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Establishment of Contract Manufacturing through

plant tissue culture of superior seedlings
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SUMMARY

We carried out establishment of contract manufacturing through plant tissue culture of

superior seedlings. Including phalaenopsis, blueberry and apple draft rootstock M9 and MZ26,

plantlets were produced and supplied by plant tissue culture. The results are follows.

Phalaenopsis/fruit crops established the mass production system and contract
manufacturing facilities building

Built mass production system and establish automatic seedling production system, and
we produced 94,146 clone seedlings of apple dwarf rootstocks

Phalaenopsis mass—produced 667,103 clone seedlings used automatic seedling production
system and tissue culture propagation method.

Construction of blueberries mass production and supply system standard plug seedlings
325,712 clone seedlings

Contracting production facilities construction(One acclimatization system and Tissue

culture room )

2. Establishment of Phalaenopsis relationship culture system and mass production

3.

of domestic varieties

Establishment in rooting system of adventitious propagation method and produced
309,170 clone seedlings.

Select rooting medium during the culture process of relationship culture system

920,500 clone seedlings produced of domestic varieties.

Automation of tissue culture system and environmental control program

development

O Appropriate acclimatization environment for tissue culture seedling of blueberries

The objective of this study were to establish a in vitro culture with hydroponic by
determining optimum environments followed by optimum growth of blueberry nursery
plant.

In vitro blueberry nursery plants were transplanted of a hydroponic 106days. For FL, LED,
White LED photosynthetic photon flux(PPF) levels of 80 and 150 pmol'm ?'s™!, electrical
conductivity(EC) level of 0.8 dS'm”, pH levels of 5.0, substrates kinds of peatmoss,
perlite, coconut coir, rockwool, polyphenol resin, PMLYV (Peat:Perlite:Vermiculite=6:3:1),
and PML(Peat:Perlite=5:5) and hydroponic kinds of aeroponics, DFT and NFT were
provided to investigate the effects of the treatments on growth of nursery plant of the
blueberry cuttings.

Plant height decreased with increasing LED PPF. blueberry transplants grown under
LED PPF of 150 pmol'm %'s™! exhibited noticeably compact shoot growth with increased
leaves. Plantlets with shoot weight, plant height, root length, leaf length, leaf width and



leaf number will be more suitable for transplanting to ex vitro condition.

Optimum growth rate of the nursery plant blueberry was controlled to EC 0.8 dS'm
with 5.0 for pH. Optimum light source, photosynthetic photon flux and substrate for the
growth of the blueberry nursery plant in the NFT hydroponic were determined to LED,
150 pmol'm s for photosynthetic photon flux(PPF) and peatmoss for substrate. Appropriate
acclimatization environment for raising seedlings of blueberries

Plant height and number of leaves was the highest After blueberry acclimatization in
EC 1.2dS'm™. adjusted to pH 4.0 and was effective for early seedling growth compared
to the control (EC 1.0, pH 4.0) was added to the 1 mM NH4SO4.

Appropriate acclimatization environment for tissue culture seedling of sweet potato

Sweet potato acclimatization rate was 100% after 4 weeks when the relative humidity keep
more than RH 85%. there fore rootless acclimatization is effective. Acclimatization rate was
highest when retaining 959 1 day, 8% 2 days, 3 days to 75% and rooting was vigorous
between 3 to 5 days. It requires maintenance of minimum 1 to 2 days in RH 95% to facilitate
rooting.

LED light wavelength (white: 4007450 nm, 5007780 nm, Red: 7007780nm, Blue:
4007480nm, R: B = 3: 7, Future Green (FG): 400 to 800 nm) when grown in accordance
with the live weight and number of leaves a lot shorter plant height R: B 37 mixed
LED was suitable

Appropriate acclimatization environment for tissue culture seedling of potato

It was intended to closely examine an effect that a change in the concentration of
culture medium had on the potato(Solanum tuberosum L.) plantlet growth in the
microponic system so as to mass—produce the virus—free plant of new variety ‘Saebong’
for potato processing.

The adjusted concentration of potato culture medium was 0.2, 0.6, 1.0, 1.41.8, and 14.0
dS'm’. And potato seedling was cut into pieces of 1.5 cm in length, which included 2
growth points and leaves. And each was explanted in glass vial of 50 mL. And
experiments were carried out twice for 18 days or 2ldays. Culture medium of 2ml was
put in the container respectively. And 1 mL was added after 10 days. And in terms of
cultivation environment, the experiment was carried out at the day length of 16 hours
at the temperature of 23+1°C under the white LED light of 40 pmol-m %-s ..

The results showed that the survival rate of plantlet was 90% at 0.2 dS-m, 100% at
0.6 dS'm”, 100% at 1.0 dS-m™. 0% at 1.4 dS'm”’ , 0% at 1.8 dS'm" . and 0% at 14.0
dS'm! after 7 days. With regard to the explanted potato seedling, in case of the
treatment where the electrical conductivity of culture medium was adjusted to 1.0
dS'm™, root developed 2 days after transplantation. And the plantlet vigorously grew
into strong plant that had 7 leaves, length of 5cm, and fresh weight of 0.5 g after 18
days. In case of the treatment where the concentration of culture medium was adjusted
to 0.6 dS'm!, the root plantlets developed 4 days after transplantation. And those grew
into plant that had 7 leaves and fresh weight of 0.2 g after 21 days. Therefore, we

_7_



found that it is effective to control potato culture medium by adjusting its electrical
conductivity to 0.6°1.0 dS'm' for the mass production of virus—free potato seedling in

the microponic system.

O Microphonic system development and demonstration of horticultural crops in the
greenhouse for acclimatization

- Hydroponic differentiation and seedling cultivation takes place at the same time creating
an environment control system was automated and available in two energy saving the
nursery system available to lead agency. In addition, this system has been configured
to also apply a variety of crops, as well as blueberries.

O Development of environment control program for acclimatization

- Seedling production traceability programs and tissue culture production traceability
management program was developed for tissue culture room energy savings.
Environment control program has been developed by the Light, temperature, humidity
measurement compensation. After registration program plans to transfer technology to

the tissue cultrue enterprise.

4, The virus free stocks were established in floricultural crops, sweet potato, potato
and fruit rootstocks.

O The establishment of virus free stocks in floricultural crops, sweet potato and potato.

— The establishment of virus free stocks and in vitro mother plants : The twenty virus free stocks
were established in chrysanthemums including "Dream Land’, multiplicated on MS mediun with
2¢/L activated charcoal, and supplied. The establishment of in vitro plantlets in Anthurium,
Alocasia, and 2 Ficus species.

- The establishment of virus free stocks in sweet potato and potato : In six sweet potato cultivars,
virus free stocks were establishmented, and multiplicated and supplied on MS medium with 0.1
mg/L NAA. The virus free stocks in three cultivar potato were establishmented and multiplicated
on MS mediun without plant growth regulators.

O The establishment of virus free stocks in floricultural crops, fruit three and strawberry.

- The virus free rootstocks in fruit tree and supply : The virus free rootstocks were
establishmented in apple in M.9., M.26., pear rootstock "Baeyeun 3" and cherry "Super
6", and multiplicated.

- In the two straw berries including "Dae Wang”, virus free mother plantlets were
establishmented.

- Adequate media were founded in foliage crops and multiplicated especially in Aglaonema
and Ficus.

- In vitro culture of crops by plant tissue culture : The twenty thousand plants in 15
sweet potato cultivars was produced and supplied. The twenty eight virus free cultivars

were established and micropropagated in Li//ium, calla and chrysanthemum.

_8_



O The establishment of virus free stocks in floricultural crops, fruit tree and sweet potato
— The establishment of virus free stocks in chrysanthemum cultivar "Baekma” et al.
- The virus free mother plants were establishmented in six sweet potato cultivars, and 300 thousand
plants were supplied.
- The virus free rootstocks in fruit trees were multiplicated and supplied.

5. In foliage plants, sweet potatos and fruit trees, Many plantlets were produced
and supplied by plant tissue culture. The results are follows.

