aej2dAlo] 100%E BRI IFdAlg
Fefoll A Zzzo] ok wdiE T MAE Hel23}t HEA wgrizte] BHAHFE H
g Beae ZA AA ¥ F 2 9o B/ B3EdY. ey NAAA 2 oA
W A1 RIAEZE Eolslo] AFE ASe AL 20 mg/LAXE A A Euf2Ad
o] M3 TAHX Ysich

et & 46~559 A %M AQ71S KRBEEHES YIAY KEFE A
A7)7F A=F A APt v dHE dsd dHded AdZuis wE 2Hd )
o] RPAMEET vlAVFAZ AARDAN AGHAE €= A gol TAHAUD
g sigridel AAEEA 5 HAE @akne 2 9 oAl Bt g4
stutd Eelshz] ol @ AEE JAvEE ASE ATk [AAXZETY AE diR
+ AFxAeA AR wjgao] o]Fojz widet wsule R wiY 2FUYFR
B TRHol ZA st FiEo] vidiEidch  THiEwolU ¥R EMe oy
R 2712719 shavtA 2 Aeis 4 e W o|FofxR] &gtk Z7] z
71 vl oA = 1.0 mg/L IAAAE] T4 wiZ A Eo] Fsstded £ AR
e 238 7P AZSY 02, 20 mg/L [AAYAME H&3t 438 Byt o

Ay F2 ugz7)el Bolste] LA AGE wguje] Ffole W40l BEEX



SR o KT EY A RPHELTE O A= Z3gdodnt. 24-DH
g 7o e Belaggx ¢ 2222 AAZLALLS 1.0 mg/LolA 7HE F3
o Ay uEAE vjud dssd

NAAX Tl M ul&ulrt dolste A e A odkn g8 wiF
A Adelol A dexrt FHEHJAEC 2AE 2
kow 1709 visui2 5 2 EAKEY BE 1~-20 Zxd 23t 73 A
Z3stgrt.
(2) AuxinF2t BAE&x{2| 23}

ojzld ¥ Z7IAWIIY ABEEZ auxinF9 BAS E &Y T wjRd A
(Table 2-7) AU FE4ol A AHeFolA d3stded 53] 20 mg/L 1AA% 10
mg/L BAE&AFoME HAE2RE 66.7%] AMEREEES el 713
FL Z23E 2thHPhoto. 2-1c). Y THEAMGCZRE Y WP [AATE
Hel el vs) @AshA W& Bozg AW W4l ol 1AA%H BAY E84x43e
BAZ} viiAlell Ao g2 vteptot

24-Ds} BAE E£x8d A3, 24-D9 BAZL 02 mg/L¥ E2H7IE FollA
235%9} 2 |40l ol Fo AR vulA] HelFelMe AF 2R dAY HE
stk WAL 10 mg/L 24-Dell 02, 1.0 mg/L BARMEEE A 583%%
Ho d@xzirt gsdtgoy AAa2RE AAZedye sjdzada 1~27)
Aol At wAslo] Al gL Hzstdck E3H A Al 7rh wiggale oz
8 el olFY ¥E Hojx o1 olgy UG

NAA¢ BAE &AM E 10 mg/L¥ NAASH BAZE £8x8)d Z$ Hjxf
E&0] 100%R o HAAZRE AATufdBe 583%E Hd 7M1 d3 A9E
B 2y widridel ZAFEHUA LAt A" & s A9t B
gl oA UF o vl st Azetn Q€

7] visuiE JAAS BAZE 829 wixlol wjdd AxN(Table 2-7) o194

Y]

Je ASHA TS wolx o



Table 2-7. The effect of the combination auxins and BA in immature embryo
culture of Wasabia japonica after 50 days of culture.

Torpedo stage Early cotyledonary stage
Auxins BA Calli  Embryos Calli Embryos
IE® formed formed IE  formed formed
(%) (%) (%) (%)
(mg/L)

IAA 02 02 13 69.2 385 ¥/ 52.4 19.0
0.2 1.0 12 75.0 50.0 50 50.0 18.0
0.2 2.0 12 100 25.0 57 719 474
1.0 0.2 12 417 417 50 320 320
1.0 1.0 14 714 214 44 136 136
1.0 2.0 12 583 33.3 36 86.1 30.6
2.0 0.2 16 62.5 188 48 93.6 52.1
2.0 10 12 100 66.7 50 56.0 42.0
2.0 2.0 12 100 58.3 52 481 21.2
24-D 02 02 17 412 235 70 100 186
02 1.0 12 50.0 0 49 87.8 347
0.2 2.0 13 46.2 0 26 100 53.8

10 02 12 53.3 0 36 97.2 0

10 10 12 58.3 0 72 76.4 0

1.0 2.0 12 167 0 76 487 0

2.0 0.2 12 167 83 63 69.8 0
2.0 100 12 167 8.3 51 70.6 11.7
2.0 2.0 11 27.3 0 78 51.3 5.1
NAA 02 0.2 12 50.0 0 35 100 17.1
: 02 1.0 11 0 0 65 72.3 46
02 2.0 12 333 8.3 47 87.2 85
1.0 02 12 75.0 333 60 98.3 11.7
1.0 1.0 12 . 100 53.3 64 100 6.3

1.0 2.0 12 33.3 8.3 60 88.3 0
2.0 02 12 333 0 65 92.3 3.1
2.0 1.0 12 66.7 0 44 63.6 114
2.0 2.0 12 66.7 83 67 88.1 9.0

? IE, No. of immature embryo cultured.
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ol el uf Foll A9} o] MejawtAle] *FdlF o 20 mg/L [AAS 02 mg/L BAE
&g oA B2 AR MEEAo] 521%2 7 dEsdch. 24-Dst BAES
HelTe A9 diFE KHEsE Sol, NASHA Fn wFZAIY dejdld A2iast
HdEd 02 mg/L 24-D9 20 mg/L BAEZA 2 FollA Ajawage 100%H%.oH
F2 g2t fxd ¥ udAe] o]Fojxt. NAA¢ BAY RAWEETE HH2
P s JEAAY BRELS F3] M2 ARE BAc 22y sidd
ol&u) 7t AA AREE AL [AASH BAY E4429 vlxsct

(3) f2smfmARSl #3Foll o|x|& cytokinin®Fel &2t
(7)) AAEH clumpdefoll A A Euje] o}

REyolo] RHMIES wiRstel TielN FAHE AMTu FE A 5 RS A
T2 Botoy 457 AUZ HUY AATHE Az A AL L&
2 47 W EPo] M2 HYANY BAY AT Fo vjs) A 4
27 95 wad He Woldnh B APAME oluw TAYS Ay 9%
o7 gusold wrzd "ue] 2shy WALEr ) EORE WolgE ¥
shujRlo] Adgsieas QAR NeA ARsle] Ade AMLu)e] FejAr]s
cytokinin® el TTHE ZAHATHTable 2-8). vl&ule] FHolA AW 2sig A4
T Fojale Hx wIAZRE 50UFo] A5 AR cytokinin® G-RujA] o
AEES T daHod LA AAENDE ki A 43 =AHEAD A%
o] Wz ANHYTL ols MMEuE EEe el TolA WY 10YFRE o}
7] Aztate] wjEol AFHU O E3] 20 me/L kinetindATFANE AFo] A7}
571 shod(Photo. 2-1d, €) Y% auxindhAlolA A% WLFQ EAEEY TR

4?

vz o2 e WA A7)0 JAEuTS Estein AeFou dFE

2RI 8408 HYW M 238 dAHE & 7 JUed 2 d¥ER B
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Table 2-8 The effect of cytokinins on germination of somatic embryos
derived from immature embryo culture of Wasabia japonica after
30 days of culture.

No. of

. Conc. b No. of SE* SE producing SE producing

Cytokinins (mg/L) Sﬁt&zg}p germinated  shoot(%) root(%)
0 10 12 0 0
Kinetin 0.2 20 16 125 0
10 20 14 21.4 0

20 20 23 52.2 13.1

BA 02 20 16 188 6.3
1.0 20 16 18.8 0
2.0 20 15 20.0 0

Zeatin 0.2 20 11 9.1 182

1.0 - 20 18 333 11.1

20 20 13 0 308

3 SE somatic embryos.
® Somatic embryo clump excised in 5X5m/m size.

(W) FERI) AT RE shoot P el LAy
S4Y PARERZRE Aol

2]

Tn

)

e

e dele] BAEMRRE Shuy
(Photo. 2-2a) cytokininf @& 2 GAsZ} Mg ufA]ol] wjF3t ch(Table 2-9).
239 A BRAHA H4EAALIHT EHol o) vgEHAY &
R EekA] g1 v
2] Foll A shoot¥-zts ul
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AT Aluld 1025 Ade] TR ko] Vgsted we YSFeE BHo
o E3] kinetin?t BAS A% A ATl 100% shooti3t&S YERHEUl(Photo.
2-2b) v} 0YFolE 170 MM EYE 1~3719 &2 £ o 7}
& dsstaoh 20 mg/L zeatin®] -9 £3€ shootoll Al Held ol F3 ¢ Hold
Tl 1709 HMYRE 275 shootst Helg o] o] ojRojx] g AEA AL3&
ol 7b¢ Fgton(Photo. 2-2¢) ¥F v HAMS FASIE A HPhoto.
2-2d). GAsxel7e A shooti®dst 2 Hej@do] vjud Mz Aoz B3ld
shoot: F2&A glo] iR FHiz nZe AU 23E shoot® LHHE shoot2
A5 E R skt

Table 2-9. The effect of cytokinins and GAs on multiple shoots differentiation
of somatic embryos derived from immature embrvo culture of
Wasabia japonica after 30 days of culture.

Growth Conc. No. of SE? SE producing SE producing

regulators (mg/L) subcultured shoots(%6) root(%)
0 15

Kinetin 0.2 15 100 40.0
1.0 15 100 33.3
2.0 15 100 20.0

BA 0.2 15 100 533
1.0 15 100 13.3
2.0 15 100 26.7

Zeatin 0.2 15 66.7 53.3
1.0 15 46.7 53.3
2.0 15 86.7 86.7

GA3 02 15 333 13.3
1.0 15 66.7 20.0
2.0 15 40.0 0

? SE, Somatic embryo
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Photo. 2-2. The germination of somatic embryo and plantlet regeneration. a:
The elongation of cotyledon and hypocotyl of somatic embryos isolated, b:
Shoot formation on medium with 0.2 mg/LL BA, ¢, d: Root formation from

shoot, e: Root formation and plantlet regeneration from divided plantlet on MS
medium with 0.01 mg/L IBA after 30 days of culture.







(4) e 23 ¥ welLMol 0|x= BAS} IBAS] &3}
agolel BAHE A rllA HHZ ol8a7] ARNE M fuUoz
Hel Jl vE 2 F474e] BEAolch w4 H9 shootE ThobHE ZAA

2 og dolAl7t B 3~4ui¥ E3hd shootZ AAHUES ol LFAKZRE 14

g S#EEs 02~10 mg/L BA @£, 001 mg/L IBA &2 2 BA% 001
mg/L IBAS E8371% iAol Aldujdste FERZHE LIRS} ey 34
& ZAEIE K Table 2-10).

Table 2-10. Multiple shoot and root formation from in vitro plantlets on
medium with BA or IBA alone and with the combination of BA
and 0.01 mg/L IBA.

Growth regulators No. of No. of Shoots
shoots multiple shoot forming
BA IBA cultured produced root(%)
(mg/L)
0.2 24 4.1 375
05 ' 24 3.9 83
1.0 24 4.0 0
0.2 0.01 24 3.3 125
0.5 0.01 24 3.0 42
1.0 : 0.01 24 35 4.2
0.01 36 1.7 86.1

4823 BATEAGTE Fxo BARC] L4k FA= g 30~60YLAlo]
of 178e] FEEZ 7HE A2 AL 3749 delAz FAHAD BAlE 7~8749) tho}
AR g0} Mg 60dFol 02~1.0 mg/L BAXFolAM 170] 4dgge AT 47)

F
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o BYEE FHAY £ ANoW MAKE A5E ReR WG F 30~602Atel7}

=

Fotd B e Ay FHIALE Yeldr] A1 =stc

L3 A BE7 AR do 02~05 mg/Le] AEEolA ozt
HAHAEY 10 mg/LAel e dE 2R Po} BAREY Rewaze] Atn
1325 02~1.0 mg/L BA%} 001 mg/L IBAE &§32jslo] tholx 2
FE FAC #AEXIY] A% 28 FYsigd oy BATEH TR thopat
TERTF 33742 25le FEUD RUAE 02 mg/L BANA 2470A% 37430l
At Begdgo]l BEEAR YeA] Melge 2z 14AlA 15 6093741 05cm
of E3tgk ezt 2 U

001 mg/L IBAG-Ex219 Z¢ i 15UZFE Begdgo] Azslo] gy o)
¢ 30~409 73l g Welvt AU ARy FAo) A7} o] H3H
A Zstony Semoldtel 3t Relggs Bided BAHES 2 2z o
€T A5 OFEAA elgAol dgstdthPhoto. 2-2e).

Iy BARE A ZelA 2287 tolA2 ZASAE ¢ WFFA Y shootrt
PR A AGEHE APelded o] 2YAFNAM FHALoRA 1FWolg)
ZIHEE o] 8317] AsME shootT A2 Bt #iuE TRt wjakgtozy 7)
Hell A el WAL Sde = Ak

X
i
4
+
;O

o TR R o9 fatrRE Mob

AGELI2HE auxinF G- e Foll BiFe A3H(Table 2-11), IAATET] 7
T el AElelA wiF 1T S FEol Aol fMel S AejAs) 24
HA3 # 09Tl Rt 24" T RE XAHNA shoot7h BatEo] A
FEslR ot IAAZE 20 mg/loly HeHUe ZAS BeAzRE Welo) @Ak



7} %3 shoot®] ¥3t&% A2

NAATE&A A JAAX 2|9} vl=d ZFgeos A2yt 2A4d obF uiYg 30¢73
st HA 2AHT shoot7t 3o iR 6087 AT 02 mg/Lxg Tl
5~7/h¢] 2ol E3tHo auxinA e FollA 7P FEF S BAh NAA g4
1.0 mg/Lold Azl FollM e A2 5E shootd] #3E won FH3ALo] &
257 % st 19 Hele FHEsAS

Table 2-11. Morphogenetic responses of apical meristem explants to various
auxins treatments in Wasabia japonica after 60 days of culture.

Auxins No. of Explants Explants Explants
‘ explants forming forming forming
IAA NAA 24-D  cultured callus(%)  shoot(%)  root(%)
(mg/L) ‘
0 11 0 63.6 818
0.2 15 100 46.7 100
05 12 100 50.0 100
1.0 18 100 61.1 100
2.0 13 100 53.8 92.3
3.0 9 100 33.3 889
0.2 12 100 66.7 91.7
05 16 100 375 75.0
1.0 10 100 20.0 60.0
2.0 8 100 0 375
3.0 15 100 0 100
0.2 15 100 0 66.7
05 15 100 0 86.7
1.0 15 100 0 73.3
2.0 15 100 0 40.0
3.0 15 100 0 60.0
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(2) Cytokinins ©t&x2| &3}

THSR > ZNKES BA, kinetin®} zeatin® =2 @-&xje]ste] widst Z3(Table
2-12) BE AgFolA i 1043 RE A4Ae] 7]Fdo] v el
o] shoot7} #3t517] Al&beteia vl 20~30¢ Aol Held sEo] we} Kifo] ¥
3157] AlRetded 02~1.0 mg/L BAX T 29 dFE 1749 AGEdz2d
A 2~4749] shoot7} B3EHUL. ol E shoot= WY 40¥ 7o 3t shootel 71%
ANM AlEHog dotrp R3lx|o] thelxE FA oY 53] 02~1.0 mg/L BAA

et

g wet 0¥ F tlro] &Gkt EEso] 1709 A3HoA 1078 el ¥
g0 E A48 F o] B FIoA 7HE FE s oHPhoto. 2-3a).

Kinetind-&xejo] 7.9 BAxEl¢t vl ZAFgoion TE AHdFgkor the}
A7t eI AR 2.0, 3.0 mg/L kinetinX ] Foll A A E shoot® BiY7]Zte] ZAH
A Fystdsdel 2oy 02~1.0 mg/L kinetin® 2] 2 ##{Ais#HES Fo LA
T dope Aol

Zeatint-§xele] 3 wjd 10¥o] BHAHPAM shoot7t A7) Aztetdn o
Al 02~1.0 mg/LA oA shoot®3}7t REFSIG O™ ZE HelTolA Hejdge o
2 2] F%t
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Table 2-12. Morphogenetic responses of apical meristem explants to various
cytokinins treatments in Wasabia japonica after 60 days of

culture.
Cytokinins No. of Explants Explants No. of
explants forming forming multiple shoot
BA Kin. Zeatin cultured shoot(%) root(%) per explant
(mg/L)
0.2 14 100 0 ++
05 16 100 0 +++
1.0 13 100 154 +++
2.0 8 100 125 ++
3.0 7 100 0 ++
02 20 100 5.0 +H+
05 17 100 11.8 b
1.0 17 100 0 +++
2.0 14 100 0 ++
3.0 18 160 11.1 +
0.2 14 100 0 +++
05 13 100 0 ++
1.0 13 100 0 +h+
2.0 16 100 0 ++
3.0 15 100 0 +
+ 1~3; ++ 4-~6; +++ 7~10.
(3) Auxin® 2t cytokininF2l X2l g
T8N 2T Aol auxinF 9 cytokininFE EEAsIHF S w(Table
2-13) ¥l 1FLTRE AAAE vldislr] AT HelFo] uet FAEHE A

Aokatol gkt 24-D9} kinetin&-£212]9) A9 w3tol chokgt el Arh NAA
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o BAEEHEe A% FuMe) fdg Aelash TAHA o M)A 24-D
o} kinetiniRfEI® Xtk NAASH BAE & X7t Aej2e] o] Fastds W 50
AFol| shoot L Pelst FAHAoY HzF wgolAdd 10 mg/L 1AAS 02
mg/L BAE & 2]= 302739 shootd 717} 1.0 mg/L [AAS}F 20 mg/L BA9l &84
ol BejzolA ®el9} shoot7t Sl LAHAT ik 60U FolE 2~3v]
shoot7} 2~3cmAE2 WEsGon vk 120d0] A8 Fol w24 A% 4~50)
Axz ZALUNY BE TE32E cytokinin® MW W8] shoot®3h7h g s}
At

Table 2-13. Morphogenetic responses of apical meristem explants to various
cytokinins treatments in wasabia japonica after 60 days of culture.