O In the first year, the seventy thousand plantlets in Agreonema and Syngonium were
multiplicated, and supplied. Agreonema was multiplicated on MS mediun with 0.5 mg/L
TDZ and 0.2 mg/L NAA, and Syngonium on MS mediun with 3.0 mg/L 2ip and 0.5
mg/L NAA. Ficus was cultured on MS with 1.0 mg/LL BA and 0.1 mg/L IAA, and
Ficus 'Bahalensis’ on MS with 2.0 mg/L BA and 0.5 mg/L NAA.

O In the second years, adequate media were investigated in foliage crops prefered in the
nation. The 5,000 plantlets in Alocasia were produced by tissue culture, and supplied,
50,000 ones in Agreonema, and 20,000 plantlets in Ficus. Including cultivar "Dahomi”
40,000 plantlets of sweet potato were produced by tissue culture.

O In the third years, 50,000 plantlets of sweet potato were produced, 12,000 plantlets in
Caladium "White Ball”, and 20,000 ones in Flicus. Apple rootstock M.9., and M.26. are

producing by tissue culture.

6. Development of technology for the mass propagaion of virus—free nursery stock

O Interest and great demand for blueberry (Vaccinium corymbosum) have increased, as V.
corymbosum 1s now one of the most economically important crops in Korea. It is expected
that blueberry production and the area planted for cultivation will increase consistently in the
years ahead because of high profitability and the consumer’s demand for healthy ingredients.
Effective mass production of blueberry is urgently needed for commercial cultivation
establishment, but a main limitation is lack of a propagation system that produces a
disease—free plant material for commercial plantation. A large amount of research has
focused entirely on developing tissue culture techniques for blueberry propagation.

O However, controlling fungal and bacterial contamination of woody plant material 1s extremely
difficult. Our study was conducted to investigate the effect of biocide addition during the in
vitro culture of blueberry on plantlet growth and contamination occurrence. Four biocides,
including Plant Preservative Mixture (PPM™), Vancomycin, Nystatin and Penicillin G, were
used In varying concentrations during the in witro propagation of blueberry. When nystatin
was added into the medium at low concentrations, the overall growth of blueberry plantlets
was retarded. Addition of vancomycin and penicillin G in high concentrations decreased
contamination but induced plantlet mortality. On the other hand, when 1m¢/I. PPM™ was
added, the growth characteristics of blueberry plantlets did not significantly differ from
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non-treatment (control), and the contamination occurrence rate was very low. From these
results, we found that the addition of the appropriate biocide could provide an effective
method to reduce contamination in the culture process, thereby raising in vwitro production
efficiency.

We surveyed the growth differences of in witro blueberry plantlets propagated from apical
meristem and leaf explant. The length of plantlets cultured from apical meristem increased
by 18731%, but the number of new shoot increased by 1.571.8 times in the plantlets cultured
from leaf explant. The changes in blueberry shoot proliferation were investigated after
repeated in wvitro subculture. The shoot death rate increased by 2.8 times, and the
morphological variation of leaf was also detected, furthermore, ex wtro acclimatization rate
decreased by 12% after fifteenth subculture, in comparison with the results from fifth and
tenth subculture. Therefore, we found that the vigorous and healthy blueberry plantlets could
be produced within the properly repeated subculture.

We checked the possibilities of virus detection in the various propagation stages from in
vitro culture vessel to field by ELISA. All samples showed the negative responses when
the detection tests of 4 viruses (BIScV, BShV, BLMoV, BSsV) were conducted.

Field performance of highbush blueberries propagated by cuttings and tissue culture was
also accomplished for 3 years. There were no significances in flowering and fruit
characteristics, tree height as well as the harvesting time. But the number of main branch
and new shoot increased significantly by 50% and the production yield of fruit also increased
by 20730%. Therefore, it seemed that the cultivation of blueberry plants propagated by tissue

culture could induce the high yield if the proper pruning and fertilization were applied.

_10_
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(Z91-3) ZellwAls A agold 24 5 3l

(DPetal?} Lipoll Wo]7} @A 3SF+= Peloric mutant, @petal®] lipo = W3} Labellum-like lateral petals,

chape A AT ol

hs

@petalell polliniaZ7b & %3+ Anther-like lateral petals mutant, @314 Wdo] HWo]lE do7)=

Anthocyainin pattern mutation

A2 FEE gFEEo] HE(in vitro plant) A Hl 2 FUI =& 2 I FEo] o F
oA o ey FHtoll= MA AlFelA w3t gsE 154 H 25X 5 74 LERS 7T
Hlgo] F7Fst7] AlZbskaith. =W s7F= Aujr]zte]l X1 B¥E Hue &3 459 FH, ¢
2(153], 25)9} N3t H(Blooming size)?! 35%2] f%o] F71ete Adow Wwasta Q)
2 BANAE AFe] FH S5 B, FHAYS AEdtr] flete] 2AMY HEe %
wol olyel W 38 A|2d"S AwEa, 153, 25X, MIE 74 TEQ AAAAAS Y
stom, ZAMGH FAAM, AE3FY Jhde]l =¥ SIAAE 2 SBEAe] RS}

=13 ] o
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(TDZ, BAP)S 3 5ppm #7Fsta, T34 YE((20710ml/L) #7718t volAE FxskA =
N PLB =42 ?3% L2 ) u JRuA R o] &3, B 2HEAL I

kAl &3l shoote] A¢t

<3 1-2> ZEEA

. 71E 58 o]&3le PLBE %84 Ho<iE 1-2>

Chemical Name Concentration (mg/L)
(NH,) 2S04 30.39
NH4NO3 3.2
KNO3 42.46
MgS0,.7H,0 25.64
KH2PO, 46.27
Ca(NOg) 2.4H20 63.76
Na2—EDTA 7.46
MHSO4.7H20 16.9
ZnS04.7H20 4.3
H3BO3 3.1
CuS02.5H0 0.0125
NasMo0O,4.2H20 0.125
CoCl2.6H20 0.0125
KI 0.415
Glycine 0.4
Nicotinic acid 0.1
Pyridoxine HCL 0.1
Thiamine HCL 0.02
Meso—inositol 10.0
diloln| s fgh v AEE 20139 % ld'}oﬂ 5044 <% 1-3>& Jd%Es%al, 2zt
71949 <3%1-4>, 3:32F 10,343<3E1-5>H oz ZF 225818 S QA =ste] Hyo|ujdoe] &3]
7ol 4+ URF suh
<GE 1-3> 2013 F#o] HikS S MY R T
S o State
ol sEAA Multi-shoot | 1% Rooting | ¥4 (Bottles) W=
Ty 12/28 65 65 dh Al g
1/16 360 360 El e
3/12 403 403 e
5/11 1,156 1,156 A WA
7/5 1,020 1,020 A A
9/23 1,326 1,326 AA A
UN341 1/16 210 A A
495 7/5 714 714 A A
Al 635 4,619 5,044
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Aosl= A97F Bol A o] & AV Ut B FAAdAE EFHEE o] &5ty HEF
of A, diFsst AAE sk, A, ﬂ_ﬁwlv S 2 U SAEFFTe HEdA
Aol o] &8} A}FsTh

(1) EFug 2443 FREF dEFS 2 vy

ZIWe g A EAE FEAYE Qe vid B4R E AFES Qe g EEEd9E
107155, 3 7555 10/1EFS 7IHEY sldsdu<itl-6>. EFng s 27 AF=x
AEA ARgo] HEAAsta, YA AMHAA 77 FAAES A zuujada] A &Eo]
=R Z7] wiFo]l A F3HH bush typeo] TEHOZ AHolgAMAlo] HF3FA| kol Z]uiE] ek
g8o] g =& Hol}rh
<HE1-6> EFuE] 7S 5

T =51 1
2, g, =49, o2, dekgs)
SYEYEES | LaEFY, Jpd o} gl FR &5 11705 &

waWE YIRA, 107 &%

(6]

eies fFE g0l S we £E0E, 13 Mgl Hx 109014 FHEL AT

2°] 500ml culture vessels ©]-&3te] 1571¢] A %E o] astH 13l 10071 o]d< 73 2
EAS 1 ¢ doj(2Yl1-7) 459 HF o7 3743 AUuiSoe R EF1 vl FHoR F
21 3 A} w3 1A £3eF 23 £35e] A S A F 3uA ddE FAHAS F
sto] H#UHE AT & UAATHH 1-8).

(2" 1-7) =7 71
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<R 1-7> 1 92 EFHE] REES List € Radsd

- TH ()
= < - L] I
1/8 3/7 4/12 4/30 7/26 A
101 2,214 12,672 19,456 20,608 54,950
102 8,320 8,320
103 144 7,858 16,000 24,002
104 512 6,400 6,912
201 5,120 5120 | «T3si¢k=
202 88 88 128+
203 6,324 8,448 15,272
204 10,327 10,327
205 40 7,040 8,960 3,840 19,880
206 4793 4793
Al 33,262 27,826 19,712 28,416 40,448 149,664
2049 = FeIE fote] 20133 %= AP A5 3} systemol A 13 100,000
ol tFrs 7ts3 systemo = WASIY. £IaE TUHE 9ste 400+ plug tray
of ZIWREE AAsA I, o)A 27 4% &5 d4S B8] st 27 Y2
FUHFE 9%l oz 243t ¢l 5w 25+22TCTE A, Fev AAFS
T FYoR ofsty st FHELS AAFS AFE o] &3t 1007120pmol s m*9]
BFEE FASAT. fE5v £3A 27 0% E FASL YA 7S MM FREE
WN7FE=7A 3 = F de 2UE Pt F59 A= v EdEdd
5 ol &AL, estdy 7] =35 9ot air pumps E&35t] 24X FUIE T
EEva=

a9 1-10)3 o] dEsstE AAste], 4 W=E 2vo =z At #W=9 50,0005
= TAd +£3td § JdEE AASE T W E A E S 4007 plug trayel o]} ske] 20



do] M HFEVE B vt FE 1507250umol-sT! s mT?e] FEAR olF3dte] 10¢
kel 2x F3|zbs Ao T 1287 R A 2L ASAAL. #3& A 128

o
T2 %A 2L AT AU FE-stol ¥4 AF 2060 0] 94.72% 2 =3} & 0]
=3&o] 3200%= vl UAdT<E 1-8>. 304FF9 A
O
=

R WG 26 FHE wol 3

o Jo X

=35 w3 s Ry Ll

101 20,000 15,230 76.15 )

102 3,000 2,540 84.67 srrstel w4
203 10,000 5,248 52.48

205 25,000 23,680 94.72 -8fo] -4
304 10,000 3,200 32.00

Al 68,000 49,898 73.38

(2% 1-11) 20149 % E2we $3dsn

b

2dA B B W AT Ediel olshe] 20149 89 18F #5 L FH
TSI, A WFA e st slEol Aol ool A

2 oz

2014 109 A9 ZoelgAA 2 AdeeF A% 102,150F 2 =5
BEFSYI<E 1-9>, (23 1-11).
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<E 1-9> 23 EFWE] RS List 2 R

- TH )
= 5 - 121 I—
20143 8¢ 20149 104 SHA
101 15,230 19,800 35,030
102 2,540 350 2,890
201 750 750
202
0 650 650 8911987
203 5,248 24,800 30,048
1091
204 100 100
205 23,680 9,900 33,580
206 550 550
304 3,200 45,250 48,450
Al 49,898 102,150 152,048

(2) Ab S ZIe g R o3 AASH

[e]
A

FHANA Ambe AA g AN A e

2 Agol.

AA Fasro] Aby gAAFLe

& 7 =

AE A o] 31,167ha’t AMiE 2 on, MAAHOZ 69569,612%0] AAHE

B2 2011d d A
= AR}

e

Fol 478%% 714 wol Aelm, 2917} )
% 61%% F3] AN g He WAT AN AAm Aok @ 07%2 A
Algoz & oo AibEFo] mu|stth<i 1-10>.
<E 1-10> F8=r9] ARRAAE & 81(200172010)
e 20014 (&) 0 %(%) 20104 () ) % (%)
= 20,022,763 34.8 33,265,186 47.8
Ll 4,276,810 74 4,212,330 6.1
1284 2,450,000 4.3 2,600,000 3.7
o] e g 2,299,100 4.0 2,204,970 3.2
SRS 1,230,000 2.1 2,163,400 3.1
Zd= 2,433,940 4.2 1,858,970 2.7
R0 2,397,000 4.2 1,711,230 2.5
Jd 2 930,700 1.6 798,200 1.1
el 660,000 1.1 752,300 1.1
Sy 403,583 0.7 460,285 0.7
A A 57,587,764 100.0 69,569,612 100.0%
A AL A A oR WE wua Al deEa Qs dge AL WA N tdt
B Aol e e Frat ANAdon AN4e AR ol gdopd sHsd ol
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SEg R AdAgen 7t And 24l AART o} A ggviEe] F
Aol Azbgel e ws st

AA7A AP g deaatel d@ Q7 74w thakd A7l oshe Aol
Al oF AW BFAAAAE o= A% Yol dvd F o #8 w1
A% AgAel Gurt ojele Wit wago] wg vhol Agom ol §¥A Rt}

e .

2 AE s, EFE el o]o] A A tiE ] S 9ete] 2013 Holl HF
o AR & AL AE A MOU Al Aol sto] 2014 E2AHow 7IWulf B =31 A7
ggel =3k

AR g = 2 VIR 37 SAES 5 67 FF9 A L shoot tip vl &g %
S A T<EE 1-11>. HFAS flsto] F35E 10070e) B3-S A3 ete] 1009
mother blockES %Al3dlal, ©] mother block® ZHE 1,000 vessels®] tholA](multiple shoot)S
kA3 319 H(multiple shoot 7] ®l%]). o] @A kA ® tholAl= 3000 vessels® =231 0.,
k2o gt 2 ol o] WAIS A8l single shoot AERS] A 73 shoote} A8 W
ANATHAR G A FEA(2E 1-12) olek & F42 (29 1-13)9] HdA di&E i
AR A ol whe} X a skt

< 1-11> 58 i AR B HE 2o R S EE

-
Mo
o
ofN

3 vl AL

B T-337, EMLA, M26
A} Rk ’ o 671 %%
e Chunglim 1-1, 1-2, A% e

(29 1-12) A} fA T =9] shoot tip MY B 71l 54

3,000 vessels i PR colimiate of
of single ) ' 50,000

culture o i shoot

plantlets

(2% 1-13) A% dieat A
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AbF = TolA] ZAHAAS A AANEAZ F5 T U 9S uw wtgo] w9
o]

ek, Ak go] gkol Eshbb v o E R ==, #e flo] AR g3 5
Tohel S Al JPstE AL AR JES JFHoR BEEAs o b dAR,
A Jobs wstdds Asigo] =dvh gste] Zejdel adrb F9hd wgAS F
T IR FA Mdstde | 7l Eae 9A 2 d3E Bt (El-15).