Growth regulators{mg/L) No. of Explants Explants Explants
explants forming forming forming
Auxins Cytokinins cultured callus(%) shoot(%6)  root(%)
24-D 10 { Kin, 02 10 100 0 0
10 05 10 100 0 0
1.0 ! 1.0 8 100 0 0
10 | 2.0 8 100 0 0
NAA 10 | BA 02 14 100 0 14.3
1.0 , 05 16 100 6.3 0
1.0 1.0 11 100 18.2 27.3
10 | 20 13 100 154 0
IAA 10| BA 02 10 100 10.0 10.0
0 05 14 100 143 0
10 | 1.0 13 100 154 0
10 i 20 9 100 1.1 1.1
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(4) Shoot2F & RZ|Ldol| ojx|= IAAR} IBAS| &3}

24 Sl BHEE Bl T8 F(Photo. 2-3b) R R F4E 2Ho
2 RS 29 Y UUFRY ezt Q457 s W 30977
BgzEA) Rt 5o g 2 2ol2 RPow WY 0UelF shootZHH Al
g $AsE Bt BRUA QT ol AW P}t 4FHE AR Hols
Bk |

vt 60d $ ZAMEIHTable 2-14) IAAS] A9 2.0 mg/LolA 611%=2 713 %
3stg oyt IBAY -9 001 mg/LA]FolA 100%2] #BAES 2o shootol] A
wede 001 mg/l BAYAN 7P E#Hoz egthPhoto 2-3). 2
shootol 4 ®HA L 100%Go €542 FE B4Y Bt Pyasl 4%t

A& gtk e 0ol FolA 12087HK) 2 uix1Ql 001 me/L IBAG 3~47HA

o

Table 2-14. The effects of IAA and IBA on root formation from shoots after
60 days of culture.

Growth regulators No. of Shoots
) : shoots forming
IAA IBA subcultured root(%)
(me/L)
0 12 16.7
0.01 : 18 ‘ 222
0.1 20 30.0
1.0 20 30.0
2.0 18 61.1
0.01 18 100
0.1 17 76.5
1.0 18 16.7
20 17 176
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= sl 49 ABAE AL AduitdS o Iy 2 F40] o o 1Y
52 kel o] RS shoot#E@FEANA cytokinin® AWFAFAE FAZ Avn 2
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Bzt BHAg T weZao] Al&Hoz YPHE Fee AEAHY AFS U5
grs] o] FojA poto]do] 7tsd AE2Z AFHUTHPhoto. 2-3d, e). LB H3H
o] maq e & HaAdgo] Axd H¢ shootdM BH7F FHHA Rt A
249l 271t AsEAen o7 AS potell olHE AEAE= ¥E AFo] FA @
piga

(5) BAsT ¥ =2 F4E shootollAM Helwtd =3t

mEYolo) B/HNHE MmEA o83yl AMME HF|, g FadAd wF
of Althuitstr] A7R e 71WolA tolAR e} FATS A ALHA AAPo] o 2
et $hAY BAGEA g uix]ol Aljujgsiol gch o9t o] HEIEMEAL
B4 BAMAA FEEE 60U vlds ¥ 001 mg/L IBAXE oA Alchulg
sto] LMo vlXE shootZT A ZAAM e BARHFEE 73317 Astd 28 E
A 35t tHTable 2-15). ShootFA ol A4 BAFE=E & ztol7h filev BAW
F#AsrE sQqsd o ¥&2 BAFETL
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Photo. 2-3. Plant regeneration by apical meristem culture. a: Multiple shoot
formation on MS medium 1.0 mg/L BA after 90 days of culture, b: Plantlets
excised from multiple shoot, ¢! Root formation and plantlet regeneration from
in vitro plantlets derived from apical meristem, d, ¢! Plantlets transplanted in
sand for acclimatization, I: Plants growing in field of 450m altitude.






Table 2-15. The influence of BA concentration on root formation from shoot
proliferated on medium with BA for 60 days (after 60 days of
subculture on 0.01 mg/L IBA).

No. of shoot Shoots forming
BA conc. (mg/L) cultured (%) root (%)
0.2 18 83.3
05 18 72.2
1.0 18 22.2

6) 1742] HEIBOIM 25 Hchujst = SAE SHkK B

FARAza 1A explantol ] 2l 0UFS 2ofujdol ZAY %3
hE st 00UALZ 23 AhuiEstl 1702) explantol A 7L Tl A9
ZAV817) 918td 02 mg/L BAR MR o wikatedon] TEmA R 7
AAA A ZAHSATH Table 2-16),

PRER U BHT LY & A& shootFE 7~17, HF 114702
explants] A multiple shoot%:9} 8Akol 4rwsl WA VHHUDL  olE multiple
shootoll A 170} A2 AFE 4 U= B2 Busta 13 A S 60YFol= 1
Mol explantd 19~38707hx] EREE Aae £ JAed olw) Aiujra 14e)
THHY shootFE % 20~337AA.  ©]A-L cytokinin G- FolA & 2
29 $u0 ¥4 AU cytokinin TEA2TE HBEANE okt e shoot

A 1~209 ASE TP 22 149 PRED o 4hHE wae] B A
Bl A AFE F A B2ERY 50 Aol ALy Wi 17 B
grel $= 2~3709 Frt 288 Aol

AN 23 AHFANE opRIIRI 2 17)e) BEED o 21~40708) E4¢ 2
©0] 1709} explant@ 27 k3 Folt oF 50~100702 A=Y
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Table 2-16. The number of in vitro plantlets proliferated on medium with 0.2
mg/L BA after the 2nd subculture per one apical meristem

explant.
The number of No. of multiple shoot proliferated after subculture
Each plantlet .
After the primary
cultured culture 1st subculture 2nd subculture
1 7 23 (3.3 50 (2.2)
2 3 19 (2.4) 57 (3.0)
3 6 20 (3.3) 79 (4.0)
4 11 27 (2.5) 58 (2.1)
5 12 24 (2.0) 54 (2.3)
6 17 38 (2.2) 109 (2.9)
7 17 38 (22) 80 2.1
Average 11.4 26.9(2.6) , 69.6(2.7)

? No. of divided plantlet per multiple shoot.

ol¢} o] mF o] 7| Re] WK HIAFIXAS HBEMHE 08T 3¢
b AdEd £ Qe FEY e ZILExA Ule 2L wjdsted 0L7tAY
Zoulge oot FAske 7I7oz 9 282 TN HTe] 11449 1
WS BHA AN Al 2705 oF 4709 told 2 FAdd Aol F5H
192 278oint 1708 B8 E7F 402 SHEO AdHeR of 63004748 E5

(7) BAxE u3dolo] HERA=Z I RE RIFEBE
2o A" A= FRAA AH TR

Fert gHol Hodd AdHded <23 d-@>dAM 2o AHAE EdR

cytokinin @& iAol Hgdzz R 249 HolE viYgstA

BASt kineing 05, 10, 20 mg/L¥ ©&Hsta wigg Hx BE HgFolA



A2 Aglo] wie 1083 FH Ag3Ad F2d dot= Hier] AJZss v
& 2044 Yol M viF 30U Fol = shoot®] #3p7F fAdstHt vl 50
Folle 4% AFoA 1 AGAZRE 3~4709] tobAs FAHAL wjF 0
YFole 4~5uhe] Aol LAH A ASHAUT. ol HFHAKE BTEA
02 mg/L BAX TN SHEEFEH ASHA ol g FRdtd SN2 &
Fow, dFE 001 mg/L BASAAAM F2lg 2D F PFT 20TAM 244

B Es 2Rl AT £ AW YRoIME $5F RAS) AN AT

317 dopuigel glolM 7 AT FAe AGAL BHHRelUT. wEtd 2
A8E FYsrl] dA TEXES 2F9E WATY LEWE 7ol A3 275
o) TR/, AYAI 4y $& 2t a=sklEtl(Table 2-17), 2E A&

£ a5 AW BHUY Qopy g s2E Bo] ARe] A AHYHYE

Lax4} sodium hypochlorite® gl] 724 Z2lo] FEZ A Fgkoyt AAZE 2.F
A, 7% calcium hypochloritex}2le] 7% fijgiE & 70% olgb&ol 4% FHA
FAY B dAE T HZUE ¢FE02 dYs] wHokd oF 70% ot 1
2+ 2128t 7% calcium hypochlorited] 10~1283F M 2jstd& f the Aol v]
ege dEgoy giRE xalo] Ag e Yo AU 2F FHE YA @

o

I

e

I AEsE AAsE 23 4ok a2y dxjg T GEEe2 Hopdlm 70% o
ehgo] 187 X3 th& 7% calcium hypochlorite & <40 twin 20 1~2%&8 4
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Table 2-17. The chemical injury rate, pollution rate and survival rate of
explants on various disinfectant treatments in the axillary bud
culture of flower stalk of wasabi after days of culture.

.. a2 Conc. Time No. of ~ No. of  No. of g?;;l;rf}ts with

Disinfectant Pretreatment (%) (min.) explants explgnts explants chemical
cultured survived polluted injury

Lax Imin. 10 5 S0 0 50 0
Sodium Imin. 1 10 50 0 30 0
Sodium Imin. 1 12 50 0 50 0
Sodium Imin. 2 10 50 0 30 0
Sodium Imin. 2 12 50 0 50 0
Calcium 4dsec. 7 5 50 0 30 0
Calcium ~ 4sec. 77 %0 0 4 10
Calcium 4sec. 7 8 50 4 20 26
Calcium 1min. 7 8 50 25 15 10
Calcium Imin. 7 9 50 20 15 15
Calcium Imin. 7 10 50 10 15 25
Calcium Imin. 7 12 o0 5 10 35

? Pretreatment time immersed in 70% ethanol before sterilization.

oy ¥
LEERE ot o=y Aol

(2) ol Ztoll Mot MA=HXN 2 &2}
(7} Auxin# ¢} cytokinin® &8&x18] &3}
TR TESHER Alolol EstElo] e oirle] dolE AAAFZ] fisle] dwpE

3} $8F9 T EZolA YolRES o lem Yol WAsta} Hel AZwY FUIH
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oA 713 AEEo] w4 WYPo FEEHS ASIIT auxinF S cytokinin
£ EgAeslo wdsidri(Table 2-18).

Table 2-18. The growth rate of axillary bud on MS medium supplemented
with the combinations of auxins and cytokinins in the axillary
bud culture of flower stalk of wasabi after 50 days of culture.

Growth regulators '"Dalma’ "Ulreung’

No. of® Axxllary Explants® No. of® Axﬂlary Explants®

Auxm Cytokinins explants b d polluted  explants u polluted
(mg/L) . wth X growth

survwed (<y) (%) survived & (%) (%)

24-D Kin.
1.0 05 © 15(30.0)°  46.7 70.0 22(73.3*  50.0 26.7
1.0 10 22(44.0) 50.0 56.0 19(36.3) 63.2 36.7

NAA BA
1.0 05 25(50.0) 68.0 50.0 15(50.0) 80.0 50.0
1.0 1.0 19(38.0) 737 64.0 14(46.7) 64.3 53.3

IAA BA
1.0 05 17(34.0) 47.1 66.0 17(56.7) 64.7 43.3
1.0 1.0 13(26.0) 385 74.0 23(76.7) 65.2 23.3

® Data based on 50 explants per treatment. ® The axillary bud growth per
explants survived. ¢ Pollution frequency per explants cultured. ¢ Data based
on 30 explants per treatment. ¢ Parentheses indicate percentage to number
of somatic embryo subcultured.

% SAFRE APPAANN 5ol UErdr) Assigeel e 159712 2ot
2o A% AYTY WRUN S0MAF 50~74%7 2@HAT. WY 15U o) Fol =
o olgel 2@ molx Ygtout APHAS Afrko] 7 ¥ A 50%AL 7
B R AS 60%3Ed oW APRH] YEIAYCIE YRE Gl Y A
44 57dY dotde AF Aol Be AR} U
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a2y 5% 4+ M7 0MAS uigstd 233~533%S] LEES B
gopFo] B3 eFdEc] Y 9A yetgtn BEEo] Hst 46.7%0A A 76.7%H
Tl 22 HEHEAME Zds B2 Ao]E B

3383 4ol 71Nole YT Hoprt ofn] E3tEo] Sl HHAed ol
dots FRHoz AFAIZ] AMMe HHT 4RREHRS A=t a7EHUAG
Auxin# 2t cytokininfro] E8&3eolA BAzHA] FF4 Fxol wet wrgol A
ol EAEdl 24-Dt kinetin&&xjg]e] 3¢ wi¥ 26U Follof Hoprt AAET] A
Zhebed 553k 50U Fol= 2~3w9 shootw &3HE o] 1.0 mg/LA REAEEEAA A
ENAFT ErHEE 50%, 5T 632%7HA AolAFES BYoY sFEH A
o sle AHdA i RS s dddnh

NAASH BAEEA 7oA dotds R AF&EE7 7P dsstded 2ots
< 10 mg/LA E&A2d FollA 737%, £5F2 10 mg/L NAA9 05 mg/L BA
EGxgFolM 80.0%E BTt ®ig 0¥ 73 FH 2AE shoott e A&KE RA

R

g 0L Fol= fEEfio]l FaEo e dele] HHANM 4~579 shootZ 315
of B4 ot BigFiztel AoiAEAM UF-o B = wiRe] Y&

d BE5S A
ol HAstHEA HA A ot AeiAgtso] MMMIEE He AR
dl NAASH BAE&A 2ol WF 31 715t 22 wiAd & AL a34%
o}z ZstAh

IAASH BAEEHE A dolPBEE 24-DS} kinetin&EHele}t vz &)
oluf vizlol HF PHG FAVE A8 HA WA AGEH et BRE HE
7F AR ey BEHERS sl 08 AFE AAHYoH 5T 0 mg/LH
b el 652%9 4£RES BT 4~5709 shoot7t LAE] vBlBH FFH
23

-z
A

32
a4
s

(W) cytokinin® @828 &3
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BA¢} kineting& #4705, 1.0, 20 mg/L¥ gt ¥ 5093 gt ob-g HopAl
FEE ZAMEE A3N(Table 2-19) cytokinint&x 27t 3173 HopAAoA auxinF
¢k cytokinin® o] RAEEER G G wE Hoz BAMITY 49 1.0 mg/LAA
dotEd €53 2F WG 15973 FE dolrb st s 30U BolE 3~4ui9

2ol AU viF 0L Fole LUH®RE SAHAL

Table 2-19. The growth rate of axillary bud on MS medium supplemented with
cytokinins in the axillary bud culture of flower stalk of wasabi
after 50 days of culture.

Cytokinins 'Dalma’ "Ulreung’
. No. of® Axillary bud®Explants® No. of®  Axillary Explants®
BA %}nne;tir)x explants growth polluted explants bud® growth polluted
g survived (%) (%) survived (28) (%)
05 23(46.0)° 739 4.0 16(53.3)° 50.0 46.7
10 20(40.0) 75.0 60.0 19(63.3) 789 36.7
20 22(44.0) 636 56.0 20(66.7) 450 333
05 18(36.0) 778 64.0 14(46.7) 571 533
1.0 20(40.0) 55.0 60.0 22(73.3) 81.8 26.7
20 26(52.0) 57.7 480 16(53.3) 75.0 46.7

? Data based on 50 explants per treatment. ® The axillary bud growth per
explants survived. © Pollution frequency per explants cultured. 4 Data based
on 30 explants per treatment. ° Parentheses indicate percentage to number
of somatic embryo subcultured.

KinetinX gl A= BA%H 28 Z#E Bded 2vtF9 2% 05 mg/LA e
A 778%, £5F2 2% 10 mg/LAYFoA 81.8%E 2 7MY FL BFLRRE
vebdlom R "ol Batgl e A shootwshe whE A o] Fo)A AR HHAAME
2~3709) totdz E3HrE AT
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ol¢} Zo] cytokininF T&AZNAM TEEES wiI F9 Mo A2y

AeE fgon dolyPEE uwA BE Holojy A 4TI A s

e

e %FEE ZAHATt. 229 auxinF 9 cytokining o] 832 9 cytokinin
7 @&Aeel wiRrIt S0de]l AR : WEFvE AEHA &L B g 2
A e ol AL ARME FFH wet g4I Eiid dols *3%‘/‘9]%&]
o Ax FFE FVeY I Bo wigEAe] K bk wt ARHE K

5ot AREA BE WHFE PERE AR AZEAAL o} 4 Edurol 27

Q) =2l8t BIFIAM Ik 1858
TEEEEIS] doprt Ax=He st B9 3~4v) B w LHHKRE FAAID

Bz 2ol A Hojgt Fejsto] @FEsEMel] AlhuldstATHTable 2-20).  S21u)

)
2}

Table 2-20. Shoot multiplication from axillary bud isolated on MS medium
with cytokinins after 60 days of subculture.

Cytokinins ‘Dalma’ ‘Ulreung’
. Explants Multiple shoot Explants Multiple shoot
BA Kinetin A itiple £ . th ltiole .

(mg/L) with multiple formation per with multiple formation per

shoot{%%) explants shoot(%%) explants

0.2 100 + 100 +

05 100 + 100 ++

10 100 ++ 100 ++

0.2 100 + 100 ++

05 100 ++ 100 +

10 100 ++ 100 ++

? Data based on 10 axillary buds per treatment.
+, 1~3; ++, 4~5 plantlets
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Ae 344 REERAA shoote] FFo] YUY cytokininTd BRI & ALEEAE
ol Aldiuid 7435 E &S S48 wapzion wld 30¢ ¥ 2~370Y doldz
THE U AEUEEY ot A HEFdAM 100% totAls B4
25 FEol TAIgle] BEHER] a3t

oheb vl 60U E7EA] AldluidE dolollA Tl tholAle] Frolle 37re] Afo)
g 2o A2 e € 09 Aol M 1~3709] £%H4kE FASIH T PR 4~
5709 etz FAHAEU o]EE LTt 0YFALE AL At Ae
SEEE 3-8 £k SA AT

B AYolA gF-e] dots widsled A R A dgole HdRI=
A 2 AR WEARS AZed dix @ wjgFA 250 Fdu 2id
shootE HhotAE At ol&& £t tA] etz FANIE JAH S 9
ated 1709 TEXE Aol ME tiEFA e L& & AUk =3 ol 2EH
HE 2~3709 thetdl2 F2AE AdefollA 001 mg/L IBAKiol Aol g3l ol
wjoF 159 Fol st 2o} g e ARIAANY £ Ao ol HE
Ae AHBAAA gl oF 257 BifbAIZl F Eoko] o]alste] AL AgA2

4335t BA, kinetin

Bl s Fert Zol AASA AASHA] £t
£ Z2AA17] 322} membrane filter5-2tel] @& tholxa] BARLEE 2

ZIARR % - RN 2o S A st FHstEdg 22l 4
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EAlA gZo] o 2cm, BF 3~4viel £¥EE st st thTable
2-21).