(2H 1-15) 7193 2 7IE 2 (9)
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o

oyt HIHAS AR F £3E AYsI. w8 dFAH 25 air pump(Z2H 1-16
o] &3 microponic culture system(A2¥53A <} FENE)S o] &alo] W33 o
16 45=), T’Eﬁ‘r e & gJdo= “L:L% HA(LHEL-16 3 H5)s ST

(19 116) AsgE £599 % 72 EER %

(28 1-17) 38 T 209 AS©2x] TE) I ¥a] u2ag)
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EShpE T4 ZED SR F VIE0 SR 9% AL 2P A4S 98

el

(218 1-18) AP} A4S (M)A TER 24 o4 b))

49 159 H=x= F19 14 XEEE 201569 5¢ 109 +vE 23A4 o, 278 (7
4 10¢) 2% 60cm ©]d 273 07cm Aol Ad #7712 At AdezFEH 20cme oA
1 ] 12} 13550+ & & 7

Zhell 94,14657F = E (3 1-12) 230 A 9 HJ&sto] Rk ox Aty gt
<E 1-12> 20159 % Abg A TE A 2w gE g
=5 TE A =} T4 T
12 4/15 13,550
22} 4/30 22.700
33} 5/15 16,165
A} 47 5/29 15,920
9 A3 off & 52 6/5 274 24% 7,970
M9 6} 6/25 6,500
72} 7/11 8.250
7)€} 7/18 3,091
3HA) 94,146
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ol

Js.lj'|7|-

—3 { ks

Z [l B 2(100axillary buds/test tube)

1A} Sub culture 374 & 10~30 cups(3 buds/120ml volume)

24} Sub culture 374 & 30~50 cups(5 buds/cups)

34} Sub culture 374 & 100 cups(5buds/cups)

5XAF Sub culture 374 300 bottles/(20buds/500ml)

6A} Sub culture 37 & 1,000 bottles/(20buds/500ml)

1%t Rooting 37§ & 1,000 bottles M01, 1,500R0, R1

W e T e et N e dh Y ek T e N e i T e

2nd Rooting 2t& 3702 1,600 R2=16,000=

4%} Sub culture 37§ & ﬁ 100 bottles(20buds/500ml)

[ £ 4717 24742 (29) ]

(27 1-20) ZeFAl2 100719 s Hols o] &3k T4 A%

o~

F71el FAAE 2AE XEe FANHES O FESATAAA stue A FIRA
Abetel 27370 ¢ HotE 7 wigstaL, 17h¢] ©
5 Fjof gty @ dFAN GAE 3
of ot Wo] f5&5 Fwtdt th3, 1007150709 317 dol& iﬂ—ﬂf?oﬂ o =
gheh 10070 9] Hol=H-B 5764 Al Fskel 1,00070 ¢ S d = =t
oo g Hg el #eEl= 7 dAEE F35E Folgto]<31-13>, TO1 stageoll A 37 Ao} H=
meristems A &3le] Z}719] test tubeol] wlEle] Ay AR EFS U = =¥
J9 C
A

R
s
i

ro

Noti= 120mle] Bl YE7](cup)E ©]&3te] 1007§7h4] Fe-& FAsa(COl stage), FAE
stage IS 500ml Wi ol =7 2733 Adwidoz AWA ) =FANFEE MO stage= A
Yt MO1 stage® YHE F3 7bed FH Aiko]l JIAEM, ZHzke] MO1, M02, MO3
stage®ll Al 13] 16,000723,00052] EBE AAitsta HF ko] 1749 Hol=ZHE 1,0007] o]
d AAEA REE uf MO1, M02, MO3 stage™® TE5AHS g4 Ao 17 4] wFAA
o] APHAHL T2 ZAE(2H 1-2009 Flow Chart(2@ 1-21)¢} o] g 3c),
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¥ 1-13> 248 dAE Coded ™

Code No. of propagation vessels Stage =22 AY Ak
TO1 | 100 meristem or axillary buds/in test tube | Propagation -
C01 | 17100 cups(5buds/120ml cup) Propagation -
) Propagation .
MO1 | 1,000 bottles(20buds/in 500ml bottle) . 12 54 16,000~
Rooting
) Propagation . =
MO02 | 1,000 bottles(20buds/in 500ml bottle) i 27 54 16,000
Rooting
: Rooting }
MO3 | 1,000 bottles(20buds/in 500ml bottle) ) 32k 4 23,0005~
Ending
END 55,000
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Flow Chart
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7beet AEAR JAstTh 20151 12¢9 F 29670A A S diste] sl s
1-23).

Viruse A A3 mfule] S22 n S 9ste] 20139 A7) S 283 Ao o F 5]

O

SAl, SA2, SA3 Als9 7wl FFe n 9ttt 3% EF SA-12 A&
A F7lel A Austdal, SA2 FE9 5 lined EF wholeixvt A AL, SA30AE 171
line®] SPLCV HA AT wlo]gy 27} HE=F 1 SPFEMV, SPGV, SwPLVAAANA = E5F
negative® FALE ATH<CE 1-12>. @A negative® FAIH AlES tj@FH2lo] W3xar g},

—|~
s
Ay
[>
2
X
o
tjo
o

>~
=
ol

<E 1-12>37wh AR gl ot whole s A|A

NER] AlE¥WE | SPLCV @A | SPEMVAA | SPGVHAA | SwPLVAA
SAl- 0 - - - -
SA2- 1 negative negative negative negative

2 negative negative negative negative
3 negative negative negative negative
4 negative negative negative negative
5 negative negative negative negative
SA3- 1 positive negative negative negative
2 negative negative negative negative
3 negative negative negative negative
4 negative negative negative negative
5 negative negative negative negative
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negative negative negative negative

negative negative negative negative

6
7
8 negative negative negative negative
9

negative negative negative negative
10 negative negative negative negative
11 negative negative negative negative
12 negative negative negative negative

aEke] wpel s FH TS g A SHS Skl Al fEEE 78 6 ToEE
S AR Mg om<i1-15>, 201349 59 X AHsto] 54 EARSItH ™ 1-23).
EIE ol cuAAEAacd EE A% ¢ 4] 5 el W dEFeA A
Folm 71 A4 A3H s AN M Aakstl.

<E 115> Lk FUSHEE D §

(¢}

M SE7be aqel od RAET P BRUA EF Ul 2 guwse A5
7} A zalg MAE s, vEE

2] 13 =
§3}oll Blue colore] 3tAME 7FA a1 Qo 7o)l A ASHA] ¢har 2] wkAy
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o
- -HO
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[ e P Vo [
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o] o]FolHILKE 1-16>, T2Vt HaHS Aiste] srtd a3 ool w32 A )
P54l e &9 IS T/ FUAARSH FAATS GHste UGS o F s
dEHE 2dulds A gl Atk HEA gaFel dEFd 2 Leptospermund; Tea treest
Boronia®] f73Ad §A 2 wzF SF7F AdEFFe] g As s JiuedS AA skt
<E 1-17>.

<% 1-16> S SAES VU =Y 2 S service A%

H ¥ 2 7] o} HHAz
& 2= (Peperomia (Opunitia
graveolens) feus—indica)
) ZEA =&
= 7] WL} e o o 2 =T

2|

T =& H 31
I iAo A2 g, Tea tree(Leptospermum), s
3} PO ) AdE 2 F5
SHEFTEAE Boronia

BEaAE Eé} [dell 28 AAF-7 ol FEH Qe 2w (165m?) 3}, 2wl %
H SEAHEe 990m 12W Hlde24 660m%)S FA oz Al AHS L&) 25f
Ao z‘s:ﬂuﬁogo S8 1 2Um*9m=36m") e} AAF SR o] 537 A wAQl @
23414 (4m*14m 6 2) ez skl audoa J3ae & 5 e =218 7583
A, SR SEkAe 2n Ay st Adds FEE AMEE & e 2HoR

170 22 (7Tm*25m=175m?) & A %] 5} 9] t}.
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<E 17> 9 A FES A AH g

Z 2 v %A (m?) &34 (m?) 424 (m%) A (m?)
H A I H 2 IS H B s UES
71 EAIA 165 1 165 1 1,650 2 1,980 2
At A 92 2 175 1 3,795 2 4,052 5
A 257 3 330 2 5,445 4 6,032 7

AYPT = =S 1.2m*+20m 3¢ WGHE 392 v X 51

507 plug tray+ 60,0005, 2007 plug tray
= o3t ¢ Ade rEE 7 ARk 3dE sk
Zt7] +9E F AEE AAYAY YR SSEF FFFEE 918t 2lm * 48m RS 1-2W
32m * 8m, =i 45m WA

3 A
CEANe, 43 2 A
Zone, A$- B, C ZONE <3}
%

it
ol
Ol

[e)
SEAA

< 118> AP A] e o] 8% 18] 3} Tk
&

<318 plug tray T4
50+ 200+ 400+
No. plug tray 2007 2007 2007
No. plantlet 10,0005~ 40,000 80,000
No. shelf 671 671 671
Total of plantlet 60,000/1 8] 240,000/12] 480,000/1 8]

Crops fias HEF ZEF

w3717k 104 20 104
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m JA] 120139 7€¥ 124

=

A PN (BFUEAY

[4{7} : Dr. Chen, Hong-Hwa(th¥t 394§ thstins), w8 o FAHE Y52} 8h)

-

Experiences:
Director, Instituteof TropicalPlantSciences,NCKU, 2009/872012/7

Acting Dean, CollegeofBiosciecnesandBiotechnology, NCKU,2009/872010/7
Research Fellow, InstituteofBotany,AcademiaSinica,2004/272005/1
Visiting Scientist, InstituteofBotany,AcademiaSinica,2003/872004/1
Professor, InstituteofBiotechnology, NCKU,2001/872007/7

Associate Chair, Agricultural BiotechnologyCenter, NCKU,2000/472002/7

Visiting Scientist, Laboratory of Plant Genome and Plant Physiology, University
of Perpignan, France,1998/1071999/2

Associate Professor, InstituteofBiotechnology, NCKU,1997/872001/7

Associate Professor, Department of Life Sciences, NCKU, 1994/872001/7
Postdoctoral Fellow, InstituteofMolecularBiology,AcademiaSinica,1991/1271994/8
Orchid floral scent, Orchid floral development, Orchid floral color, Orchid genomics

Molecular biology, Cell biology, Virology

nA R AME Ug o BelwAs 240G EAve QC 2 SOP
S EdEAs AN AP dPAA Fadel A KA FAEo] #e

2)

2 ]
ol i FdAF 1770 ] vizshE g £ o] iRt wrF R A A= 8
2odeor dyade, dolA Wl staged ﬁﬁ% Collectingoﬂ o] sto] 4]

THAATE o] & HAS B 53] Aok

wepel FAvel 9skel QC W SOP Aol =sisofok .
grre @A QC % SOP Adel EEm Rl v, vhm= Azl €3 QC
SHER A& BT

FIANA APFE] 2AMFS o] G oA

g Al 20149 5¢ 1¥

F & YR (BFUESAY

FAA  AYASY BEFAY, AESATA, AAATA, B EAGBP DT
A, FRAPBFATE QAFATA, FARAFRAATE AL AT
AGAYAFATLE BENATA, FEHARTATE FREATA

DA A AR AAE Wole 2y W 9 Aut
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cyZaAe Ao 9 SHFEE AL

T =
e wa, 1% 8t
A Z 7}
Bo} g WA Z4 9 we D
1 = e 57

(192-1) deloluj¢f A=

N

=

(1) FAopkr oz FAH AZA9 B1ag s 5

AAF- 71 (FUZaE) ) Alg 571 ddszgdHel) ko] e o] (Relationship) Bl &
of 9%k Al BEAANLS Al AF-7]#e A F-Aok(adventitious shoot) ¥l 2] ol & 3f
Z21¥ mother flask(ZZH2-1)E A1F 57| oA Adiu]Fste] EAA(1H2-3) 37147 v
Zbell B4 5 A= A7IA A HTHLE2-4). o]o] {4 ol (adventitious shoot)

sto] 35
o el RZAGE bl WIEA(IY25, 6)F AAsH] st WA 24 A
o}

(192-2) (1482-3) (182-4)

_42_



<EE2-2> 71E stolEl A wj A%
4 A (1L D)
sto] X9~ 6-65-19 lg
slo] E vl = 20-20-20 lg
e 20g
g g 0.3g
Eans 30g
HpLp L 50g
313 3g

ol #ojsh=
¥2-3> ol
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<} 2-3> 7|Eux] 9 AEAAYEA

BN
m>~1
"

2 NAA #H7F 5%

T A (7] &3fo] 2 ) B (NAAHE 7T C (NAAHE7H

o] Y 2 6-65-19 1g/1 1g/1 1g/1

ato]l Ul A~ 20-20-20 1g/1 1g/1 1g/1

A 20g/1 20g/1 20g/1

g9t 0.3g/1 0.3g/1 0.3g/1

72 30g/1 30g/1 30g/1

HpLp L 50g/1 50g/1 50g/1

NAA - 0.5mg/1 1mg/1

Sk 8g/1 8g/1 8g/1

<HE2-4> AR H7M wE aix 2 2L e e
= SR = U o
HAEAEEOEAE e | ww | owan | oam |
6-6.5-19 | 20-20-20 e

2] A-1 1g 1g 1g 20g 50g 30g 16
Hj <] A-2 1.5¢g lg 1g 20g 50g 30g 2.2
%] A-3 2g 1g 1g 20g 50g 30g 2.4
vl 2] A-4 3g 1g 1g 20g 50g 30g 1.8
Hjx] A-5 bg 1g 1g 20g 50g 30g 1.7
x| B-1 lg 1lg 1g 20g 50g 30g 2.2
2] B-2 1g 1.5g 1g 20g 50g 30g 2.0
%] B-3 1g 2g 1lg 20g 50g 30g 1.8
v <] B-4 1g 3g 1g 20g 50g 30g 1.8
vl 2] B-5 1g 5g 1g 20g 50g 30g 14
=] C-1 1g 1g 1g 20g 50g 30g 2.9
wj =] C-2 1g 1g 1.5g 20g 50g 30g 3.1
=] C-3 1g 1g 2g 20g 50g 30g 2.7
iz C-4 1g 1g 3g 20g 50g 30g 2.2
%] C-5 1g 1g 5g 20g 50g 30g 2.5
%] D-1 1g 1g lg 5g 50g 30g 1.6
v %] D-2 1g lg 1g 10g 50g 30g 2.1
Hj %] D-3 1g 1g 1g 15¢g 50g 30g 2.2
v %] D-4 1g lg 1g 20g 50g 30g 1.9
x| D-5 lg 1g 1g 30g 50g 30g 1.8
=] E-1 lg 1g 1g 20g 10g 30g 1.9
Wl x| E-2 1g 1g lg 20g 20g 30g 2.1
%] E-3 lg 1g 1g 20g 30g 30g 2.6
=] E-4 1g 1g 1g 20g 40g 30g 25
%] E-5 1g lg 1g 20g 50g 30g 2.3
=] F-1 lg 1g 1g 20g 50g 10g 1.7
=] F-2 lg 1g 1g 20g 50g 20g 2.0
%] F-3 1g lg 1g 20g 50g 30g 2.2
wz] F-4 lg 1g 1g 20g 50g 40g 2.1
2] F-5 1g 1g 1g 20g 50g 50g 1.9
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193 A7 4BE s, A 5 R7lEel AR Y ETE kol Evs WAl Bl
ool spol Tz WA ) o] WIE Fol HHel WA PR Vs nAAT 3
HujAm F2 ol ol Euz WAR FRORIEIT>, ol Xz WA W FRE 4R
5%reh el wiel Evl Avke WEL Frhw WA SeAER 47 Ariskel AHal

ATF<3E2-4, 2-5>.

<H2-5> sholEulx WA U AEwsiare] wE HH

Ao Abg JEF (L) v 2 (1L9)
o] U~ 6-65-19 1g, 1.5g, 2g, 3g, bg A 15g, 2g
shol xxdl 2~ 20-20-20 1g, 15g, 2g, 3g, bg A 1g, 1.5g
FE lg, 15g, 2g, 3g, bg HA % 1g, 1.5¢g
g 5g, 10g, 15g, 20g, 30g A% 10g, 15g
HpLp Lt 10g, 20g, 30g, 40g, 50g A= 30g, 40g, 50g
7= 10g, 20g, 30g, 40g, 50g H A= 20g, 30g, 40g

B | F-5
HiX| P4
HiX| F-3
B X| F-2
B X| F-1
B %] E-5
B | E-4 _
B x| E-3
B X| E-2
Hi %] E-1
B %] D5
BiX| D4
B x| D-3
HiX| D-2
BiX| D1
BiX| C-5 _
B X| C-4
B X| c-3
HiX| c-2
B X| 1
BiR| B-5
B X| B-4
B 7| B-3
B X| B-2
BiR| B-1 _
Hi | A-S
B X| A-4

iR A3
b w
Al AL ' ' ' | Bz A

o 05 1 15 2 25 3 35

(182-8-1) XA 2719 & mg &=
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FUFBD A 7o} Al A2 AN B2
(adventitious shoot) ¥l ¢k HF2l o] T Al k-2 53 F7kol] kst
2]3)| 2415l mother flask = g}_-ﬁ- 3.7}77};:] uﬂol:

(ZL92-9) Fellojufkel o3 AE A AikaA

2) Edlo] kel o7t A=A A2k

delo] wickel o3& 9o Dolndel o3 WHoRr Al AFT|HoeRRYH  FAo}
(adventitious shoot) Wl W2leo] 9]3] F2 ¥ mother flask(1Wd =} 50449, 212 71949, 3
2k 6,049% & Aol 13] 52 2733 Al wjYste] HIAlA E31 7}*5'?‘} A7 A Hzkat
ATH2HE2-9). Ax4E A 9,000+, 2¥9x} 110,2205, 3yW=h 150170%% 5
309,390 & gd’@]' JTH<E2-6, 2-7>. ol REY F 182875 QIFste] A S uf RHd
Ay 16675 Aast Aoz 1dx Har 970/ z A Aste AG-AA7t 57}0}3/‘1 Hl| &
74, HHX]Zﬁ W E S AgtetAl 2dstdA 3dak 24870/ o w2 AAkEFo] F7kel A L,

o,

=
WEAEAY FAE FHA,

2
gl;
)
>
N
>,
o
rlo
[u—
rf
2
N

<E 2-6> Aol wyo R Hit Wiy

k=ky A e B
1 =} 5,044 49,000 9.7
2 =} 7,194 110,220 15,3
3zt 6,049 150,170 24.8

Al 18,287 309,390 16.6
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<& 2-7> Ll olul el gt

20134 20154
2013/ 5/17 % 349 10,000 2014/1/28 # 310 5,000 2015/ 2/23 #212 5,500
= 341 1,000 2014/ 4/ 8 # 308 9,000 #2412 17,000
2013/11/21 #310 11,000 2014/ 5114 #310 13,000 201/ 5/ 7 #310 10,000
AR AT 4 = 2045/ 5 3 i
2013/12/22  # 310 6,000 2014/6/13 #1309 7.000 eGial3l8 AU
i jgg "g-ggg 2014/ 6/21 #1310 16,000 %212 13,360
S 5060 2014/8/18 #310 10,000 2015/ 7/27 #212 5,860
2014/9/28 #3009 £,000 2015/10/12 #310 11,800
#2410 4,200
2014/11/25 #310 10,000 141 5.400
20141121y #215 220 2015/12/14 #310 16,050
#3310 5.300 #G.5 10,000
#3008 4,700
£ 942 18,000 2015M12/24 #G.5 13,000
= MM 110,220 2015/12/28 #222 8.000
404 150,170
o
U 3l SAEFTY dFAL BF
TUEAAEST 2 S dREFTES 7IEY PLBREUHS B3 uFsaste] st B
Faha, U Hel AFES PN FTUKHES L FAAD FREF] WP
2 B Al sAEFTY dd584d S4FFTS VIS PLBYA S E3 sidFe® 920,500
B AEke] kel By @RIYTE 2-8> (17 2-10)

ik 2554 RH5E 7} gl
1A 88,000 216,500 304,500
234 79,500 219,500 299,000
314 80,000 237,000 317,000
Al 247,500 673,000 920,500
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.. 03 -. ! " L‘!"' :
| 522 0llA ZHHY | A ZZA0AH 2lotEa)
(-1 2-10) LB ol o3t k2] 73
2013\ A0l WM 53

=ZY = & =02 | =748 | =5 =
SR 164 5,000 1~102 | #EE  |sa 3551 25,000
YIRS 403 1,000 ] | sM-3337 20,000
s=x2 1116 1,000 I | sm-s225 8,000
=xel a0z 3,000 770 | A= 21116 4,000
Bj--3551 30,000 11/28 ] SIEzxrel 1109 1,000
SM-3337 20,000 - HUEES 1112 1,500
SM-5275 15,000 SIERD| 1117 1,000
SERD 11:16 9,000 g HEE  |Z4-3551 3,000
HEEH-164 3,000 SM-3337 4,000
SIERS] 1708 1,000 7730 =) SIER2I 1116 4,200
&}2-3551 5,000 " S 164 800
&iz=-3551 50,000 10/20 Y 2101-11-16 5,000
SM-3337 40,000 " 2104164 6,000
SM-5225 35,000 10/20 HES  gdie 3,000




L Al 2] AHA s B
2014:‘ cmﬂ o:_l' Eu i —1
ST AHEY | 323 | 332 =24 g  BELASY 28 | 33% 24 g
209 11-17 3,500 SM-3551 10,000
g
21H 11-12 3,500 S=EF =0t =L SM-1926 10,000 52 HE82 &7t 4=
2001 11-17 7.500 102 SM-3337 6,000
204 11-12 5,000 SM-3551 10,000 28
58 .
2 1117 5,000 XM =7 | =L M ool |5 &
2101 164 5,500 112 SM-717 3,500
= o = L =Lk
20 1117 3,000 SM-717 10,000 ag g=7 =7} =u
7 E &
20d 11-12 2000 I S 2o SM-2928 8,000 62
SM-428-4 10,000 7
2001 11-12 4,000 02 £
SM-717 10,000 =]
2/ 11-17 7,500
72 Eo= =T B SM-1412 8,000 22 2l =1 AL
2o 11-12 3,500
; = : SM-2928 3,500 72
26 11-17 7000 | 108 | LM s | BE s =9 | =zu
SM-1926 4,000 =)
200 11-17 6,000 _ .
g Ho2 =7} L SM-3551 15,000
20 11-12 5,000 =]
SM-1412 5,000
201110 2,500 -
172 arEa !::"Fjl‘ A7 SM-3337 10,000 3=
2041117 7,500
— SM-717 12,000
SM-429-4 0,000 & : =g
- i = SM-1412 5,000 HEEIF =7t
SM-425-4 12,000 = = . . i
= — : BId 53 | FT 5M-3337 0,000 | SE
SM-717 5.00¢ 73 :
G 2 SM-2928 8,000 gs
SM-429:4 800 agl : -
— i = SM-3551 7,000
: 98
SM-1826 8,000 '
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2015.4 AMO|Q] AMAF 22 3

s = 7h Tz N K S7H8 Sl T
SM-355 3,000 3.17 A9 | 9 164 2,000
2015. 29 | AAdA | SM-28 5,000 7F | 9d11-12 1,000
SM-2928 5,000 Ad11-17 5,500
SM-3221 5,000 4.22 a5 | PO89Y6-73 5,000
2015. 5% SM-2928 10,000 E7F | P0896-73 4,000
&t SM-3221 5,000 £1320-5 2,000
2015 74 SM-527 5,000 A164 5,500
2015. 5€ | H&4 SM-285 10,000 529 | WA | P09077-2 5,000
SM-2928 | 15000 814 w7k | P08Y6-73 5,000
SM-3117 5000 | 12 HAwrg | P089Y6-73 5,000
SM-1344 10,000 F7F | P09077-2 1,500
SM-3221 15,000 44 164 4,500
SM-527 10,000 4.22 H#d | P08I6-73 5,000
02015'0 A5 | SM-787 20,000 | 122 7k | P09077-2 6,500
e SM-1322 10,000 | 722 4% | P0896-73 5,000
SM-2104 | 17000 | 1127 | €7 | P09077-2 6,500
SM-4129 5000 | 1013 A4 | P08I6-73 4,500
SM-285 | 10,000 w7k | P09077-2 3,000
SM-3529 | 10,000 164 3,500
2015. 59 SM-527 9,000 A 317,000
SM-527 6,000
2015. 74
4 3 SM-251-4 | 10,000
SM-527 6,400
2015.10¢
SM-251-4 3,600
2015. 894 | #&H | SM-3221 5,000
2015109 | &2 | SM-787 2,000
SM-2928 9,000
2015 79 D];; Dp]ht SM-3117 3,000
SM-1344 7,000
SM-3221 1,000
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3. A2 E A - A G A3 R w3 @A Zrad

fl

7F. Z2AWYE +£3 33 79
(1) =AY EFg <3 373 79
O A3E 8373 - B3 837 743

o1FFY 3FF (P45, LED, WALED)e] o3 Fdo] 3 & -
150umol'm * s'! PPFD, €% F&% %olA B354 Waoz %ﬁ}a}giu}. A 3 eko] A 9

a1z
3 Ar S Yotz LED 80umol'm % s ! PPFD¢} <=3}38le] 150umol-m ! PPFD¢}¢]
A& skt

Ao AbgE oFgUY BEREALS T 3-1-13 o] MALEDE A% 2AEY 2%
7} LED®} 3335 vla vretoem, 3352 LED Hla thsh -WJ% 7FA 3L QA et A
WA LEDE 450nm&-<t9] A 947 500~700nm F-£o] vg ggow RExE gt