Table 2-21. The effect of membrane filter on the production of normal in
vitro plantlets on MS medium with 0.2 mg/L. BA after 60 days

of culture.
Fresh Dry
No. of No. of o 4
Treatment® shoots multiple giré(l?i?ite 4(%) weight weight
cultured shoot ? (g plantlet )
ME+ 20 3.55+0.19 0 157x0.1 0.16+0.01
MF- 20 2.35:0.29 65.0 1.42+0.1 0.11£0.01

* MF+, with membrane filter; MF-, without membrane filter.

MFAH2|(MF$ $3elgr 7 Ii(MF-)olM 6027 sjekst Az chobajse
ME+e] 2% 3674200, MF-¢ 2% 24742 MF-4277h $5k80t 23c. =

3 TostEAe MF-HaFolAut 650%Y YEldE=d ojAde EdsaAg w24l
ke Easted wikglz] wjEoll membrane filterE F23lx] & ujdrUo| T

oF R H L= AulRst F A2 ZFAd shoots FHFHA dgivin B 4 o
Ty dd Fdsid 28 ME+ AzlE s melA siey Ae FHsie A
WAL A gn AA dolAEE FHIEA] ¥e AMnE BYg = )

oF 36708 FTAAH & YU ol Zo] HEEH S membrane filteri-Aoll et
Tzt #ieo] 318o] sbeetdn F7IzE vidvIvelA BEE Aoz sidrive) 7t
Xk,

~TRe AAR SAL A8 Fasn 2ot
olet o] AWM RS Adsts oA Be AZAA Yo} =

Zol FRst@gol 471AY BeiH oz WAL F@stel Go] A mA
MFFRUE WFD hFFYstey 2 AP A4 3

0, MFola A% AAAg9 o3t MF-#2) el 448 F9std 93
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AHsted SEMS T3l 7158 BEg An 7)1ge] 2719 EdolA] AARAe vA
BAAE FEE 7 A

MF-olA £FE do] A% fflolt B ol oIS 29 /130 5§21 3%
Hol AUk 71E9 271% AR EA Hste fEE o D" L7l
FEoEd Yo 7|TE doA ®ii" Jul9I epicuticular THTFE

Al
53] ot Eo] Wil e cHPhoto. 2-4a). ¥HHe] MF+A 2+ A9 71¥

filter®] FZtoll e} 7tAwgho] 3 K
22 =] tH(Photo. 2-4b).
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L. PPFD A28 membrane filtere] &3}

nFYole] Haegdzz fae] HHEE 7IHAAM Fx] - F2A% F Fn o)g
at7] f1d e 001 meg/L IBAZE H7be wix]ollA] oF 30~60U 3 mtste] et
AE FEsfol shi=d] ojwl vig7|ThEol] Bl Feirt FEshof potol]l &7 F AA
" 4o 7tesid.

Shootoll A BedAl 2 y#Elgre] Aefol] et Rejufz]o] Aldisidg & o 10~20
Y7o Lol hRE o|FoX AT AR BeAfo] BHF3 TREEe H$ v
¥ 6020l At Hy eyt LAEA AV IemBE Z7|6A 3~40H =R
A= e AT

2 A¥8oAE potel 01’5}-’6}71 M ZIWFEE FedART ohlet HAdn=

A-gA1717]1 st MSul=lol 2% sucrose, 0.01 mg/L IBAES #7135 #ajAuiz] &
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AFSH G TH Table 2-22).

MFgAe FRE FA BHHF IR AN 4FF ol HEd Ay

& 2718 AAsted ok ool ANL, AFHIF 6~THHE ¥3}s]

3 opewael] HEg JEZ £HY YRS Jdo2 Adstd A8
REEmEEETRAAN 25, 50pmolm’s M FE 2G5t 22 1387, 115702 75

pmolm s X8 7F 15570 Ad vls] He AL
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fu
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obxl] ZAlo} 75 mol'm %s A
g oA vlmA gol LANAY] wRolm FHAL 2% 50umolm s b 60,
57cmE YEY 75 gmol'm s ' 2l ol A 46cms} BlmE uf

Table 2-22. Fresh and dry weights, and water content on three levels of
photosynthetic photon flux densities{(25, 50, and 75z mol'm 5 h
in cap with or without membrane filter.

. Fresh weight Dry weight  Water content
PPFD (g) (mg) (%)
(#zmol'm “s ) !
(plantlet )
25 MF- 36107 244.8 93.2
MF+ 4506 356.8 92.1
50 MF- 25102 260.0 89.5
MF+ 1.7£03 174.0 89.7
75 MF- 2703 258.7 90.3
MF+ 3106 336.8 89.1

* MF+, cap with membrane filter; MF-, cap without membrane filter.
Mean*S.E.



Photo. 2-4. The effect of membrane filter(MF) on rooting medium(a, b, ¢, and
d) and the crossing of 'Ulreung’(%¥) and 'Dalma’( % )(e, f, and g). a: Abnormal
stomata of vitrified leal in vessel without MF(a) and normal stomata of
non-vitrified leaf(b) in vessel with MF, ¢ Cont.(sucrose-free medium in
vessels without MF, PA, Photoautotrophic(sucrose-free medium in vessels with
MI), d: HT, Heterotrophic(2% sucrose medium in vessels without MF), PM,
Photomixotrophic culture(2% sucrose medium in vessels with MF), e, f: The
mother plant(e) and Iy seed pod(l) after pollination, g: Somatic embryogenesis
by F; zygotic embryo culture.
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Fig 2-1. Number of leaves, petiole length, leaf area and rooting rate on
three levels of photosynthetic photon flux densities(25, 50 and
75¢ml ms™t) the in cap with or without membrane filter.
MF+, cap with membrane filter.

MF-, cap without membrance filter.
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& & Jduth = BWEES 25 50pmolm s A el #7155, 145ctel T 75 g mol:
m’s '7F 012 FRAL 37 FrtEe] MFEoMe FEGPuhR|M o] gL
nPEo] vl Az AFE ok HHKRE 25 50 pmolm’s A Tl 833%,
75 molrm ’s ' A 2l Foll A 66.6%2 75 #mol'm sec '@ Tl A kzF AT o] AL
el xlof] AR A1 Bl e wet & Ao ditso] FHIYLE
Bxol W WZEL E 9uit oz o a8y PGl B2 Eo
25 100%S el fel@ael = membrane filter¥&o] g3} o)),

Fo] Hl@moM 25umolm s el FE AHFo] 36g, 507 THu
molm %' 7tz 25 27g8 UElo] 25umolm s M el Fot <kt Eghou #iy
FL 50, 75umolm’s A2 FolA o Eol A=A Fgol A YETh

FH, EFGLuge] A AEHE BemolmsT AYTM 161AAT 504
mol'm?s 'Ha TE 12712 75umolm s AT AHA BT Likiggio] ok
Eokoo), BHIRS 75umolm s A TN Jbg Rkt 28y 25 umolm s A
gl ol A FEHdFulde] ¥EfEe] 155l d Rl vsted PGl E 184
2 <7k 714 membrane filtere] AT RBP4 75umolm s T A
Bt A9 & 2718 el

249% 2 EFIPNGNA AAZT ABF L vIBY 29 FEAPNGe 25

—

pmol'm s ‘2277t Z+z} 36g, 244mgQl Rell wha] EFFduldel - 45g, 3638
mg 22 membrane filter7} &8 BEEFEHRANA ABAY -8 R1%, F&
FEohYell M 932%F B EFFEuidelr ok 2yt oy 1FEQ] Hu
mol'm%s X FAl = gkigd Z xol2 Bolx| Rgrond 50 umolm s A ] Tl
A EREINEY B AAF L FEFTl TE M T vt HA YEepstt

t}. SucrosedE =2 membrane filter®] &3

Qolol HMHMES o8¢ W porol olAet7]A whAIE B shootZHE H



A 2 @EEES At AEA A " adrau)R](2% sucrose, 0.01
mg/L IBA)IA ¥l%7]o]l membrane filter(MF)E R &ASANETIY) o) R 224
ddeta, =T BEHE AUt BFREES AMNE Foln #AWY pidEL
FES FF 1A sucroseF A Foll A FeEAYufAQ 001 mg/L BATS H7Hg ¥
membrane filter® ¥ 3 FH(FSHIFNP)I v Fs(WEHE ERY

T A HEA AER GHZol, 9¥Y 4 22EL A L(Fig. 2-2), &
B, EME 2L AKEL AR HTable 2-23).

-

Table 2-23. Fresh and dry weights, and water content on type of cap
or basal composition and carbon source in the media.

Fresh Dry Survival Water

Symbol® weight weight rate content

(g) (mg) (%) (%)

(plantlet™)

Control 1502 90£0.1 50.0 94.0
PA o 20x05 258+0.1 100 &87.1
PM 3.2x06 430%0.1 100 86.6
HT 31x10 360£0.1 100 88.4

? Control(Sucrose-free medium in vessels without membrane filter).

PA, Photoautotrophic(Sucrose-free medium in vessels with membrane filter).
PM, Photomixotrophic(2% sucrose medium in vessels with membrane filter).
HT, Heterotrophic(2% sucrose medium in vessels without membrane filter).

gjgol o] 8® AZAE B 4~51A XS] shootE Hdste] APAEE o] 3}
AL WY 60Y Foll HEA] AAE R FATYES 28I vHPhoto. 2-4c,
d), sucrosefEFHmE AN 2] 308 0]lF ol membrane filter B2 FH(MF-)Q HEF

27 FEPGGuiFe] AS WLy L Aol 2 Holzk vehhr] A%
stk U7X E Rapdo]l FEFGLNAM 20%, NETFolME TR &gn
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Fig 2-2. Number of leaves, petiole length, leaf area and rooting rate on

type of cap or basal composition and carbon source in the media
Control, Sucrose-free medium in vessels without membrane filter.

PA, Photoautotrophic(Sucrose-free medium in vessels with membrance filter)
PM, Photoautotrophic(2% sucrose medium in vessels with membrance filter).
HT, Heterotrophic(2% sucrose medium in vessels without membrance filter).
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g 608 Fols 242k 95, 60%9] FeRAES BT HHAAFd e ke

B diAFEe] PR JIEE FxE Ryt FAHAY dz2T7o e AL
SemA & Rell AFAHA @ot sucroseF AN E MFE F38 3¢ F2dsE ¢

APl A Qe Aoz ek E Fiise) 2 A2 sdomd B
SYIPlgol 178m’2 o 2ujold AAsol 2 HolE wow, YA S

gt 87.1%, dETE U%E UEhY F33 2olE B

Wi 0L 7= Qo] astddo] Ao AolE Bolx] kot vig 60Y Fo
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2% sucroseZt A7te R Auixd MFE F23 9L 297t S vl

FHA MF KA 3R A4 A&5d £L2 9&E 7130 Y 15~3027}

Ae Wt AHE JHoR MPRHelRst RIS E 2 BABAE 2 9
& wolXt Wskth mFWolel shoot® WelL WA o] RS o 4027el
= Ry elst 24N o 212 Pelsh 2SN we Aol i u)

A71zkel o AUE gL 5] g Holdnh g F oF 30Uz 7ol
A EE THAREY B A9ds MPRATA Pt o RE&EE7E g4
w2 A &= At

H23to)l 9 muiltiple shootFE 2270, vlR&te 1202 v F-&Fol 4 uf
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cb o 2809] shoot7t FAE Aol & ApolHch EF &KEol ISl
86.6%, TE5ALMLANA BA%E MFFATAAM e @A vehdteon] 4o 4
BlE wig7ite] ZESE 13 5A4E do] njRaFo] A vla] FEHIY
djoekel ok widriUlelMel &8I F AHE S4o] FRHUG o9l
sucroseF- 2 2l 9} 2% 2] Foll A 2% sucroseF 77 MAH oz AEH MKo] ¢
st en aFA sucrose 2%, MF7F $-2tsl Etd Qo doll A A2 74 &4
¢ S B

_91_



ol & HEHAAM 2zt ¢3kd HEAE WY 0L Tl A Fdd 2ol A
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BN vigRY virusolBAEE HASHY] Al EEMEY(Nicotiana  glutinosa,
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Table 2-24. Growth increment of seedling, division seedling, and disease-free
stock in experimental field cultivation of 450m altitude.

R Days No. of Leaf Leaf Petiole
Ze};illil;xmg of after {::f of multiple width length length
g planting shoot (cm) (cm) (cm)
Seedling 60 53%x05 24*04 98*x05 7703 11.9%x05
90 11.8*15 3008 107%X05 76*04 11.2*05
130 106£21 60*x10 72x06 57%£04 103%08
Divided 60 48*18 12*x02 62%£05 50%X04 80*06
seedling 90 56098 13x02 72%05 59*04 91x06

130 64+08 20x05 89x07 72x05 100%x1.0

Disease-free 60 93x16 23%*03 109%x05 83*05 136%x06
stock 90 184*34 49%*13 102+07 84*06 129*06
130 237140 93*15 100%09 71%£04 11907

A4 30U e BE 289 JEA7E A AR A" AejolA A
Egoz ojAFo] Eddl HEat: A7z AAGA AZH e e A A
3k Rtk & FERO o RE AP 70 AA A Bo] 4-5uid A
Blastd 23l8 FRUL o€ AR Aol ed, 4FH REE A9
ARHA Zshdoh

au A 20 F ZANGY B5Y)dlA dote] £F vind u SHEE WY
1208572 20702 AopF Ao} M Axsden AR wjdEe A7 24, 23
M2 A9 vlxstd o A4 3L 6Y 258 470798 BY)Fl= 2R F

+ 30, 60702 FAHAT WG RE 49, 93712 S = Zﬂﬂﬂxl gl oA
FE7t 7V 243 Z3%E B AoK(Photo. 2-3f).
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Table 2-25. The rate of seed setting of the cultivar ‘Ulreung  self-pollinated
and ‘Ulreung’ X .‘Dalma’.

No. of Seed No. of Seed
2 X s flowers setting flowers setting
pollinated (%) pollinated (%)
‘Ulreung’-1 41 85.4
‘Ulreung’-1 X ‘Dalma’-1 134 70.1
‘Ulreung’-2 39 60.0
‘Ulreung’-2 X ‘Dalma’-1 116 60.3
‘Ulreung’-3 39 745
‘Ulreung’-3 X ‘Dalma’-2 118 50.8

$EENS BEOE §m AWE YUE HEACZ sl AAT ZIL AN
¥ 50~6090] ATHHNL W FHH DAEAE M Photo. 2-4) ALt
FHAEAE FE317] sl NHNO:9 KNO:S 1282 733 MSHiAI9 1.0 mg/L

S #ohe iAo KBS WY AN(Table 2-26) ARZUAS BAHA 2
o WAL U 2FUTRE Boph ARl H4H A2A 4B 10
mg/L IAAS EE37He AerT o4 BEEAT

10 mg/L IAAR bR i 1FQFRE wARe) B AATE Bohsh
7 Naksked ok 0AZANE AG L BN AHAE FHAL T 2HEA
N A4 et 24gon g 5Uo) AHHAL W A 1% Ee Fo
2ol Aelx waglel AN 24 2451tk Photo, 2-4g).

9E RelToh AEHEGM TAATAA AATATERG Bolgo] O ERoo
10 mg/L IAARZ TS AAZHLATo] 7 St REMTS o140
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Table 2-26. The rate of germination and somatic embryogenesis in immature
zygotic embryos culture of Fy of ‘Ulreung’ X ‘Dalma’.

No. of Explants Explants
% X 3 Medium explants forming embryos germinating

cultured (%) (%)

. . . ., 1/2 MS 45 24.4 51.1

Ulreung =1 xDalma’™=l ) » \icjape 45 466 422

. , . , 1/2 MS 32 25.0 53.1
- >< —_

Ulreung'-2 > ‘Dalma™-1 ) » isiiaa 32 53.1 31.3

‘ ) ‘ , 1/2 MS 25 56.0 64.0
- x -

Ulreung =3 > Dalma=2 o \is.jan 25 64.0 56.0

* TAA, 1.0 mg/L 1AA.
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Wit 50U F MRS HEA dELo] tdelAE F45H] 40~74708 #¥E
5ol 7Festdn 53] 1.0 mg/L BA H7btolA 7HE ¢5sidd. £33+ 001
mg/L IBA ATl Alisjdste] Relg wPANH o, AFd Zogo &4 HL& ¥
2000Lux®] X3 20C2 2HE M &34 S A F E32 40me] F5T
W HIEES] FAsA ZUelM SA4" B AuiA A HgHE A
Fed B HERE Aol A UAL EM 2~47MLAtolddl Ry 2~37H2 F
g 42z 43EU

Table 2-27. The effect of cytokinins on multiple shoot formation from seedling
of F; immature zygotic embryo germinated after crossing of
‘Ulreung’-1 and ‘Dalma’-1.

Cytokinins (mg/L) Immature [E*forming No. of
embryos multiple div.ided plantlets

BA Kinetin cultured shoot (%)
0 17 0 0
0.2 19 100 6.2
05 , 25 83.0 4.0
1.0 22 100 74

02 17 88.2 v 45

05 25 100 4.8

1.0 21 100 59

? IE, immature embryo.

A Auidn e 23F AAe 3 AuiEz e 16709l A 1998d

M
EXE F8o] b5t obd 2739 S4E AR Radedl Al ohgd W

old& Holn Q& uh $FAAY Mde] ZidiHz Tk
nEyolo] MEMUAS BRKKY 25 I FH o2t AL, shootd

3t 2 AAZuZL LA ol el FE TR £ 5& WA= vk o
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L Y APrE FEHJAD Aesst 2450 AYAZRE shootR s
oJToiAAY AATHI AR Ao BAAA Qgith  olsh go] mEoly
ZAWFAH BAA) Folol we 4FRAA TR BEE 7 W) B A
)% moldl v&HE s AHx R AT BHBTE AFRTE @
o #A 18D PSS 2 MSHAe) 0.1 me/L BASH 10 mg/L 24-DES
AN WAt BHEEZ FER F AZZEA A AR NN e
¥l AATNE TN, A LMAI)E v S sl A AATs 24
€ 01 mg/L BA% 10 mg/L IAAEEA7t 713 oy MS, A% MS 2 B:9)
ARujxlo] BAZ B7H2 A4S SAYTRG AMINLAL 252 Ao} BAT wh
Aol AsRolhn ser] B ABIME 2L ABE BAG. TP AMFE of
AYPESt AG7le) v FRe NFY A JHYFME AFERAA PAYT
N4, 718 vIEHE 10 mgL IAARZFFOIA AAEeE o] 7y FEsitia
SO 5, 1905) D3 Yol ZNGY A9 ANL o) wet AFEEAY %

Afx F18NE 3ol AGuigollA AFEHEA F2elT, auxin, cytokininol
A7rE wiFel A deAiEhr 2RSS Baustgded, 2 A¥dME usuE o2 ¥z
24719 vlsul2 725 auxind-§x et BAE E8Aed & uige 23 JAA
dgAole F2 A FEkol ol Foixli [AAS BAS &Y A¢ wiY
xzo] AiLstHE A& BAFATE 24-D9 NAAHZ FelMe Aejart 2
¥ %213:% B ¥ Mot £3HE Aoy Bt $4 - FAHAE ¥ot
azgole] AgAal Fiso] e geliikel EFo] AY2FAE o
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Relg BASD G REL ZAuA6] ol4se) fATe) GurIRo] Y oo}
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ARNZ F ARG B WTANE ZAAAZE BT AT, 1988; i}
A, 1992). oW A8EE wixe AgadAle] FF9 5Eol oleh shoot® s, 2
B A 9 Bedido] £ e dAHEY MK 51982 1~2 mm A7|E A
Ad WEMAHS MSHAS F2 A5 SHNE RNuIxo] v]zgss) vgue d
Hg wlAol AL AR EAEDS st 0.1 ppm BAS H7be wiRlo] X 4ba}
o wjor 1119 A0] 3880 2oz 2AHYD 2o AAE A 35Ul 3
289 sz 43egn sgoh |

T3 AR HELR1BYAANE ARZAE o) gsta TEWold]

S 2% el 2YHA e NEAS S4%L WBEAE oz AR

ue
0%
ol
.,..
s
[77)

BiR] 2] thate] AL AARG vh FL7) 2-300E =3 AHFZAL 05mm]
2712 ek MSHAS MSUMAG] 20 mg/L IAAS Hrsidl WFNE W 60~80%
o] ZAGEsNAE AT U 53] IAAYE HUbE FelMe EZe]l mEn A
Bt 24 F MYl e oAt AME AUk Ao

AR o] 8HE AFREAE HESLE YA cytokininGEHIXE AR
& AY cytokininol] auxing H7iste RepdAg EXA7]ed MSHRl) 02 mg/L
IAAS} 1~2 mg/L BAE E8Aelstd vdgt & 37/0LAd 4~589 EFERS &
AT 0]S S BEste e Ao A% Ausjgstd o o] FRElE 24Y
Aol of AT E FAEo] o]2H oy Az o 30008 EHES FAAE U %
txn 3tk oju) HEEFHAHL HAE Ed 1.0 mg/L ol FEe BAE kg
Agolle My et LA Fotn s THERR &AL, 1985).

B A8 A3 BAS kineting @834 23t 3¢ shoot #3t= BE M 7oA A
100%H v B2y BA, kinetin 25 02 mg/LA]Fol Mgt HAEAT 1.0, 20
mg/LAE]Foll A= A3 LAHA ghol 22 AE A

nFYolo] [HmsMMLkEFEANA shoot¥3HE cytokinin@-8A4 27} auxinte] &
gxdntt 44 F3sAxg Balgde]l 0.2 mg/l BAY kinetin®] A ¥ ZolAwt

L 2

Orr’
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oFZt AYE o] shootdt ¥elE FAll FEAIZIEH cytokinin®E2 FAYHSIAR,
auxinto] E&Aele P2t Helrl BAEF 2 Y multiple shoot®3 2 shoot 4l
F& Azx3to shootZHE ¥ & B ¢ e ARBEHY TH) 528 F
Bohe Zo] WAoo

KF(1983) = 1.0 mg/Lold F=9 BAZE #H7td wjxjolA] 2AE shootE 184
Bt} RePAS £2317] Y5t [AAS NAAZE 1.0~20 mg/L A7Hg wj=)d)
olAstd-E W R A AT eyt ZAHAGD StAEH oA MYl
cytokinin®} 7t wiR]lM vigsle F<F 22 Wl cytokinino]l E£X o] 1 Ax}
B, o4 Fox w2 oAsty] "ozt stk whEkd 23h¥ shootZH-E]
gals BAAFIEE 1.0 mg/lelste] cytokinins &AM vldste] shootE #3417
v o] aAolgtn ¥l ¥ A% Z3 02 mg/L BA9 kinetinA 2] oA &
g Hele widride] ZAasor ¥R P go] FAsA = FUdch

Yy g LEEHKAM cytokininFE Bels G20l F2 AH shoot¥-3
7b olFoRe A9t B2dl HF9 ARFwddAM  s2uIAMS EF+BS
vitamins)ell BA, kinetin, zeatin 5x10°Mo] z+z} HIFERE W A 100%00 A
multiple shoot7} #3502 BAol NAASH IAA $9] auxing #7186 shootZA!
o] A&fHojta FHHTHGulati®} Jaiwal, 1992). ©olRAL E AYM T n|£3F A
2 cytokinin@-&8i Aol 4] multiple shoots¥3&2 A =YL cytokinin®] auxin
o] E&4Xgd Ay UFE A2t =" F shoots} #Helrt LA AEH shoot
A5 cytokinin@&-ei x| o)) v]&) R HzaAo)

ojs} o] nFYolo] HAREEAS WYY S shootF2AolE cytokinin @4
27 Addstd ey Belx F4 L Bl AZRE shoot® i ol FoAx] okt
2 AFA 3ol 7R AMS BEXo 2 BBREMNES WEARE slo o
G ARAEHHE Mot F ZUEAEZ S FAE AT old Algd AW

zao meh 4RzEAY FR BdE 2 Aol Byow WIIPE W el
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%, G, WiE T2 wgstoy BE ZAMA ko) Hant fFEEHJD M X
siit shoote] E3t= fieH, visujuide F2 EHER7E SAHJT ZIEF
2% AY shoot £317F o|FoR el oE ZAMY A FAE Ty
A gt £ chuigolMe FuslE o 2 JHACA B 2" F HAEAR
a2 ¥hgo] \E Azt ch

2AMFE ol &ste] nFYolE TFFAAIZ] st oAz ZZo] MiFANEE
olg5ol ged 1T AT E2AY F - dotg wjdT F 2AHE shootE
AB ool M SEste hFF ANl Ao} ujd 30UAbeo] 2~3uie} F4o] 7}
IOE, 1986 K &, 198647 ik, 1987), thET} FA(I992) = 72

AejFE Tt FSA B otld ¢#A%e] FHEE I Jux HAE

o Q¥ A$ zHujRyst A ol ol gHo FEWAY 3 Fuo] Ha 9l

olg} o] mFWYolE 7IWMollM FHAITIE WA B ot == A%
2BA L T/} Fxo WM 2 Wgol 2 AolE Ro] THE AT gFFS
FHog 3 KEEKNAM wiRzAde 23274 B 9L Az A% 5,
A7) 2-3uE XS BAAXAE oF 05mmE HEsted MSuiRlol 20 mg/L 1AAE
A7rstel iFD 2o 60~80%2) ERML /HAE L& 7 AN, JAATE F7HE A
T e R AFo] FEate AN Y FoE ol4rted AAE AR + A
o stATHEM A, 1984). B SU99NE FI2ExAu gl cytokinin® &
Aol e eddol A glol F2 shoot?r FAHUALY cytokininfoll IAAE
A7ME AS R ZA2art FEEHT RErt BlEH Fehdddls IAARH
E Ao YAT shoot®8t R AFE td Hoz BEE FHdAe I9A ZFHE0
A Zstdo.

a2y o] MMM @ AMAITUE BAAZIE F2 RMRE )
FANER ol gt o9 ol wigE Ao we} AMEMiLt shoot?} TAHE ¥4

o{}x
N;O

A4
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e

ol @l F7Hx EF Aol UMtk = HARMBAM AH LIS
_/'F_

B $2AF ¥2E adz A

o
B>

ARy FdFAsted B2 7|30l
LEUT, KARENEH AAXYE FF3 N 156~30%2 Atololl 174
Aol wzujollA oo ARzt BT @AEES G HEAR AEsH
°F 604 do] AgFo] Aol L HEAE de Aol et Y FA
T FEA0] Aot AT B o EAHC] AUAR ¢FY FFol

Adbd B¢ RPREES FHR gIFTAE 438 axHelgn 24
/i\_
=
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(thd
2
1o
o
o

=

S5t EstdAldM e TALE S AHsA1E Be7F U

g aF3yolo) ZJHEE AA Frhdl Bgstyl faide 71l %
Aol WA BIFERZ S widste] 2oz HolAelM FERE 3a T4
HAolM tae] Fhstd A AU olAL AVD FHAdez 7Y
ANA FEHE FA Wasior ¥ A9 & FAFCl ofd F Aok FHIFEALS AS
explantoll A shoot2 FTAEHE 7133 1& AliuF7|dells 7o TAH
2zh, 33+ Ate 57t ASEBEA 93589 230 Yopxied 9 ¥Ysd
HE ¢ o] 44L& HolA U FEEAM ZHA7E gt

FTefEol ofdk wiFrIve 3L g9, SR, COsErE @7] died F4u

§ H4BAE BA2EY 20l e Aol Hih BP2Edzo] o vFRe £t

0 ——

i)
ox
K3
2
Hir
flo
o
r
My
o
ne
lo
X
2
Ehs
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A BR2EY A Asta B
(#7E, 1992).

AF7Ie] A2 AT oY iR FFPAol olFA A
Hed 298 259 W7 CO; FE7F ©7] "ol AEAY s34
RobAed(ELE 5, 1987), s COAES AstAY Bl Qe wig>
el COs s =old HidAEY XA 2 AFo] Fxgo] B 229
BIYAZol Fhseithe Rk JATHETE §, 1987 Kozai et al, 1990).

il S(199D)-& ZAke] BAMAEYHEIA 1uje) Yol TdE vl w)dste] u)
Fx719 £FPAEEEE A Ed, wY71E AdSsiAY AAET) s
500-2500 zmol mol™' COx5=olA 3% sucrose & sucorse®H 2 ® MSHA ol w)
F F AT 2o f7I ABAY €3PSR tlAE 9T 2AEIEE b
od COzEol dsiME wL7IE ZAB/G A9 ARMET 2SR A2
o

RS 2R A2 R7IFE2F F7tE sucroseE HIHE wiA A

off

gol 2 AEAEZE YHLsle HAAHo) Fasith

rr

——

X
ofd
i

Zao) w7l £4BAE FPASAL A9 23 A W) WEel A48
Aol BRF HHKFOZA WAl Fe] Frt YwAoz Gax ged Ao W

F71de HEREY COTEE xGFd wEt A£2AEAe ugriede nEAEA9
2 KAREEES vEhdtn REHAJAKEE T, 1989). wiF7IHe] A4 EX49]
FgAdel 28 As wjAF BFE WIS Fv MEIERC] e ed o
Bt 2AEAY AELE COF
(Kozai %, 1983) 59 d&g werh

T3 K 5(1993)-& 1tie] o] Fad 7xaie] 1H37HS sucrose 20ge]l H7bE MS
s ] viekslte] HAREAIIE 47HAE T2 FEFI LGN BEFIIF BE A
PTLTE HAET 2 AATS =02, WY 1A B 05410 AlEFelM e

shootZolE 7H &A% HE HEF R VAL U2 o FLF717F 24 EH)

%(Kozai®} Iwanami, 1988; Kozai 5, 1983), B4 =

u‘.
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o] A% o Hejol] F3FE vt s

HE $(1990)2 7hilold AAEAS ¥IE A2 o 20E Fitsto WA FF,
B7x, g7l vhole] SRl wet FEHIYG 2 TGS AEAe] AR
S dv@aHed AEA AHEES sucrose’t §1E EnshivZ e sixlor E&
PPFD(?IOumol-m %s1y9} air exchange 3571 B2 2A%(62) 71 =3, wido] v
& PPFD(70 zmol'm™s )9} air exchange #57F A& 29030 718 dtctn sho
PPFDA gjol] w& A EA S AoM FAHdS AARsAT

2 Agoa] 25 50, 75umol'm *s'PPFDA 2l membrane filterE ¥ &3
172 QRS RERANAM AEAS B2 TBumolm?®s™ PPFDAM o9
A g7t FUHERAR Aol 25 S0umolm’s! PPFD AHelolA Al1g® Aoz
e 3, 75pmolm®s ' PPFDA el el A 713 #ol Agale] 4342 2 PPFD
Aelatel]l wel frejdo] AAHNN, FHIYI BHAEHEELHRT = 2R FoAA
& AAEHA gokoy FLAEL THFHFSvLANA R FEsAt

£ AgeA nFole BelZAulxle] 75umolm”s ' PPFDA2lelA sucrosed
2% L= FA Y MSHiA|o] membrane filterE F#stAY w2 F oujgdt A
2} sucroseF32]e] 79 membrane filterS Y23 Ak o)RAE o

279 B% 27) W% 15958 A%el AolE RPL Wl 0Y Hel: BT

r:b

(5]
)
=4
=

(o]
vt
£
ES

o]lRE Fehol WAl AR T wWiFVIE MEHKETE $7] gl RE Y

A g FRHGKEZE Golrh £ Yoz AU sucroseZ o Eaor F
UHE7]e] A ©@Aage] dkEge o) e W A{o] I3 AdHAo Y

membrane filter& 33 ¢ wMGR7IHY t2ustog Kamel 93 ArtEg
ddo]l 7H5alA sucrosedle FHIME AE o ML 3

oje} o] A ujgel] o AEMH L FAHAE BRI AM FTRE FIE
of gfftEe] A nFYold] FTAE AL AFstd HAWE o] &Y AS wAs:
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AT BAE Add AT AdMEE ARRE, AT Ex3, 87329 nirE )
Fshe Aol anHogled FHE LS AN E KA, AGEEERA LS sl
T Aol oA Ald ¢-2g [FARA FLHA ] dstoz HAHAH vy
g widste 1AS 46k @1 HZ|MEde 3EEY vidE olgste Ax: ¢
ZFZA AAE 28 F e T Polztn Y74

FFE F5E AP F EEH vt E wjdst] Aol F Ao AEAE
°F 6097t AAEY 4~589 HolA2 FAHEH ol LIHkdA Uy FEF
2 A 02~05 mg/L BA =T kinetin@&vjAol] Ajujdstd shte] F¥HE
OAl Z5EE FHo] 7HsstAt. olg YE MEm= ol&stHy FeE T
of Itk Bzt To| o]y FTEEFE FUTA 43
BAXE FollA Fatd R A&EE 7170 of 30~60¥°l 285U 7 Fy2
Aol Ad o]Foj2A] P FeE BT wigHAM AsHe ¢ FIH3EAL0
AAY shootF A HAFANA 1.0 mg/L BAolde) FsxollA Z71% vigd A5 ey
Aol s ol At

ojg} Zo] mFgele FH M BH%FZHFMI whet 7] HEFYL 2o A

o

tlo

nx

>

e

Y,

i

o

o

[\mart
o

é >
i

ZFEA ZIdelM ®E SAAMNTIE AAle EF 2E ZEE AXNA Eh ols 7Y
28 AA FERE o&d M 7 R BHNEREAM FEE ASAA AuiH A
o] Egell ojAE F YR 248 R EFEAY AFAolE zAMso 22
g R fEmEse ol&7tA o Fo] diF AEHHU H2Yo] FHH o}k e E

289 AL ExATHY VIWHEE 20TCTHN LA oF 27043 Bifbgize A

M

A5 PRE D AP 450mel Avixol YAE, MY $FE L THRE 2%
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o Austgd THEe] A%l 7 ST HRe] AMARNAY A5l

rir
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kg
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o
o
il
oY
o
¢

Sh)
2
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52
32
a

2 HAPoN LEEMEERE ol&sld £3td dotAle 2858 A AAAIE
RFILIETEC A AMEEE S8 tobAl T4, 149 IS 22 ol 3444
L\

2} 3
o odojoly thohAlZ Aol BE AAE BPHUCH, U ANAY F AE S
o o Mol W72, €HII R KRzl 2AEUCR ERHE o

e AAAAZL 7he skt

A48 2

.