~.
ol
4
oy
k1
frox
N}
S
o
3

AFFdel WE 27 & F% 34 WHI = a9 3-1-29F 7o) ﬁéﬁ%_‘%
/93.3%(LED), 27.9C/845%(WLED), 27.8C/87.8%(FL)olitt. Hi/= Xi%l.:_% 24.1/282°C
(LED), 24.9/304C(WLED), 24.2/301C(FL)°l1aL, Hi/HAA Fxe  83.3/998%(LED),
75.7/95.7% (WLED), 82.3/94.2%(FL)= ety LED7F WA LED, &35l H] 3 kAl =

Eo =S FAS,

White LED LED (BB = 6:4) FL
et e ™ . ]
—_— S TRy e L/ [

- =
s mmm e e _
e . S o . . .l
- m_.___---_--:_._ s o] _'_____L 1
I — T T —— - P |
il Ell
3 |
S |
.;? ?1 ||
E ! I| l i
3 it | I ]
e i =4 .\.______f' Yireceo = = ‘_l-_ r‘-,.ltaq_‘.‘
Wasrlzngrhi s Wnrlragtbiami S . :..m:.u.: SRS

(2" 3-D Aol AREE Qe g 2354
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L} 7| 2 2¢C)

7] 2 =(C)

712 =0

LED1

31 W_H“ - 100
~ o B o |
30 ™ %ﬂﬁ’k - “iw e *\q‘fﬂw
- 80
29
28 % =
@
27+
- 40 E
26 =
- 20
= —_— 7 2L () T} 7] S (%)
24 T T T T T T 0
8/2 8/4 a/6 8/8 8/10 8/12 a/14 8/16
FL
31 r 100
F v ~\
30 --If_-.-.-'”_'"" ig‘ h‘{x‘_‘; P | T— &Eu.g\_f}‘h
- 80
29 -
28 A - 60 ﬁ
4
27 L a0 E
26
- 20
25 -
24 T T T T T T o
a8/2 8/4 8/6 a/8 8/10 8/12 8/14 8/16
- 100
- 80
L0 &
i
4
L a0 &
L 20
24 . : . ; : . o

8/2 8/4 8/6 8/8 8/10 8712 8/14 8/16

(29 3-2) 3F $AolA 9 2 F ¥3)

1%%%01]/3 T3ehe 71 T SEMAFIERS, HefolE) Aol e wjA)olM Y &
. B“*—‘]‘LEDQ‘r ; %%Oﬂfﬂ i—%?}‘:}(}i 3-1, 1% 3- 3) A

hc)
>
r PN
rlo
%
OO
()
X
>.R
O
,ﬂ
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A AR 3-2).

<GE 31> JIFddAAA wstE EFHY AEE (53 48Y)
Light source survival rate(%)
FL (150 zmol - m™ - ™) 80
LED1 (150 zmol - m™ - ™) 80
LED2 (80 #mol - m? - s 80
White LED (150 #mol - m™ - s 60

*peatmoss + perlite + vermiculite

Shoot length {cm)
[I%]

FL  LEDI  LED2  WLED
(19 3-3) ABBAAA B 29 (el 439)

<¥E 372> JdFFdoAe EFdE AS (M 106Y)

Fresh Shoot Plant Root Leaf Leaf Leaf New
weight weight height  length  length width number shoot

(g-planth - cm -———- (No - plant™
FL 14.3a* 4.4a 21.7a 15.7a 4.4a 3.0a 45.3a 2.0a

LED1 12.9a 2.6b 18.0a 16.2a 4.6a 3.0a 35.0b 3.3a
LED2 13.2a 2.2b 20.3a 14.0a 4.6a 2.9a 26.0c 2.3a
White  13.0a 2.5h 1982 16.2a 452 29a  450a  23a

“Mean separation within columns by Duncan’s multiple range test at 2=0.05.
*PMLV : Peatmoss + Pearlite + Vermiculite (viviv = 6:3:1)
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SPADvalue
e
=

FL " LEDL  LED?  WLED

(29 3-4) AeddolA Ase EFuY d5a90d (A8 1069)

. LED 1 LED 2
(150 2 mol - m % (150 zemol + m2s” (80 mol -m?® s!)

(" 3-5). A&FdolA AHF<Q &7l

LED 399 3 wjx EFo] w2 EFdg AS5S 150 pmol'm %s' PPFD7F 80umol'm s}
PPFD RHu =2 A5S YePUTHEE 3-3). 28y 33l 2 d54 =32 2Fel7F gidch )
A Frel WA s YERE ©§, JER2A9 510l EetHX|(1: 1V/V)°ﬂ/‘1 A AAE, =24,

B 93 9F L A e, G EPARALS, RE RS A s Ao
AU oI 4E $39 BN ThIEE £F LiF0) 2o, Gl e ann
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<X 3-3> FHY ux] TR w2 S5 AS (HE] 1069Y)
Shoot Plant Root Leaf Leaf Leaf New

weight height length  length width  number  shoot SPAD
Substrate —
(g-plant?) - (cm )—————~- (No-plant ') value

150 PPFD
PM 4.4 22.2 18.2 5.2 3.4 47.3 3.3 32.6
PML 3.0 22.7 14.2 4.6 3.1 31.1 3.0 24.1
Coir 1.6 14.0 13.0 3.1 2.1 25.5 2.0 314
RW 0.2 6.5 75 2.0 1.6 8.0 1.0 217
PUR 2.0 17.3 17.0 39 2.6 26.3 2.0 289
Avg. 2.2 16.5 14.0 3.8 2.6 276 2.3 289

80 PPFD
PM 2.7 19.3 16.2 4.6 3.2 31.0 2.7 31.1
PML 19 17.7 14.8 4.6 2.5 26.7 2.3 30.1
Coir 0.6 10.0 14.0 3.0 1.9 11.3 1.3 25.9
RW 0.2 7.0 14.0 2.7 1.8 75 1.0 26.4
PUR 1.0 14.2 14.6 3.8 2.4 19.3 2.0 29.3
PL 0.4 12.2 155 29 1.8 12.0 1.0 30.2
Avg. 1.1 13.4 14.9 3.6 2.3 18.0 1.7 28.8
WA LEDS] wjx FFe] wE A%e EFA(IERAHetoE) Holo] wgulelA
A3 AT g, A%, 97 ol =UvH(EE3-4). J*E‘r olE¢} otd, e vdwd Iy 2
71w A= A el vs] Aol v eSS ®Hlow o= LED FddAx e Ay
2 nad ael ANA FRANE Aol AL, ol 2el ERel A MM
steb= AN 27] BFel o3 FFoR Aolg BHY F o, WALEDE A3 H A
o] 6:49] =3t¥ LED #Fdrt v Ass wol Fdo] wE A Aols EAUTHH
3-1-6~7). 1elvt PGl = AFe 2ot oS 18 W, S5 st A 7

dog iP5 wi LED, F#HS 80~100 0umol'm st PPFDE %7] 43} ¥ 150umol'm s
PPFDo A A3 EFulg] A-R ik Hehsr 3 2Aao=z AztE

&3} 271 +7 H v wjoked o] pHeF ECE 2+ pH 5.0, EC 0.8dS'm-18& ZA Qo 25
% pHSH E 9 FH9 FoeA FUhete AES Bew, 3353 WA LED #9
A= pH %—7}7} LED #9HTE =kth(3E3-5)
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<3 3-4> WA 1ED