2 Afe nFdols MAMNE AWl GAFEAAAE 2halr] Ak
THES TR, RFEE, QR BHE D REEY) B 5 Wil AuR
Mz gRzaae) Y sEol We Wals EME 24, shotEst 2 A2
AAE S HGT A WFEA L TR,

wE VW REWE A7) 9% AWoE WMl A4 % Ssks,
£45h membrane filters] Yol sk HHME B RAEH, 71 K] A
oA PlAE EAE P BERASAN 2ANAD, BEPLY, TEIAL
Mopgel e 4ol AR 2T

QxA wEwe THFE 44 2 AMAcde AU AGarl st

% 450me] ;3 ol AMAA AY T YFPAE sG] SANA A
e A% AulF Lob's £5FY WA F R AMKEE Wgstel AATHE S5
S$AG 4BAS WolAA SHHT ZANTIE AU AP AulelA AAs] =
Fi A9 A8 AE 9717k msEAA ERA ST
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F e

ol
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ox.
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1. B8 SRLEERIE ok WL

7h FEEI FRrssgd mAle AFxEAed 23

FAE 7IgFst] Wold el FEA TS ¥ Ax, AFzAA
FHol uhet el W Rt BAEAoY 4 Helae sjgride] BAEEA
o olde] $4& Holx ¢gtu A2 RE shootsh=s Ae AT HolAM wi}

zdogE PAPARG,

U, kEEEREe] o3 AT 24 2 A2a Bk

(D B~ 3 AATHLAS AT sehFolt YielAE A BAHA 9
Stoul Hje} 150 %) AAEAANN A BANAL B fE9 F AYA2Y
o ETst @48,

@ fn e A9 AQEANN A7 BARE BAL 02 me/L 1AA
A2 Tl A9 50%Hom 27] A7) KHEHEAN A HLAL 20 mg/l [AA
oA 833%=E 7HA E sk

(3) 229 TEME AMTAE kinetin BAHZFoIM shoot® 7t wmd o
sehn W VAFIE e AMERZIY 1~3749 Sz AREow
20 mg/L zeatin®] A 2HE shootold YO TRE Welrt 7bg ol LN
. |

(&) BT Sele) BYEE 02~10 mg/L BA, 001 mg/L IBA &8 % E8u)
Aol wpetele W BABSWMIAE Sk Z40), 001 mg/L [BAL %ejudel &
SRl on] BAMME T2 A4S FEUUE Weltae Hzshalth

o AeEdzze) WA &

(1) Auxin BEANA [AASH NAASL Bei~sh ®elsh 32 2ASAD K
6020l Ael2sh B shoot7h BHUUSL shoot EAE HEHAT, 24-DH

T 458 #e2ddA shootEdte A £ A

rr
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(2) Auxin® 3 cytokinin® &E&xa2& 100% 227t FEHJD A2 o
o] HegAo]l AR oY shootd-3he AZxsHATh

(3) Cytokininft @& 22248800 2 shoot7b &350 th2] thotH
2 S5 e8 02-10 mg/L kinetin =& BAX 2Tl £3EESEIT /M &
33kt dolAle o] 5EEY 02 mg/L BA £2 kinetin¥ 71 R]o)] 270€ ojd}
MAEESIHEA tolAE mFHHsIF

(4) AL shootS MHZ EEstnxl sl Z2-¢ We@Au|2d 001 mg/L
IBAujA]ol 30~6093t viRst & potoll B, BMLAIA E e S + AUt

(5) BATTRHE 2y ¥¢57F 001 mg/L IBAuiAolA] Be]dtAgel] v]x]
FS A A3 02 mg/L BA Akl FAE Z8HEAAM Peio]l 4} &
st

6) ¥R VLT 28T & U LUKkl FAF 7170 ded Ja
114708 1788 YifrolM L35 E7r 348 SAHAG. o) &iHkelA 149 A&
Az A2 F U 8 st 2L o2 23 Agud Folle 50~10971=
FAEo] wig 1dFdE & 630HAME FAES o] LEIRO 7}‘—5-6}9&‘:}.
2h, el farsgsgol 93k L3 Aok

(D 3t329 HBHFE MYARR & ZF ¢EF22 Fohlli 70% oehgel] 1%

rir
of

[\
He

N
et

A o5 7% calcium hypochlorited £ ol twin 202 1~2%& Hoj=yf 8~9
A5 5 EFR 673 FASER HHRES Foln AESEE Folv 25
¥g THEsA

(2) ol B3HA &2 TEKEES AE3ted Y7o Wylez 4A5sle Aol y
<€ % lem Zeol2 EH3A cytokinin 9 ©£x28 9} auxinF 9} cytokining & &£§
Aelg Aol ## 23 cytokininG-&X el 504 F 4~5919] shootF2]o] o
FolAth
(3) AFEAY FELHMioN A Holrt E3bd F K¥o] 3~4v] AU uf £iid

Shid
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AZAE stAzANA Flstd BAS kinetintH-&ull Aol #x%S 23 g 104
dF5EH 28 fFe A7 AR g igr7Ide] AR wet LikE F
Aoy FIPd zaujgolret 2ol 10 mg/L BA% kinctin®&A 2ol 4 ot
otxle] FAo] FFEA

2 2oz 2739 BEimoRiseld Y otds B2 ASE BolsiA HE
giol vide g t@FSAol 7Hesiath

P
T A

rlr

ft

2. BBAES cAALH

7v. EWBALE @Alo} vl 2= membrane filter(MF)9] &3

() 02 mg/L BAZ A £4E ZAMAIM sl ARE f2 ZA
membrane filter?] F&FHE XALSH7] 8] LHEIE SAH Jo] FHSEALES B
9l A AH FHLo] oF 2om, A 3~4vie) BRE Husted MFA el (MF+)sh
23e)SMF-) W7 ol H 60Ut wjoke Azt BRRSE MF+el 2S¢ 36702
o, MF-o 79 2470 MF+A2l77h S48 Btk

(@) S5 A4 MF-IA 650% Lhehtort MF+8 el delses Elite
He ways A ebgte},
(3) MF-old 858 o) 49 Krlolth Hp 5o o4 nel 7130 $2m

=

.

Bso] Ron AANEH vlstd Filel 77 Ao LB LM 5
23go) ooz FHL Feids AHUAT epicuticular TRFREL wenx) o

o} o] wjzma& Heidth
(4) MF+x2] 79

Ae 7
FHe U FEZEE 98 297229 F32o] xYd membrane filtero} F3E

1}, PPFD# 2]¥ membrane filter®] &3}
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(1) 2&ggulte] AL FHEL 25 50umolm s 7t 60, 5.7cmE YERN 754
mol'm s A2 79 46cme} BlRE o A =FHYod, FEEKS 25 50 mol
m7st A 77t 154, 145er0]2 75pmolm s '7F 2012 FEHL AA F7hEHA
KMo &G FulRoNM o] AEE EXxEel vis) Hz¢ A7%E B4t

(2) PG AS EFES Fxo] B Jio] E Ho FEYYy
Ztolg Holx] @3 25umolm’s ‘AT F&G PG Al 155w R
ZAol vlal EgGUsiRol e 184cr2 2k A4S ] membrane filter?] 43-&

ot BumolmsT AT o] Ae FHYY A9 2L AVE Yehdd

(3) B2L Y EL membrane filter 2] 7oA 10045 Yelo] o] a7THY 43
sttt

}n:

t}. Sucrosel2FE 9} membrane filter®] &3

(1) Potoll o]AlHe] Bl 4-5v)9] shootE sucrose T3z} FrollA] Bkl wjz]Ql

001 mg/L IBA%HS #7}3F & membrane filterS H23F 2 OEH 4%} n) 52t
<l3 (tH 2 HE 3 ujgst 2o FEgAdguidar] 2 AdEo] 4353}
o3
AA

(2) Sucrose-A el -2} ¥HiE T i 6098 F 0% AEEH] Py Fuigel
A1 membrane filterell &3 JEHL Zo7 AU

(3) MEEEREEN LI B BeRfkel AEA A4 R
o sucroseZt FAel® deje] MF+¥ ZE5ydduidyd vladg o EFddel 71
T dsd 2RE Bk

(4) Membrane filter7} &€ M RN SFISuLANN  HkEe] ZHZ
87.1, 86.6%<%! ®tHol| membrane filter T]HF&Q1 R FLHPggwde zhzt

94,0, 88.4%2 el membrane filteroll 213 fiawiol 4o #aE U

3. HEEE Y Mtk 2R H ANAY
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7t WA BRXE

B EEEY viusolBAEE Ak A8 YT DAS-ELISAE AR o
2 #lslgd vl X ZAEo| o AANM Nicotiana glutinosal A= ZFHEAHE
Chenopodium. amaranticolordl M & 22 ¥bd, nFYololA s 2xldubd g A3}
Atk DAS-ELISAZAANAME shtpdsE A &4 o4 TMV, CMV, PMV, WMV7} <
12% #REASe] SAHGAT FRSMABE NEFS ABANME TMVI] of
33% ol¥ = At

BHEEEA Fdo 71 FEEel AuAA HEHe BEsly] st 44
B, o8E 2 MREE 78t £33 450mel AlEEAelA el Ax FHETL
AEA 12% 9349 BHFERES B 7P dEsiie. =T 7IHEE AuE ]
A Basted Aufstde o B es ASHo AT EaE v&) FEdA
B2A HEAY Aol gdsiied MEHEM o)&o] st

r1

4 FASS A 2 4w g

7t XA

252 MRS MY ABATL 600-854%N0H THKES £3-1(P) x @
o-1(8)olA oF 10%% 2ol Fhd FEsidenl B ASANME 509013 Kk
e 22 & A

U 2efEfES] mlssuful kel ok AAEH A R Tops

$557 AT 2o TY F KRS AAst Wed 2R AREYAE
ArkekA e AN E Wi 2FYFRE Bobrh AlAslo] A HBAZ

g

oX
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ZstAY Q2 A Eufrl BAAStE T, 1.0 meg/L IAAR A E wlg 2590] A3
o) FEEe] V] FolAM AR A dAHdG

o mAEAe] WolF AeA 34

253 EubEY kPERR o3 Zold MM E BAS kineting @84
23 w20 EEES Fo ZE A2FdA doldz E3HAn 53] 10 mg/l
BAX g e A 74709 £88 5o sbestdth o] #MEL 1998d ¥ 8
oA up SFA Q] Aol ZHEH.

A54d A1 F

1. BEHE, mIEs, 4%, £UiHE 1995, T3 Y¥ole] RAMILILH O R e AL 5%
43 HEE T oL, RRpR R FR A 22(4):207-211.

2. BUEE, ST, @5 199%. 5ol KRPME ol & {SE 28 F M
Hagn. ggEEE. 28(1):21-28.

3 BREERE 4+ TA. 1995 nFEwole] GanEAE R MIHSRENL. TSR dxin
314} p30-36.

4. BSElE, BIE%, %%, ©UEE 1997, nF Yol Moz o3 vjAF
A g Al E 22 vl 3] 2] 24(1):43-48.

Galati A., Jaiwal P. K 1992. In vitro induction of multiple shoots and plant

W

regeneration from shoot tips of mung bean(Vigna radiata(L.) Wilczek). Plant
Cell, Tissue and Organ Culture 29:199-205.
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8 YoM F2 Bol A gle 25 el FF “Gul'E TAANEER AHE
staow Rtk AW AL ZAhs Q9 B ATl AAsAT
T FUESRE Aste fKE 9-E AAsty, ol& oA FEFHRT 64 S
A oF AEddde] & ARAE 23 FAE @EHKsIPLH, HolxEe
18C2 zAste] ®Kel FFsidct. ZE nvo] Auie Exul2 dvk Bty
of wieh Au) BesAT  vlolie fEHiMEY WES Z2AMSZ] 18 Nicotiana

i

tabacum var Bright Yellow, N. glutinosa, Chenopodium amaranticolor & ©]&3}

Atk AEATL AZEPol B M oA ASH 4-571] vholeizg
WEse 13N e BRANUG.  HREMS nFuole] o] Bajol3EA, it

FEHEfEKC] UERG AHEE Sgoll 2089 BEFRTE AUt fdelA vl F
ARAAEA ol B3AE 24Xt FolFF ARG

% 1% sodium hypochlorited &0l 1087 HXAE F HaF=2
NE BEE AFAANE EFF, AASGED 23E 2X2mme AV FEHL

ke e

O

8l streptomycin 100ppme] H7}8 1.5% water agaroll 438 & A &
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S Fste PDAuAIS] &A culdstdy 7o Hejoh Aeld 54 L w4
& Fast £, A4 FAB AL Maria dorenbosch(1970)9] ¥74H
7} Sutton(1980)9] R ¥Hol met v Y widd S, HTR L BT
e, B4, mE 5 Fastd FASAY. PDABIAE AMgstd 15T, 20T, 2
5C R 30T &F27lolx 7dF wlgg Felo wkk AdS FFAt ¥xA

ojf

2% glutaraldehyde$®}t 1% osmium tetraoxide= T ASIF I FAIE Ao Ho
wAs A

drelelobe] S, RES ol¥E nFuolo] HEK ERWE 70% EtOHZ BEW 4%
g 5 ygo] I JE WP} WHARHE 3x3X1Imme] 272 HH s vy
g S FZE o8&t YP agardfX|ol @iksted 25Te] sidslaA AAd o
FZ24YE Schaad(1980)e] el whe} NGA, YDC, KBulA| S o] &3] 7+ =] A
Asthe 22U SA4d oet HS FEstn, & Bolste ER/E #HYA, dud
2 A EFd adet FAsHt ARG Shirata®t Goto(1981)2) #HL 3
TR e

3. HYA

AR RN B oo ddd] HAdAS #8457 Yoo
A2 (OMA)AN A 272k widste] RojW S4FE H4TTFTRZ LAALA100
&)
sl AElZ 1A B33 & 20TCoA 15971 AlZAAA A 2
R el HYAd 2ALe Gotoot Matsumoto(1986a, b)e} WL = 13ld
& yeast extract peptone A iR A 24417 Z A3t T M EFE ImLol 10°

AER ZHst HFdog Agsigdeh. 13 el 24S AAYZ YA =4 HH
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of Eulol FolWFshe WHoE FEMS ARAAoH HED T Bt TY
3} pe zdoz Sk

4. AR A A2

1

vlolgl 9] A& FAHE7] st dippingdHoE TAsATG F 2xela F
dolvt #ik, FEiHkel JElvde #F ¢€ 3mmAEE Y 2 Aol 2%
phosphotungstic acid(PTA)E & w& d"ojwg]m A vldstdict.  Carbon®R 7
@€ formvar filme] 432 200 meshe gridell 3%k FAE F AAXZ grids ]
o7 PTAAS FHA7 F 1
2 ol agdAE st

v AZAR g AR (Carl Zeiss EM10)2

HL

MELH) BE

qEyole] Qo 83, Bxe] FEHIRC] vehte 207iAE o2 TMV-W.
TMV-C, TMV-P % 34159 ZIERFFTE 2AEIAY 2 480 A183 gdHLe
TMV-We dE5ASFAel A, TMV-Ce I8 dtil 539972 %EA,
TMV-P: Q8 A2HA: BEAZRE 24zt 2ol Agd o] gstgct. &3
TMV-W, TMV-C, TMV-P& Hf{E Z+Zh 64090, conjugate®] NEE 1,2008) A}

FAFANEGHAAR(ELISA)S Clark®t Adams(1977)9] #hiel &3t AAlslH
[gGe AAE FEPoZRE y-globuling HFetgMyoz HAAIZ ©hd DEAE
cellulose JAMESE #4432 21(pH 7.0) ZH & ol &3l AAlstdct AAZ IgG
OD»s 1.50mg/mLE 233 o8 conjugateA F Ao o] &8t9th.  Conjugatefilii=
A A+ IgGol] alkaline phosphate(Sigma®l, type VII-S)& AZAIA et olF
&4 ELISAY-2 microplate well(Greniner®, F- form, 96&)o IgG(x400)& 377Cel
A 4N FEAZ S AAES Ao st FREQ vlolExddl Y HEA =

l

ZNG 4ColM 24x17F vh&AlZth  Conjugate= 800812 3}413le 37ColA 4A17H
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4k& X171 & phosphatase substrate(Sigma%l)E el 2204 308 ~1A)7F ¥He
AlZAY. AAANEE ¥ 0lgol 0.IM AAHGE82(PBS-T, 0.05% Tween 20) 40vj
(WV)E ¥ oA nlyd 25HL dPoz Algsldyg. whsole] BAL F

3% 405nmol A microplate reader(BioRed Model 450)2 o] &3t ZAstA ).

6. @l RE A}

polejzel dxbd WHES A ASiA HE EFA] 1dal 2da) Ay
A BEA L) ¥

FolA T2 Tad 5074 AYEL 2AGIAoR @RKE AW, TASA

7. G RE R OEE

2 UM F2 go] BHstn 7t A BHISH BARS ddog A%
stk HA AL ES Y5t AR WALFAZE benomyl, benomyl+
thiramm, captan, chlorothalonil, iprodione, mancozeb, thiophanate-methyl2. 2 3}
3, 3 ¥ 2 kasugamycin, kasugamycin+copper oxychloride, oxolinic acid, prochlo-

raz, streptomycin, thiophanate-methyl+streptomycins 422 3l

8 =W BN

LAFT BERS BT Zzhel HEokAE Adalr] fletel Aujoln okaE
z AL st o,

BAFO Y $FokAl HES ot Boyel wwozvy Reld #2 R
FAZANA(PDAIIA UFAL wiFste] FAFOoZ
1,000419] =2 PDAMAC] @rtsted 60TAN BE F

13e HBSAN AP WS Lol ZHsel FEE 2ANAY. 5T
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271 A viFstd e Wi 10d §F GAEZ AAE dFZH0E dAE AHsx
e W vwsld Z4se.

BERY HAE A% HAE AR Yskel WEEMEA SN 2k
WA Kings BuiAlel FAlFE EFHETE T FALA(L0005S] NS JEHKEIR
(DifcoAlF 1/40xDe) FFAIA viAl foll 24dsted 25C incubaterol A W F3t .
g 58 F FAIGAL FolTe] BFAAAE At AFRE RAIH G

9. BAR WA

BARS BARAE AEstr] st P AAEE 18CY =AM Austd
A 4~54719 AEAE A8l AMgsATh. Az Yol SdWT] Taped(ef 10
7H/400f% Hel7A BEH)S BFEHEsD 5T S48 2442 BE F 18T
S8 AuistHEA o R FEE ZARBIAG AAMEE BYHe 24 HAQ
59 195 10497402 33 dxsiqon HFoHA 4 F 109F] 455 24}
stk AL ¢ HEFTD 107 222 3E F 30709 AAE doR 3
o ZARE @ BT okl YoERE ) UdS VIEeR dgen FFE ZARIS
of 3t BRERS] WRuE &St BHEEERZ BASIT  daEAE FAE
AXE F Qo vetde B3, 33 A2 € ASAHE g2 A

2

10. EBow A

30x40cme} WY 2o WELES ¥ JHT ZYEE 10X10cme] A2
ojAati EHF 12H4E Yo R 3WEoZ AT H HEFL FIHTE nutrient
brothu ol A 24417+ Wi ¥g #& OD 012 A & Fo$o 108 A% 4T
of ma3¥e g A% A e A FAAYE IAAHFE S
2 1 m' oAl LS EXBFETh el H %EE 70Y F IwAdd 2 o
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B R7E ARG e 2AFFO dE ol4T5 WRHZ AEeke o

_‘?_
HEZ BASIYY. FES Ukl £ABF 2o

11. &1l o3 E

2 ygeM F2 gol AuiEn Je nFYel(EuiE)e FxIE F7F £Fo
25Y St 2 ol &It BTERE EYHTY HAEL 5/ TAA
19970l &g n3Yol FAE FAAR Hsleq A¥o ALgstAct 9em HEZ
el jEEK 208 ¥ E73F5 3mLes ol 717t LR s s 243
Kok dEEorE A4Sty flste 2EFEvtoldl 100ppmE-¥ 1mLE 10702 2}
o) E1F doj=gln, 25CY incubatero] B#sIHA HAKEES 258 ARG
o BARRES &2 2004 ArnAstolM kel A SA KT SFoR 2A}
3l 3 McDonald®} Copeland®] Seed science and technology laboratory manual
(1992)®} Watanabe2] Pictorial atlas of soil and seed fungi(1993)& H1mslgict =
500709 FA2RE WEES FIAEE s,

12. &, FE o3



A 34 Az L uz

1. REE 7B
aFYol HEelA FajyA S el #HEHE £33ld F2 utggjols 2
3 A= Table 3-13% 2t HAAH OB Frwinia 54.6%, Pseudomonasi 17.2%,

Xanthomonasi 21.1%, Corynebacterium® 6.8%2] v)|€E EHJon 1% A8
Bol BANQ ErwiniaBo)l 546%E 713 o dr 2 yeldth ARAoz:E 11

al
710 848l Erwiniaol HA % 703%9 ¥ UYEE B I3 Pseudomonashs&
12719 8EETE 647 10¥d th & WERE R 7]E RAAe] =
Xanthomonasf&< 21.1%, CorynebacteriumiB-& 6.8%2] 22 & Yebdtk  Gotosd
Matsumoto(1986a, by mFWole] 27 wHAst: HATFY FAlA AWl we}

rlo

flo

TYHE Bed Fid 2xdAM Aol7t ALE BIsI Erwiniadfe F2 12
7190 -l Bo] BHUT Pseudomonase 71&0] ¥ ALH e U=
Z AT st ¥ 270 FAEAY L Y #Rtke $AA g

Table 3-1. Isolation frequency of major bacterial genus from wasabi rhizomes®.

Genus ‘ Apr. Jun. Aug. Oct. Total(28)
Erwinia spp. 22(50.0) 23(46.00 38(70.3)  28(50.9) 111(54.6)
Pseudomonas spp. 5(11.3)  14(28.0) 4( 74) 12(21.8) 35(17.2)
Xanthomonas spp. 12(272)  8(16.0) 10(185) 13(23.6) 43(21.1)

Corynebacterium spp.  5(11.3) 5(10.0) 2( 3.7) 2( 3.6) 14( 6.8)

Total 44 50 54 55 203

® Each diseased rhizome was surface-disinfected with 70% ethanol, cutted 3X3X
Imm, grinded with ImL tissue grinder, and streaked a loopful macrate on YP
agar and isolates were cultured and maintained on NGA, YDC and KB.
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obe} AR BAT Phoma wasabige™ &Y= 0] Bol Hffsldcty stk o]
22 RuEe 2 AYPdA Yepd AN E 2e BIdor AFHAE Erwinia
Yol & Pseudomonasiiol ol /e Adet z2on 7]
B} Xanthomonas# &3 Eelse A= dAsidt. £ 248 23 b Rug
st 2 of n3Yole] X WHGEHHS JYehlle F4 82AL ErwiniaEold
718} PseudomonasiB= @2 o] Qe zioz Azrdd

&
o
g
9,
e
AR
i
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X
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N

2. WEEY 28 2 HE
S8 vt nEuo] AMuMEFA =& KT vt e MES, BERS
Erwinia carotovora subsp wasabiae, LANN-E Phoma wasabige, S5

Rhizoctonia solani, 15Y¥0] Ezlela nlolgiAs TMVE 242 B{ &

oX
i
£
&

3

7h AR
(1) &%

BARE nF:gele] o, B, HE F2 sy, deXe N dae 7
< Bifho]l PAEo] o] AMHEAM 05~1enBES] S@EE T FAYPo R g
ol . gl e S44E HTEes 348 thPhoto. 3-1a). ol B ¥
F4H™ Qo] TAHYIE she ARt oz oy guth g glol wWute] A

gool Z2EF W¥ke A A3 gHol TARERATHPhoto. 3-1b). XM=
R A7) B prtS Bolol S Hol AARY fifito] AR AAEo &
HakE syl sithPhoto. 3-1c). Fgzol 2E WwtE wo| o] FXd
dFols e figho] #AER7IA AZHA &3 S0l WHulo] el T £
FAEAT AstA A Sk SR BEel dehde RE

=
Aoy FHgol S FFY BAE FA A HPhoto. 3-1d).
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Photo. 3-1. Symptoms caused by Phoma wasabiae on leaves(a), petiole(b),
rhizomes(c, d), e, f: Photomicrograph of Phoma wasabiae pycnospore(e, X 250)
and pycnidium(f, X100).






2T 7o) AEKS BT AT n3do] deldE 5¢ F AFTA FA4R
A& Uehiz) AlRste 158 FE 05eme] EHIE £ FAFEoz goiEon
g Bkl Me AN WTES Bso] It RFM = 5d F A
ZR970 FAAUT 15YFoE FBE $47 ln Zol2 Fojso] Wuke HAst

Aot 22y sl #ZRE s Hd4dol slAtH(Table 3-2).

re

Table 3-2. Pathogenicity of Phoma wasabiae.

Wasabi Chinese cabage
Isolate\ Host :
Leaf Rhizome Leaf Root
Isolate + + - -
+ 1 rot symptom, - : no symptom.
3) mEES v Y Yyefx S

OMABI A A kel AFS BE the TAY AAET =3on 2x¥es 2
0ColA TAL Aol 7+ et Wi 79 59 2 Aol 1227ecm@ 2, 25Tl A
= 10.04cm, 15CAM = 747cm, 0TCAME 66/cnE TAF Aol =z KTable
3-3). WFRS B42 2009 25CelA gkew, 15T 30TolM = dAdol 2k
ot OMAuiA el A FF2 WA, ful oz FHoz Zes 7Y
+ Aot s FH IF TS dAMoE KE For A4E NI
ettt x7] #F FHolA ok =S "oyt Aol JWEHEN FPAo
2 st
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Hyoy 2719 E718 7HA 3 e ASE FEHUL, AT ATo] e 74
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B = A ckPhoto. 3-le). WFRS Z7|E 4~120 X 28~170mmolR oo HIE 2=
40~61 X 1.2~23me] :7}JHTable 3-4, Photo. 3-1f)).

Table 3-3. Effect of temperature to mycelial on ocat meal media.

ay 2 3 4 5 6 7

Temp. light dark light dark light dark light dark light dark light dark

15C 065 064 1.74 118 285 276 454 425 629 595 805 747
20C 163 194 365 375 533528 774 737 108 997 1464 1227
25T 344 265 788 402 1173 546 1538 701 182 869 21.44 1004

30C 228 178 279 223 360 300 436 357 599 466 707 667

Table 3-4. Comparison on charatenistics of pycnidium and pucnospore in Phoma

wasabiae.
Pycnidium Pycnospore
Isloates Dimension Length  Width
Shape
(gm) (4em) (um)

P. lingam globose, suglobose 150~195X135~270 35-~45 15
P. wasabiae  globose, suglobose 40~112x256~160 4.0~60 13~25

Strain globose, suglobose 44~120%X28~170 40~6.1 12~23

DEgols] W R 27 Wete %
2 2 A 5402 ¥ol Phoma wasabiaeE ERHAJT. LFYo] EUW L 49

FE EHstr] Alatste] 108714 RAskEE EF 2 Hokx|Ql oabAwo] Ay
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HEGoIA mFole] FsifEHle] wet Uule] xojrt ki s\ BEH F
(1963)8] B aro] 93t SYH-E AMZoZ 69 Urlo] Azt 10€97HX]& Al
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E48 Byou, B Ay B3t #5371 MiinT ZEANA P linganel bl
3t Tk & WO R BIA(1936) Goto®} Matsumoto(1986)7F B.r gk W83} 8

2tzt3t X 2] F7]0] Qo] Aol Zith
REEANA 2 28dA nigololA e T8 nFYolet dufFelel Qn
Hedel dRoyt gujFo

-z
S
2
o

N

Yl
g
e
i
i)
k!
N
ok
2
2
o

Ir

e
X
i3
ke
2

ol/Fel| A e} o] mFPole] Y JH agjxm o] wAste whyun ey
WE sl wixgolMe] 79 EA el B4 REH
< ZFAS A3} Phoma lingan™ B& FAH8-& Jelll oy Phoma wasabiae® 5
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F2l vyt 5ol AuiA] BEHS R F2 gy 53] 27} 20Col4
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o] 45 wW wo] WAE Y 1 Szt mEYol Avlel KUE BT YT i
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ol AEke) Wte] A M BUPH SAlo] HA0T WaHA ARuwo
2 et Wy Z7)9) Kigike) Wuko] Mol o) we} F
He 42 299 E 2ug B oFHE U, HaFd deid HE AA}

o

of

=
R 2ol HoRA otef ARE #LRLE Hehuln Bet Foo A 9 WA
7t Ak (Photo. 3-2a, b).
@ mERE
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1.8mol ™, 2~15748] FAREIL Q& Zo] EFolAcHPhoto 3-2c). MEES A
A 44& Table 3-59% 2ot Gramfa¥ KAES vebdla, 5%9] NaCl 474, 35Tl A
Az 9 KCNujAlol A AR oA A4S casein®] 7FrEa)9) gelatine] <43}
A Fol A b5t R ME-S YERNY, galactose, lactose, trehalose 2 citrate 2 5-E S

AAEtE 4ol 9o maltose, melibiose, raffinose 2 inullindlAE #e AASH

A gkt

Table 3-5. Bacten'ological charactenstics of soft rot bacteria.

Characteristic : Isolates (n=10) E. aarotovora subsp. wasabiae®
Flagellum , Peritrichous . Pernitrichous
Growth in 5% Nacl * -
Growth at 35 C - -
Growth in KCN broth + -
Casein hydrolysis + +
Gelatin liquefaction + +
Acid production with:
galactose + +
lactose + +
trehalose + +
citrate | + +
maltose , - -
melibiose - -
raffinose - -
inullin - -
Pathogenicity to wasabi ++ ++
Pathogenicity to potato tuber + +

* Details of E. aarotovora subsp. wasabiae were as described in Goto and Matsu-
moto(1986).

® Cells were incubated on 0.7% agar-containing nutrient agar plates and stained

by the method of Shirata and Goto(1981).
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Q) wEMH

nEYolo] FH, <A A MK HAd4S FAHS A7 Table 3-541 ®
Alg vie} 2o nFold] R HEAA HEFA 4NN F FEFEE Y
Byloy A E tih ot FEFAS BT

EgEHA g dFE 1886d n3dole] BHUSY WYT o ® Bacillus alliaria?t
A& BaEAd. 1 F B aroovoraZ BIREHIYR HI Goto} Matsumoto(1987)
ol o8l E. canotovora subsp. wasabigeZ H&l$1 At}  Goto®t Matsumoto
(1986b, 1987)= ol WA Felgt HeHgolE 4702 T3t YA, ¥
A, HiEr 533 A 43S FAEY 3ol #ERS dovle HAads
E. aanotovora subsp. wasabigeZ FARstA =, & AFoA F2d oo KiE A
2], A3ty 54 9 HodAdd oA S FHE Big. MaaH 548 FEE
o 2 o felvteld Auistn e nFWYoldlA HEHS dodle AT

PA
Erwinia carotovora subsp. wasabiaeZ 53 5 A},

e

o} 22y
Fae FFst] AYRE A o F2 Byste HEoth mE2HL F2
B2aoA old Age Z7] D sugasel 2 Bwste MEdgel Be AHE T

B ajolnt.

(1) mE

ojdyuel 7], ATt kRKEZ Ho Azt 2S5A x5 27 TEHAC
of BZ HEAZ ¥ d F2 T st E7I7 AAEA Hale dHE
Ztopzith. oE AEd 2aEW AN 22 FPHA HEE Jebck(Photo. 3-2
d).

@) mEH

Wifhe HHMEOZ shtsl Aol 643EY 9S 23 Y1, FAY T ulmy
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Photo. 3-2. a' The rhizome-rot symptoms produced

rhizome-rot produced after inoculation in
MICTrOSCOpIC morphology of E. cartovora
10,000), d: Symptoms of dampping-off by R. solani.

in field,

pot, C-

subsp.

b:

Bacterial
Electron

wasabiae( X






Photo. 3-3. a, b: Morphology of hypa(a) and cultural chactacter of R.
solani(b), ¢: Symptom of club root(left; diseased, right; health).
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TMVell Zdd 42 A ol vstoqd Aoz FeeAoh T ZAola

Fel vetu o] FAAAT TR 14 Fkch(Photo. 3-4a). MEZ AET

e 2ol A7 HA Afo] A HE vrEo] FAHAN FMHKRES €27

Aol Helk  #HARA96) oJstd &Ko) ywu 57 AstELE vehy

T aFols BF7t vloleisel ZEHATGT stadon, hER HER(1966)E TMV
R

o}~

rr

DFYojdA EF TMVE Fo|, ZulaER] Nicotiana tabacum var.
Bright Yellow, N. glutinosa, 8o+ Chenopodium amaranticolore) &34 &% 2
#} ¥ 3-63 Zo] Bright Yellowst N. glutinosal M ZH¥E S Chenopodium
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amaranticoloroll = 2H& B, nFyololA= 2xe] viukg 4335t cH(Photo 3-4
b). HFiEme vl dstd JEH PEA19%66)E Busded 3ol LAt
= TMV, TuMV 92 CMV9 o] Nicotiana tabacum var. Bright Yellow, N.
glutinosa, C. amaranticolor 5o Jerte xR et 7hssht st

Table 3-6. Reactions of indicator plants induced by TMYV isolated from wasabi.

Indicator plant Reaction

Nicotiana glutinosa L
N. tabacum var. Bright yellow L
Chenopodium amaranticolor S

M

Wasabia japonica

L, local lesion S; small local lesion, M; mosaic symptom.

Q) HAteioly HZ

Y 3ol o2 RE utoje]A)xtE Diptkell o8 FEsld A0 A
(Carl zeiss EM 10022 Z#A% A3 ik AdEHA vlolzixart =
Hhol2 AQdakE 30nmA 7|2 Mol g dAE & JAUTHPhoto. 3-40). TLFY
oo LA¥Et= Hiol#AF TuMVe Yzke 750nmelx TMVE dzkE 300nmet it
Bag AR FE, 1966)9 & Ao @agk Byl 300nm 2719 v}

olglAE AHAHU TMVlUTh

L

r

(4) m;z2p 48 ¥ TMVEl AHE At

ELISA9] o1& TMVe] AEE 20708 A28 dides ZAR Z3E Table 3-7
2. TMVAED mEKEe B8 Aol oy fumE TMV-W,
TMV-C, TMV-P E5 ¢4itss Yebdlc(Table 3-5). ¥ TMV-Wet
TMV-C &M= 20708 A 83 19707 KRS Ben, TMV-Pol= 174
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Photo. 3-4. a: Leaf of wasabi infected with TMV, b: Local lesions on
Nicotiana glutinosa by sap inoculation with TMV, c¢: Particles of TMV by
dipping method from infected virus in wasabi( X 30,000).






Table 3-7. Reaction by ELISA of virus infected sample with three TMV at Muju
areas in Korea, 1995-1996.

Sample No. Antiserum
TMV-W TMV-C TMV-P
1 1.147 0.340 0.130
2 1.124 0.210 0.110
3 1.217 0.209 0.106
4 0.467 0911 0.096
5 1.201 | 0.201 0.105
6 1.224 0.307 0.105
7 0.140 0.101 0.100
8 0.248 0.254 0.152
9 1.080 0.248 0.233
10 0.960 0.215 0.108
11 0.987 0.305 0.100
12 1.040 0.306 0.095
13 1.134 0.212 0.102
14 0.963 0411 0.093
15 1.273 0412 0.110
16 0.820 0.717 0.119
17 1.110 0.612 0.109
18 0.770 0.313 0.120
19 1.072 0.347 0.113
20 1.174 | 0.414 0.120
21 0.127 0.109 0.114

*TMV-W, anti tobacco masaic virus wasabi, TMV~-C, anti tobacco mosaic virus
crucifer, TMV-P; anti tobacco mosaic virus pepper, No. 21; health plant.
a: The indicator is ELISA-reader based.
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NEAMT P4 dehlith TMV-Ws TMV-CE: Ed7de] gigolln,
TMV-Po] tiside 1A8% £8729e ugth  vojel2¥z ¥® TMV-Wrt
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wyste Aoz woEnh = EH S99 o5 TMVS o ATe 13

olol #AES A3 TMV-Wst TMV-CE 24842 2o7le 5 A% voej2st
o] ol A" Aol BdE AL duidth  HI EM $190)
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Table 3-8. Comparision of cultivation periods against tree TMVstrains antisera

in the ELISA test.

Cultivation period

Antibody

Ist year 2nd year
TMV-W 4/50 (8%) 11/50(22%)
TMV-C C2/50 (4%) 10/50(20%)
TMV-P 1/50 (2%) 2/50(4%)
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Table 3-9. Icidence of Phama wasabiae in wasabi planfs from different season.

Site Apr. May June July Aug. Sep. Oct.
Iksan 33 6.0 14.0 253 280 30.0 32.0
Sulchun 2.6 46 106 200 23.3 273 28.01
Moopung | 26 3.3 106 22.6 26.0 266 30.6
Aver. 2.8 46 11.7 226 257 279 30.2

L RS

oo AR E #EES Table 3-107 2ol 49 7€ syl Ajztsiod 10974
2 ALEo A Fo wk2t zpolrh glo] AF - kx| Ao 38%, FFA|Ho] 27%E H
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Table 3-10. Seasonal occurrence of rhizome soft-rot disease.

Site Apr. May June July Aug. Sep. Oct.

Conju, lksan 3.3 8.0 146 24.0 29.3 35.3 38.0
Muju, Sulcheon 26 6.6 126 16.0 22.6 26.0 27.3

Muju, Mupung 26 60 8.6 13.3 213 23.3 26.6

Mean 2.2 6.8 119 177 24.4 28.2 30.6

t} 224

Shigiel]l mugxEtel] F2 wess vaEdo) wug e oalxd 117
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et 71et iE

2 detel n3do] LAulela F=2 ol BAHZ e &
£9 9o J3] AL Nxg FARIAEA o &t FEHUeH JgHEY A
Mol e BRsng FAS WEHEE7E Q7 Eck(Photo 3-3¢). a2y Y&

Ae mEgole] WSl B Wil WAy Yout $el Uetdd wse
Mals A7 dehgoh olRe el ueheh Al Ao AuH Aojyoz A
2sn] BAS) mEyol MM oA 71zke) A skl EastE Waisk gol
Wshe Aol Hlsted S ueh mE ol LI Wiy B WEel s wgs
= Aoz yzeg.

4. FREBIR

7F AW FEAR

2 yztel mFYol Aujold sbg FEAEHE SUE 2HES gtz Ay
ol M BHHMEES StHth AP AL kA= Table 3-11 ¥ Table 3-129 2

Aol A Edule] WAl g5E H¥e Fe Table 3-13% 2ok dAF
benomylel 7b3 k&7 4335ttt 22 2% benomyl+thiram® mancozebo] %
st on @ikl AFE AAsth old A4E ZFAE B o dixdo] BUW o
off i3t BibrEE7E & Aoz AWZrEH(Photo 3-53, b). BHIHY HAE A3 A
W43 Zae Table 3-149F 2tk 2AlF oxolinic acid7t ol tigk A 2e] 713
ZRon thFo 2= streptomycine] T Aol Bt olAdEd HdEHAE B

o} oxolinic acid7t F el #A G & Aoz Azidn

v
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Table 3-11. List of chamicals used in the experiment on black leg.

Common name

Formulation(%) Chemical name

Benomyl

Benomyl] + Thiram

Captan

Chlorothalonil

Iprodione

Mancozeb

Thiophanate
methyl

Thiophate methyl
+ Thiram

50%

20%
20%

50%

75%

50%

50%

5%

70%

50%

30%

Methyl-1-(butylcarbamoy!)-bonzinidazol-
2-ylcarbamate

Methyl-1-(butylcarbamoyl)-benzinidazol-
2-ylcarbamate
Tetramethythiuram disulfate

1,2,3,6-tetrahydro-N-(trichloromethylthio)
phthahimide

Tetrachloro isophthalo nitrile

3-(3,5-Dichlorophenyl)-N-isoproryl-2,4-
dioxo
Imidazolidine~-1-carboxamide

- A coordination product of zinc ion and
manganese ethylene bis dithiocarba-

mate

Dimethyl-4,4' -(O-phenylene)bis(3thioalop

" hate)

Dimethyl-4,4" ~(O-phenylene)bis(3thioalop
hate)
Tetra methyl thiuran disulphide
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Table 3-12. List of chamicals used in the experiment on soft rot.

Common name

Formulation

(%)

Chemical name

Benomyl + Thiram

Kasugamycin

Kasugamycin +
Copper oxychloride

Oxolinic acid

Prochloraz

Streptomycin

Thiophanate methyl+
Streptomycin

20%

20%

2.3%

5.75%

20%

50%
18.8%

Methyl-1-(butylcarbamoyl)-benzinidazol-2
-ylcarbamate
Tetramethythiuram disulfate

Hydrochloride hydrate of
[5-amino-2-methyl-6-(2,3,4,5,6-pentahydro
xycyclohexyloxy)tetrahydropyran-3-yllami
no- a —iminoacetic acid

Hydrochloride hydrate of
(5-amino-2-methyl-6-(2,3,4,5,6-pentahydro
Xy :
cyclohexyloxy)tetrahydropyran-3-yllamino
- @ ~iminoacetic acid

5-Ethyl-5,8-dihydro-8-oxol1,3]
dioxodol4,5-glquinoline-7-carboxulic acid

N-propyl-N-[2-(2,4,6-trichlorophenoxy)eth
yll-imidazol-1-carboxomide

2,4-diquanidino-3,5,6-trihydroxycyclohexyl
~-5-deoxy-2-0-(2-deoxy-2-methylamino-

@ -L-glucopyranosyl)-3-C-formy!- 8 -L-ly
xopentenofuranoside

Dimethyl-4’,4'-(O-phenylene)bis(3-thioallo
phate
2,4-diquanidino-3,5,6-trihydroxycyclohexyl
-5-deoxy-2-0-(2-deoxy-2-methylamino-
@ -L-glucopyranosyl)-3-C-formyl- 8 -L-ly
xopentenofuranoside
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Photo. 3-5. a, b: Growth of mycelium on PDA(a) and inhitibion of growth in

benomyl 1,000 times(b). c Bleck-leg disease developed mn
wasabi on fungicide non treatment(c) and health in  benomyl
treatment(d), e, [ Oxolinic acid inhibited of E. cartovora subsp.
wasabiae(e) and the effect of oxolinic acid treatment in field(f,
leaf; dieased, right: health).






Table 3-13. Effect of chemicals on Table 3-14. Effect of chemicals on

mycelial growth of inhibation of growth of E.
Phoma wasabiae. aartovora subsp. wasabiae.
) Mycelial . Inhibition
Chemicals growth(cm) Chemicals (cm)
Benomyl 09 Control 0.00
Benomyl + Thiram 2.0 Kasugamycin 1.20
Kasugamycin +
Captan 35 Copper oxychloride 110
Chlorothalonil 25
Oxolinic acid 2.62
Iprodione 2.3
Mancozeb 2.0 Prochloraz 1.30
Thiophanate methyl 35 Streptomycin 1.56
Control 90 Thiophanate methyl 1.34

+ Streptomycin

U EAJR WA

orxle} ATo| of% WAFKS WAZHE 2AG FI= Table 3-159 2ok A
Aoz TaATN SRS 0%l vlstel FME AT PATFANE RS B
£2 Uehn ok wx2elFolNe) B o] 167%, MERES] vatd BhA
#7} 7922 Bl OE HART Ty BATHE Ueh o= BRRBAA 7
o) BN e AT 2 Aol AcHPhoto. 3-5¢, ).
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Table 3-15. Effect of chemicals on black-leg in field.

Infection ratio®

Chemicals (%) Protective value® Chemical injury®
Benomyl 5/30 (16.7) 79.2 -
Benomy! + Thiram 11/30 (36.7) 54.1 -
Captan 12/30 (40.0) 50.0 -
Chlorothalonil 15/30 (50.0) 375 -
Iprodione 14/30 (46.7) 41.6 -
Mancozeb 13/30 (43.3) 459 -
Thiophanate methyl 12/30 (40.0) 50.0 -
Control 24/30 (80.0) - -

? No. of diseased leaf/No. of cheched leaf x 100.
® Infection rate of non treatment - infection rate of non treatment.
b Symtoms on leaf.

2] vetellA nEolo] tigh HASKS] WAL EA A WHE, tolAl,
S XA AT F AT S 69%A vlst] Al AXT HAT
AME 21%Y ¥ HHES Jehdn RasdohAa A, 1993). = fFol
Hejol &, v, A Fo dAMYR drgodM FALURT Aol B2
EATHA T, 1993 ; 2 F, 1992). BEAR(1952)L HAMR HAC s¥As 2
ojztn Ao s Aol A E ofAlolx, BA T(1972a, b WL 44X
Al FAE e =717 FuA ol Blstd zgkony FotAlFoM LHE 774%

B HATAME 11%2 PATH} FRAASS vusgeh = U8 A

A B F
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Astedl A3H ol st tHMiyake T, 1983).

zFgol BAMA e FAIX e waAlge] BAYHA] ¥ovt 2 H4EH
Aol FEF fAZE AR =g Z7t 2 Aoz AZED g
AEA7IE 58 FdM 78 Fool F2 Aoz Azdn

B
of

b

o BEOR A

el FAE Hestd oo} YALZHE A ZFHE Table 3-165% 2t
FbAl ol A 69.4%9] F-argol HAstHed WA M E 4199 olste] TAe Y
Ehfio] efAldEFoN BAERE ASE BAUTh Oxolinic acid®] Aol e
167%2] & EHER A2 7 BRERE Yehli Qo (Photo. 3-5e, f).

Table 3-16. Effect of chemicals on soft-rot in field.

Infection

Chemicals ratio (%) Protective value® Chemical injury®
Control 25/36(69.4) - -
Kasugamycin 13/36(36.1) 48.0 -

A chloride | 14/36(389 439 -
Oxolinic acid 6/36(16.7) 75.9 -
Prochloraz 15/36(41.7) 399 -
Streptomycin 10/36(27.8) 59.9 -
Thiophanate methyl + 12/36(33.3) 520 _

Streptomycin

? No. of diseased leaf/No. of cheched leaf X 100.
® Infection rate of non treatment - infection rate of non treatment.
¢ Symtoms on leaf.
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W EARS) WEEo) 80%eld BASHAL, TAel Vol BAY WEBAH £
4% HFNG AT 69~150% TASNYTHE R0 F1Y W Y AGe

Fae] o¢ AGRTh £FR A% HPol o Wol AV RS T & ATk

K, 1976). 2 ZPoA FAol 64%2 FYB T KEX O RIES FTEE
FUHAELE F2 olHd F58% A9 FTAY M MGHBRE P
Table 3-17. Detection of Phoma wasabiae in seeds.
Seed lot Checked seeds Detected seeds Dection ratio(%)
1 100 5 5.0
2 100 7 7.0
3 100 12 12.0
4 100 5 5.0
5 100 3 3.0
Mean 500 6.4 6.4

- 157 -



AEHA) e FAE Agsto AN K

FRE AHEste AEY AT HE
) o= X o}

Oz
rﬂF“

o Yol mEKS WFE T AHCZ AIEHNA 3~5me) AP TE P
o wwhg WASATHPhoto. 3-1a). W¥re o ol4 FuHx %n Yuow WA
Atk 3 F wehe B W M #ERA A48z 8w QAckPhoto. 3-10).

Yol HAT HAAE Lol P ke IS F9, Qe A 239 F

T BH A2 Mg wro Axde nAtet AdGEdM FWL F2
of @48 WTFRAM BEAIE F71v ol oJsiA ol FHu U FHldl 53] A
o] BoE E3lo A ZEFHe] sidds 837t Jci(Catherine 5, 1993; 47,
1991; ), 1984). #HAMe BNAIB)IE HF#el AHS 71 gist A3elA
%, 9@, 2730 HEFNUE B A4 2oy do HIFJYE W 10¥ F WIERS
gAdsdtn Bustdeh BARES JdF gHdd HEL A HY atd XA
Hul BTl HETE B Aol FFHE dro ¥o] we] JHAddE Bust g
(85K, 1976, HAM &, 1973).

.L,

o Feol ol g
ol BAREE HFotd Hallo] FFFRE FAK A3 Hae o] Yol
4 g0 HFHE B vds oo fuss Foto dHoe=
AAgefoll A ejo] wHE APde SYAHoR e BRI o HS
Eo

ko
i
52
£
o
o}
g
w
g

_158_



A4d 2 B

aFyol @HANA B A7 F

w3t FIE ZFYol2RE HAd S BF AEsEy, dAFHd g 23o)
ERBY ENA o]Fo A}

nFgo]l REAM wrHglol 2= Erwinia 54.1%, Xanthomonas 21.1%,
Pseudomonas 17.2%, Corynebacterium 68%2 22 = t}.

100492 E) 19959744 HAARIN S BAR BAL 2B-2%RT FYWE
YFE Eystr] Alztste] 109704 EHEidon 2 AN 6~7¥4olUth
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Bl fejel E719 el WYstd He M2z WA 4EL FHL 3/
AstAZith  ERRel A 20CAAM 7HY 23stn FEF L A LolE kAL g
7t UEolle #2082 RSkt #zizte] el Moz 7Y = #TY
oji1, TE4E 1~270) E717F YN A7E 4~120 X 28~170mPATt.  HAWTE
gdxztg FAoln 371 4~61 X 12~23mAch
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fl

p Yol BN Erwinia carotovora subsp. wasabiceZ FAHUT. ] ¥
& Bl &, B Heoz Hu o ¥y 2 HEo] ¥b Tt AT MEHS
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Bl Bt B2 Rhizoctonia solaniZ EARAEUTE BHoA 2}
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35’%%°]°*1 2R AS YEhlle BISRERE 23 Yol Rapulol2E B i
TSR nF o]l Rxeutelg2E A FAE FHHFT ZF Nicotiaa
tabacum var. Bright Yellow$} N. glutinosadlys =% A& Chenopodium ama-
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Table 4-1. The germination rate, plant height, and leaf number of seed in
different sowing season after 90 days of sowing.

. Germination Plant height No. of leaf . Seedling
Sowing date (9) (cm) (plant™) Grading weight(g)
Feb. 25 &7 186 6~7 Fine 127
May 25 71 137 4~5 Medium 108
Aug. 25 67 16.7 5~6 Medium 114
Nov. 25 34 95 3~5 Poor 7.4

290 HFE = Lopso] §1%E 7MY ERA 2% 186cm, AT 6~7d, WHE
127g2 2 7P 43¢ B W2 A48 §5 HJ o, 5493 8 #FE T
M Bobrt £FsT S8A 228 FFoz IAFTE ol BAsidon WEE

10~11g2.2 gk el sidstdct. =3 119 FE3 FollMe 237t 55
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Table 4-2. Plant height, leaf number, rhizome size, and number of divided
seedling in seedling and divided seedling after 18 months of

planting.

_ Plant Root Rhizome NO-_ of
Planting Kind of* height No. of divided
date seedling * m) leaf  Length We1 ht Length Weight seedling

(cm) (cm) % (plant™)
May. 25 S 326 354 16.4 34.2 55 22.0 11
D 35.4 285 13.7 44.4 6.0 34.7 10
Aug. 25 S 506 323 187 39.7 56 235 8
D 34.7 30.4 155 30.5 49 214 6
Nov. 25 S 3B1 240 145 238 4.7 16.5 5
D 33.2 232 12.2 285 46 20.2 12
Feb. 25 S 367 214 19.7 484 6.2 314 7
D 376 188 163 380 55 28.7 7

3 S, seedling, D, divided seedling
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Table 4-3. The growth of plant by various planting distance after 18 months

of planting.
: A Rhi ight
g}:fa?}rég Plant height No. of ;iaaf I‘f;é ht Zome Weig _
(cm) (cm) (plant ) (kg/10a) Over 40g Below 40g
20x 20 295 245 2,640 23.0% 77.0%
25%X25 295 287 2,154 376 62.4
30x30 RV 325 1,690 433 56.7
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fol A A LA Sl vls) 2kt a2y AR AT 20X20cm
A2l 7o o g F AHeFoge & Aolg B 6Y 167%9 ¥HES 2D
10968 F7lete FAR 109oe 50%9] 3K S BAh W 26X25cmet 30%
0cm HTE 67%2 BezkR AA dehd A2 A e e o
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SRk GA] 7T9RE AolE BRIAEY 20X20cm A FolM 108711 5%63%E B
o AAelTF 71 AP 94 30X30cm ATl ZHE AA Jehgxgh A A
Table 4-4. The appearance of soft rot by various planting distance.
Planting . Month (%6)
distance g‘dld of
{cm) seediing May Jun. Jul. Aug. Sep. Oct.
20X 20 S 33 16.7 26.7 36.7 46.7 50.0
D 6.7 16.7 30.0 43.3 50.0 56.3
25%X25 S 6.7 10.0 13.3 20.0 233 26.7
D 6.7 16.7 26.7 30.0 400 433
30X30 S 6.7 10.0 133 200 26.6 26.7
D 6.7 133 20.0 30.0 333 36.7

S, seedling, D, divided seedling
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ol ws AEY TAFo] o AsAr

AAAY] g HahRAde 30x30cmZ #HAHT FRYG 20x20cmz2 AT 77}
T2A] @Rl FEA| ghol ARy LAo] Wk HE I% Ao 30x30cm
T flf7F 20X20cm Bt Bo) WA ot

2. BE R tEo] nFYo] AR 2 REEA T I

9] &Rl vlXle 2x9 ¥ Table 4-5% Z2th. FRE A3
10U ¥ APXAA 2EEHE 23CHFEYG 10CTTFANM o] BluA FIstPe
U ZE F8 MEHE 17CTAM 7P stk 232 WS =0 o AT
Zk a7t @R8] AAHAIYSY 17CTFNA 340emz2 7HE T2 238 BAeH,
el Aolet ARL 17CTFE HALR ot 2571 ¥AY W3 uat RaHE
Aagg Byom T2 10CT vlstd Azstadch Mg oA 2732 10T

44

N\

Table 4-5. Comparison of agronomic characteristics of different temperature
and disease incidence of wasabi which grown under 0.34%10°
microein-steins M%/sec.

. . Disease
Plant size(cm) Fresh weight of a wasabi incidence
Plant plant(g) )
Temo. | cight ;
(0) (cm) Petiole Rhizome Bak Soft
Leaf Petidle Rhizome Rootlets

Dareter Length  Diamreter Length leg 1ot

10 225° 041° 99 049" 57° 14° 39° 048 029° 46.7 537
17 34.0° 056° 154° 071> 65 80° 10.2° 0.72° 056*° 56.7 66.7
23 162° 032 81b° 035" 34 07 25 026 0.18° 733867

* Duncan's multiple range test with columns at 5% level.
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9} 23CTTRAAE FAA7E AA A Fgkovt 10CHFAM vlwA FzsARn 17C
FollA 07lemZ 7HE 2Fzstgon dol: 2z HePEz oyt AAEHAL HA
17Col A 65cmZ 7Hd AUt & #E 25yl AAFE vjmd A
ME 17CTolA 71et Ae]o vlste] #H, FTRE, HEo] 2F 71 FAHfoH
10C+7F 3C 7R 4353 Aot

2x7t ol b HART #EHe dadde Frsldg. 5UHy A
4 10T, 17C, 23CHF& F&stq B2 AE A A3 2z 467%, 56.7%,
73.3%9 LHES Bt £ A¥An w¥Eo] 7 58 AL 3CTF2A Phona
wasabige®] A& HAHILEQN 26T dxstes Aoz2AM ols F90¥ FEEY A
A& 3 nFYPole] AujAl n2ZZAN HaEAED JodAA} de Aoz
Azttt

S G vixle 259 942 10T, 17C @ 2B3CHFE T3t ety
& AN AT 53.7%, 66.7%, 86.7%S] EHWES JERGT BN 28 2x99
DAl BART 2L FPoz 257t ool gt Wale] YT 2

(2) EAERIE

2 &2
ol FYol BH3 F2 ME LHE viAE 4P Table 4-67% Zoh

Table 4-6. Comparisons of agronomic characteristics and disease incidence of
wasabi in different shading condition.

Sudng Plant Length of Diameter of Rizme Whdepat No of  Disease incidence(%6)
heght nenrthzare nmanthizore weight  weight  leaves/pl.

% (an (@ (an @) (@hl) Black leg Soft rot
% 148 46 037 04 39 5 08 83
5 191° 50 083" 109" 70 ™ 00 767
B3y TP 102 13" 201 g 633 667

* Shading was controlled with dark polyethylene nets.
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75% ARLPF BARI BEHRY 2ol 2F MUtk BYHL 25%, 50%, 75%
AgAYs AP zkzh 808%, 700%, 633%, AL Zzt 833%, 76.7%,
66.7% 2HE Bt HART HERY 29T S
g A3 AFES] F7lol wet Wy Fo 5
AFFolM 633%9) HFERS BRYon HERF HEL 66.7%AT} 2} X
o] et 4ol met 2y E] FH43] FrislAded 256% AFTFAA FAG 5

P - AFEAT e B ELS 72 808% % 83%E wi¢- =3t
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3. i epE ZFE N

7b SR 712 2 B B - (bBK 24}

aFgol MRS ZAMSHY] 9t HiEML EX7F @2 A FolM £ I
2ol 31 FHie Hur|2o] ¥ F1¥(300m, 450m, 600m)=E 37HAe Zt7] 50
A Qe 3 AEA FE9) 712& FA4sAHTable 4-7).
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Atst@ e, &gl Ao Tl Hnr]&9 271 300me] AF 23.3C, 40m=
21.3C, 600me 19CE 2393, & Txd FEH 8¥9 #7128 29 300me
29T, 450mE 27.8TC, 600m= 27CE 300me}t 600mE 2CAolE B@on, 47| 1
o] HA71&L 300m7t -57TC, 450m7t -65TC, 600me -80CE Yehloj x37}
EETE 1~2CAHE AolE Bt

nFYole] AKIXEE 6~20Tol2 HALEE 8~18TolH AHAHAE 0~6Tl
3

e WA Hed, ALde -3Colstz W7/ME FE dAHR JF-Hd=

X

Table 4-7. The change of air temperature in 300~600m altitude.

Maximum air temp.(C) Minimum air temp,(C)

Month 300m 450m 600m 300m 450m 600m
‘96 Jun. 22.7 214 20.2 178 169 16.0
Jul. 374 26.3 25.3 206 19.7 185
Aug. 29.0 218 210 22.0 198 187
Sep. 23.9 230 22.1 134 125 114
Oct. 192 180 16.8 5.3 56 47
Nov. 145 12.2 11.0 29 24 14
Dec. 108 95 87 ~2.4 -2.5 -4.8

‘97 Jan. 6.6 58 3.8 -5.7 -6.5 -80
Feb. 12.0 104 91 ~-4.8 -59 -76
Mar. 183 17.2 16.0 -0.2 -0.7 -1.2
Apr. 25.1 235 124 54 38 33
May 21.0 184 185 105 9.7 9.3
Jun. 26.1 250 234 180 16.1 152
Jul 270 26.3 253 20.2 186 173
Aug. 280 266 25.6 204 190 174
Sep. 245 23.2 21.8 14.0 12.5 11.0
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dEd mAdE £ife] 0TE ¥4 dAHzE aFYole AEH EHHKS T

2e WA HBg G2 HuLLrst 25ColA 120 28]

BT B FFol 45 AAH zo] A AHE Hale o] Fosdrt 53]

A% EAuRtx eyl & Holnz E Auxe WF 72EEE 29

& uf AFolls 50%olde] EXME BXs, ALH KERES 2% 300met

£ 12~397A, £ 11~3972] 0Colstd =l iyt 28 AHd4E g

Al A7) HEZ $REHEE AgdEe B2 258d R HEEN 58 AMEstd

%K 0Coldo] HEE 7128 ¥ ALYz AANEE RiR T2 nifMike]l &
FEHAG .

A EFE AujAlz)el oel Ege B - BY 548 S1tdY vHTable
4-8) B4 o] - setd A& 3 AY 25 pEEELodR pHZE #EHE 300,
450, 600mel A Al Aufd 58~6.1M 9 olAed HKE Adstn AuiFY ‘%6 9
2 FAll M= pHZE 65~69010 01 '97d Y ZALAME 63~682 A7 to] Z

of uwe} oA Wolxh AwiEFol #moz Ho o} pHel & ¥t ix
okabAd ~ordglefAdold Aufel] Hg3t B} vldHoni(Ry, 196 F/1EEH
o HgEelE 1.7~22%2 vlnF webed EHujAbgoZ 29~41%7A A RA
stz o} YE G Z2HolYx Aul7izhe] AnEol wet At FasE Aol

Z FA2TL 013~031% HHIYn 7184 #mel 32 ZEUH AUz
CEC: ‘9633 '97'd 9] 3 ole] AT H4riE7E 10.1~112.19 Aol oz 2k
t}. 7]e} K, Ca, Mg, Nall/rollAl Ca®t K& $toy MgA ¥ vlwd =3 Na

Rye ARrzoz H7Hgc
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Table 4-8. The analysis of soil.

Altitude Organic  Total Available Exchangeable cation(cmol/kg)
Date pH matter N P CEC
(m) (%) (%)  (ppm) K Ca Mg Na

‘96. Mar. 6.0 1.8 0.13 195 108 02 19 11 0.1
300 '96. Sep. 65 3.2 0.18 240 119 03 39 1.8 02
‘97. Sep. 63 2.6 0.19 220 11.2 0.2 2.2 1.3 0.1

'96. Mar. 6.1 2.2 0.20 235 104 0.3 2.3 1.2 0.1
450 'S6. Sep. 69 4.1 031 285 121 06 4.1 27 0.1
'‘97. Sep. 68 3.2 0.27 243 110 04 33 15 0.1

'06. Mar. 58 1.7 0.21 218 98 01 17 1.0 0.1
600 '96. Sep. 66 29 0.28 268 10.5 0.2 3.6 1.8 0.2
‘97. Sep. 64 2.3 0.23 246 10.1 02 25 1.2 0.1

5388 ZARE Z3(Table 4-9) B3 300molAE 7]
20l 2 HASE #ER T a7t AshAl BAste STl 3] AXSAe
Z7 o] 281cm2 450met 600moll A 2zt 375cm, 388cmE RQIRA s P4z
oun} TR AoME 181702 450met 600mollM Z+zh 323, 332740 Al vlsto
e8] Azstdch 2y 450met 600me 600moll A &3F oy & Aolg B
o}z gkt
T8 ZAY TAA B0 #3278 ZHo], FA, A4 Tl & g YeyW
7 FA] 30mAA N E e F A e 8w o Zololx & 7Tem A%
ZAgom FAY AHEL 600mete] vludME A whdd AUx ggked oz
a3gele] AujelA shF FAHEA WA Aol Laty] WEoR ezt
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Table 4-9. The growth of plants in 300~600m altitude after 18 months of
planting.

Rhizome(Plantlet ")

Altitude Plant
No. of leaf Length

(m) height(cm)

Yield
Wei%ht Diameter  (kg/10a)
(g (mm)

(cm)
300 28.1 181 - 34 154 12.6 150
450 375 32.3 105 335 234 276
600 B8 33.2 10.8 387 222 285

o} B AL

aEgole] Au) ¥ MR BAKY BHES BEWS HHHE TEHY
AAg Fol 49%E 109747 AN 23} E17} 2L 300mA RN E ZE W)
Bl b B AEE BYed, #ER % 9(Table 4-10) EX 300mollA 4
REE 454%7t 2AsFen, 600moAlX s 248% LRAES Bo TrF w2 300m
A Hol 7]&o] ol noM BASE FFHo| 53] wol e FFS R

o
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Table 4-10. The appearance of soft rot by various planting distance.

Month (%)

Altitude Kind of

May Jun. Jul. Aug. Sep. Dec.

Apr.

seedling®

(m)

10.0 16.7 26.7 333 400 454

3.3
6.7

300

16.7 30.0 43.3 46.7 50.0

10.0

6.7 100 133 20.0 233 26.7

3.3
33

16.7 267 30.0 36.7 36.7

10.0

6.7 100 13.3 20.0 233 248

3.3

10.0 133 20.0 30.0 3.3 36.7

3.3

% S, seedling, D, divided seedling
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Table 4-11. The appearance of black leg disease by wvarious in 300~600m

altitude.
Altitude  Kind of Month (9¢)
(m)  seedling Apr.  May  Jun Jul. Aug. Sep.  Dec.
300 S 33 100 167 267 333 40.0 432
D 6.7 10.0 200 300 40.0 433 46.7
450 S 33 6.7 167 26.7 30.7 333 36.7
D 6.7 10.0 16.7 30.0 36.7 400 433
600 S 33 6.7 100 233 26.7 333 36.7
D 6.7 10.0 16.7 30.0 36.7 40.0 46.7

* S, seedling, D, divided seedling.

2} fEE 450mAl ol M o) wE jRpEe) W)

nEPols AL o FA ol AE AAFH L Wol® U e 9ix]
W AEHY AP ohhlHE Aol A e Qo) B Aol et
ue] ggo] Asigo] ¥ deosln fIEstA 9ok zeiu AU A e HE o}
Pollde 27 vd7h QoA T Gig7l BolxiA B aelm BAe] Bo| S
4% 2% 4589o) Hug o] Agdre 59 £&%EH 109 FE7H4 kst
7b 1098t A 49 DA E BXBES AASA

Table 4-12e14 2= whel Zo] 25% 243w ALgAl= 1To|Te} 7]2dsrt A
out 75% B AHEEHE S welE 2~3T7HA Aozt AT

2EYold HELEE 8~15CaT AT A AujelA 0TARNE gl 2
A%e g HolUrh wekM A eoME 0Tl te] He FoE BE AT
A 7~8YolAEH 25%H el A 743 8ol 22} 218%9 233CTE B3 50%
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Table 4-12. The change of temperature by shade culture in 450m altitude.

Shading Month(C)
(%) May Jun. Jul Aug. Sep. Oct.
25 154 199 218 23.3 17.1 11.6
50 145 190 215 227 16.6 11.0
7 138 180 202 21.0 154 105
Air temp. 16.0 20.6 225 24.0 177 125

Aele 21.5%% 227%E B dwbAog o4 Afdd AFE F& ST E UER
oy 7~899 a3 %A EE ¥4E W BFHES HAE ZA Yol uA (st
=2

rlo

ob & 450moll A AAHE RES] BAF XAl

otkEe] Fm¥ AlPolM(Photo. 4-1a, b) Aol Aol A} *3d Em
450moll A (Photo. 4-1c) A4 1874€oll &3 HE S FEE + v AV|2 EF
ste) Zol, &, FAE ZASAtHTable 4-13). {R¥E2] Zojy A A6 glojA XK,
M2 EFSAS W e Aee AEHE 7 UL AR A ¥gst AY ol F
o] x]2} & AR =Hl(Photo. 4-1e) o] A% EHRH o, 93 ZHL 7HEF R
A i FE 487 o]l Folly AFE HHEE AHEEHAC

2 ZAbA = K(Photo. 4-1d, ), o2 F2H AEAH e ZAUNE ZAEY
dl Ko B¢ Hole 7B 2170] 150cm, 7HE 2 Aol 96emz FE3H] oF 112
A71= 9.0~70me] AL2ZE 836m%Ah.



Photo. 4-1. Plants growth and products after the planting. a, b: Divided
seedlings(a) and planting mothod(b), c: Plants growing in field of 450 m
altitude, d, e Large(d) and small(e) rhizomes yielded after 18 months of
planting in 450m altitude, f: Rhizomes merchandised.






Table 4-13. The size of rhizome in 450m altitude after 18 months of planting.

Diameter(cm)
Rhizome size Length(cm) Weight(g)
Upper part Middle part Under part

Large 11212051 18009 253%£0.11 168%014 468*2.34

Middle 836+036 164x007 187009 1.14%006 2491249

Ao B3 2718 B K9 A9 vlay o AEAGo] A AsHY F2 UM
o2 FdEHUT

REES] FAlol lolME kel A9 468g, bl AS B0goz oF 20gol Aolst
wed 3 40molA £ ZAF 4 0%HTE A9 AVIAD UHA] 50%E
tht /hol A7IPed B AP AT 4EFAUE SR8} o]Foy 1E
e} A e] FHgskTh
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E AR BHFEAAGT UL, b FET B EE RIRC] HE ATl E
15Tl A vHA F, 1979) FReo] stAl @ Folls 20T/ Hogolds7t A
7] W3 REFstd stAck(cht 9} Sathiyamoorthy, 1990a).
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1990Db).
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Ald A& B

< methyl isothiocyanate, ethy! isothiocyanate, iso-propy! isothiocyanate % A% 3]
%-& isothiocyanate 3tEE0] WA ot olg F ¥k A &L &=
=2 allyl isothiocyanate® ©] €2 9] 3Fo] nFYole] rmfje kS AA3Ic}

F o] zjufel] e B A7t HFHol(Follett, 1978; Chadwick, 1993) B'E

o] AEE ded EFE€ I don 42 AMHEo dzt dFx gastA AlxEEo]
T #¥K(Ohtsury, 1979), #HF AFE(Etoh, 1990; Ina, 1989), 28l Eauky Sol

AAE L o (Taniguchi, 1988) T2 E¥el SHT ZAMst &Lo) ¥HEA,
amylose®] ¥ & ¥ chSugimoto, 1984). FwBolol Eo] Qi+ allyl isothio-
cyanatex= 733 Adago] ukn Lelx o m(Hodge, 1974) ©18 o] &3l #i
wit TZAE el AF HE MRS stele ARst olFoAriE sHTHINT,

st Fdo] WolAlzle St 1ol 7|9 AXTES, AR aln ks 9

ol fg HE o jbgez Agstn dck(Haruki, 1987). HAE olgA HE AF
& olol2=AY, TEF, A=, dejs =, YA Sl o]&3rIE sk a1 9o

ol Yol Fexng eV 3ok
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3. nFYo] HIER

HHHER S dry ice® ol 83T TZB7IE 400X295%300m271e] 2EH2E
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€ 1FYols ¥u LEsAT TAXEE =% 3ZA7I(WR180 Recorder,
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E A3, allyl isothiocyanate®} #d 38 BAstt}

ol fﬁﬁé 7ol ZotM utAflES A1 olE 4, 5T, -20C, -40TCol A
ZstHA A A7 ZHH R AIEE A3, allyl isothiocyanate?t #d 28 2418}
k.

5. Allyl isothiocyanate®} &3 &) 4o

I3 Yol F vfEot oS FE allyl isothiocyanate® ¥eld oo By B3
2 & buthyl-, ethyl-, methyl- $°] &=z it olE #IH ExS B3 uhy

e o 2o

7}. Isothiocyanate® 1L&%2 E&
(1) ABAIY 23 8o] Alg oF 80ge ETaE oA mifsted 7 Zepa3a
of Wi duFe 2uje FFTE Jtsld ZEI F FiR A w2 250 F
A 1AL Ak S8 kS EAZ
(2) 7F2313% diethyl ether 50mLE % &2 A&l SDE #Al(Likens &
Nikerson type simultaneous stearn distillation and extraction apparatus)S ©]&38}<
24 isothiocyanatesE 1A3F FF FE3 o0 ol Wzt 22 0CE F3
Egii=g
(3) & 98 F FFHNMUEFLZ FFA7|n AAV|FstA £9E A
o GCEAE A&2 AMgsdt olw EEEFE Sigmait AEFE AHE8lY <Table
5-1>3 & 2722 GC(HP 5890 Series )2 ¥4l g#E 538 Ak
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Table 5-1. Operation condition of G.C. analysis.

Column
Detector
Column temp.
Detector temp.

Injector temp.

Silicone SE 30 (5%), 2mm X 2m, Stainless
FID

100C 5min., 150C (10C/min)

250C

230C

Carrier gas Nz (59 /min)
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Fig. 5-1. G. C. chromatogram of isothiocyanate standard.
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(4) <Fig. 5-1><& fZ£#5#9 G.C. chromatogram® & o|& 7|02 ke allyl

isothiocyanate®} & &S ZA3 )
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A Fhol 7bedte FFo] 7hed mgtololo]2E o] &3t I FYPole]
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o

Table 5-2. Freezing time of Wasabia japonica by size.

Diameter(mm) Freezing time(hr) Freezing temp. Remark
13 47 -83TC Freezing point -1C
14 43 -83C
15 50 -83C
18 54 -83TC

<Table 5-2>clx BH nFYPolo] Efe] & FAHEH L8FHe ARt
o A2y A% 18mel B¢ 54¥ol 2eHUeH ojf) HHEY 2Ee -8CE F
Asta AU

s HoYad Jd4dE Ve AAE 2 -1TE EAHAY. o9
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Fig. 5-2. Freezing curve of Wasabia japonica.
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g B3 F AuAE FEee 3 FEYHRE 29 o)L FES #AT F
7}

oh 488 R OER ATE mOBML

AR £& oty pFYolE AL 5T, -20TC, -40TCol AAstHA FQ vfe =
A%<l allyl isothiocyanate®] 38 ¥4 AZL3Hch
BT T3Yol9 allyl isothiocyanated] &=%¥3lE ZAMSE A= <Table

5-3>3 2t}

Table 5-3. Isothiocyanate content of Wasabia japonica during storage at room

temperature. Unit : mg/100g
Storage time (day)
Attribute
0 1 2 4 6
Raw 108.4 1099 - 108.4 99.8
Mashed 1084 4.1 831 70.1 60.5

<Table 5-3>°4 B3 ¥i&kr 2719 ally isothiocyanates 108.4mg/100 g (A A
TFYoho 2 AFFoy Afie HAF 4972 & H37E gl A 6¢H vfE

A o A AL
B A A% 190 vl st A8 dERe) ZAaHD USE B 5 e



AZE Wste 2= ZAHE JAV e Aeg By ERITRS A=Y 2Fe

<Table 5-4>, <Table 5-5> % <Table 5-6>3 2t}

Oi}l

Table 5-4. Isothiocyanate content of Wasabia japonica during storage at room

temperature. Unit : mg/100 g
Storage time {(day)
Attribute
0 2 5 14
Raw 1084 - 108.1 884
Mashed 108.4 1103 98.1 -

/
T "olxle A¥E Holn
o] ¥isle 2xo A3e AA JARE & F Utk olsk B 4L nFYo] &
2ol g)+= sinigrin®l myrosinase®] €]#14] allyl isothiocyanate2 3= A4
QD ub EFRe] ST 259 WAV V] HELR AT

Table 5-5. Isothiocyanate content of Wasabia japonica durmg storage at -20C.

Unit © mg/100g
Storage time (day)
Attribute
0 4 7 14
Raw 1084 - 1106 109.8
Mashed 1084 106.1 805 81.1
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F8 AALEES O 33 kigsolatz Aste A dvHoz FaAH KMo
U siehitgol Adso] AANE PAEE vl ndole) AT ulEd YL B
itk & -20Co AAsl= A% (Table 5-5) allyl isothiocyanate®] ¥3+= 14
P A ik e ok Ee A9 AR 1490 AP WEE nolm Ux

gl ol oju] MAH ally isothiocyanateZ} #&oll oJsjr] 7ZHasts Aoz FAdc)

r

AZLEE ¢S EHA -OTR AFste Z$E W <Table 5-6>3 Zo] A
T 2649742 BAF dste A9 god udEe ASe AY 108%H allyl
isothiocyanate®] o] Zastr] Alztste] AR 25¢ole 271¢@e] N0%TELE
"oz ok

Table 5-6. Isothiocyanate content of Wasabia japonica during storage at -18C.

Unit : mg/100g
Storage time (day)
Attribute
0 4 7 14
Raw 1084 1028 1089 999
Mashed 1084 77.8 72.1 711
ol IFYolg 4y T EMLOE AYste B dfte dvtxes XA

o] wtfEFRT A= FLoAe 49, 5TolM e 5dold, 20Tl = 14¥0]
-40CAME 25¢ A% wf& stel Wskgle] A% 7hs st
&8 whsliste ARste A A7l vlnA Fol FAME 1¥, 5TlAME
s5dolul, -20T Z -40TolM e 5798 A=A o b& A7) 42 UM

wdfra= allyl isothiocyanate®] ZrAas ikl 2%t Aoz FAH A

3. BlEYS °l&3 mI%m
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