BFolA EFule A5 (A2 106%)

Shoot

Plant

Root

Leaf

Leaf

Leaf

New

Subst  weight  height  length  length  width number shoot “LAD
rate
(g-plant’) (cm )————- (No-plant ') value
PM 1.5 b’ 140 b 125 bc 40 a 27 a 250 b 3.0 a 312 a
PML 3.7 a 187 a 173 a 45 a 33 a 453 a 30 a 312 a
Coir 14 b 183 a 141 ab 42 a 26 a 280 b 25 a 259 a
RW 06 c 90 bc 157 a 27 b 16 b 133 d 1.7 bc 271 a
PPR 1.0 bc 11.0 bc 14.0 ab 38 ab 25 a 210 ¢ 20 a 267 a
PL 07 c 129 b 105 c¢ 29 b 19 ab 300 b 20 a 269 a
“Mean separation within columns by Duncan’s multiple range test at /=0.05
* PM(Z|ER ) PML(Z3HIA]) peatmoss : pearlite=5:5 v/v),
Coir(Z°]9]) coir : dust = (7:3), RW(+H), PPR(Z 2] $-d e %), PL(Z ol E),
<3 35> lgddel mE FAAN wigeel pHek EC W3}
pH EC (ds'm™)
lday 2weeks lday 2weeks
FL 5.0 5.64 0.8 0.94
LED1 5.0 5.39 0.8 0.93
LED2 5.0 547 0.8 0.90
WLED 5.0 5.60 0.8 1.04
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White LED 150

PM PML Coir PMLV RW PPR

(7% 3-6) WA} LEDoA vjA] Ff/ol @& EFHg A5 (Mg 106¥)

PM PML Coir PMLV RW PPR PL

(9 3-7) LED(R:B=6:4) Fd3} wjx] FFol wt& EFv 4% (A7 1069)
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mealePdBE T ey Ee g
Emm,mf%%%ggzo_o%zﬂmﬂmﬂﬂuﬂ
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H,urﬂwrﬂ%ﬂmwoéo_e%mowmwﬁy
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SN I T N A o
FRLWWET L ST e
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New shoot
2.3a
2./7a
2.0a

(No-plant ™)

35.3b
35.7b

45.3a
0.05.

s,
Leaf
number

o

100
60
100

Survival rate (%)
width
3.7a
3.4a
3.0a

gloee A7t
Leaf

2~

length
5.4a
5.4a
4.4a

(%, A 48¥)
Leaf
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length
10.9¢
13.2b
17.9a

w2l A5 (] 1069)
Root

Plant
height
25.7a
27.2a
21.7b

Fresh
weight
14.7p”
16.6a
14.3b

DFT
NFT
Aeroponics
(g-plant™)

3-6> SAAEA 2Eo] oFF EZuw] A
Hydroponic system

3-7> 7 A A2gle] o

DFT
NFT

-
3t
3T

Al

“Mean separation within columns by Duncan’s multiple range test at 7

* DFT, NFT, Aeroponics

Aeroponics

<
<



10

Shoot wt. {g/plant)
=)

Rool length (¢m)

DFT

SPADvalue

NET

(27 3-9) FAA AT A ] EFHE] 4

Aeroponics

(¥ 3-8) FAAA LT o] EFuE] A3 AT (e el Zol(5), A2l 106Y

DFT

(o=
(=]
|

—
=]

—
5]

=]

=
L

0

NFT

<G 3-8> A A 2Fe A o] v kel pHoF EC W3}

DFT

NET

Aeroponics

2 . A3)ak

—-1-7T O

Aeroponics

pH EC (dsm)
lday 2weeks lday 2weeks
DFT 5.0 5.64 0.8 0.90
NFT 5.0 5.62 0.8 0.94
Aeroponics 5.0 5.64 0.8 0.94
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Aeroponics

DFT
(29 3-10) 7 A A 2Elo] Ao B2ulg] & QS

@ F7AAM Azt v R e
iR 257 2 B2y AEES JE
SER 2 Reto|E), R, Fo]o], Helo|E

R
E’—i, Z2) oG egd, TR (I ER A+ HefolE

HejolE wj A oA 748 woko (1™ 3—11~12) o
EX=

_Lu

_

ol wEe) 48 Al FRufeel we HHeEL Be 7] A vd HEEE UEE A
S UG 5 gdo] AW BT EolA A B AL o8 MAZE FEHAH] ke
#71 WA A B

Survaval rate (%)

80 -
60
40 -
20 A
0 -

PMLV

Substarate type

(29 3-11) A S50l e S5l coks (Ae 48Y)
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Az 19 F

I
A7 10Yg =

EPuA 12 vERAcdTo B+, EhA] 2% JERAAEOE, Coir MAE dust
+chip = 7:3 &% wjH ot}

FAA Alz=gd wfx] FRe e EFuE] S-S NFT Al=floA =
b EFAGIEL a0l E)ol A g3, HepolEe} el wjH o)A sk

3-13).

<

AES B, vE
A

< L
AES BATHE 3-9, ¥
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<E 379> FAAAI "I 2] FRel w2 S5 S (K] 106%)
Shoot Plant Root Leaf Leaf Leaf New

Slgg:tr weight height length length width  number shoot SPAD
(g'planth) === (em )————~ (No-plant 1) value
Aeroponics
PM 2.6 20.4 17.2 4.7 3.2 34.3 2.7 47.3
PML 3.2 22.5 15.3 4.5 2.8 32.7 2.0 29.4
Coir 1.8 14.5 155 2.9 1.9 26.0 2.0 33.7
RW 1.0 14.3 17.3 3.7 2.6 23.7 2.0 29.8
PUR 1.6 17.8 16.0 4.2 2.8 24.0 2.0 27.8
PL 1.4 16.0 14.0 3.5 2.3 26.0 2.0 26.0
Avg. 1.9 17.6 15.9 39 2.6 21.8 2.1 32.3
NET system
PM 59 24.1 12.4 5.0 3.6 61.0 4.0 33.7
PML 4.4 20.9 11.8 44 3.1 42.7 3.3 28.3
Coir 2.7 214 11.6 4.2 3.1 24.7 2.0 24.8
RW 1.2 11.0 10.6 3.0 2.0 26.0 3.0 42.7
PUR 3.3 219 9.8 4.8 3.1 41.0 3.0 44.6
Avg. 35 199 11.2 4.3 3.0 39.1 3.1 34.8
DFT system
PM 2.9 19.8 99 5.2 3.4 33.0 3.0 50.9
PML 3.0 21.1 10.3 4.0 2.8 46.5 3.0 32.3
RW 0.2 6.5 9.5 2.2 14 14.0 1.5 20.4
PUR 1.3 13.8 11.5 3.5 3.1 19.0 2.0 51.0
PL 04 8.0 8.2 2.3 1.3 22.0 2.0 19.2
Avg. 1.6 13.8 99 3.4 2.4 26.9 2.3 34.8

PM : peatmoss, PML : peatmoss + perlite (viv = 1:1), Coir : coconut coir (dust : chip =
1:1), RW : rock wool, PUR : polyurethane resin, PL : perlite
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PM PML Coir PMLV RW PUR PL

A=
B

PM PML Coir PMLV RW PUR

uh o4

PM PML Coir PMLV hRW PUR PL

(L9 3-13) FFoolA wstd EFulel o] 4 Axda wix] S5l o A
FE (A 1069)
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@ pH 9%

Gl =7 WA (] 49 EC 0.8dS'm HolA pH 8= (pH 3.0, 35, 4.0, 45, 5.0, 5.5, 6.0,
70 5)ol W& FF Vernon'd AEES A3 A3} pH 3.0~359 2HAolA 100% A&
HHA ) pH 4.0~7.0 Tl A& 67~83% AEste] oA B2 pHAAA =2 AEES UEY ‘7}
(19 3-14).

100 A

80 A

2 ()
&

=
=

40 -

e

20 A

3 35 4 45 5 55 =] 7
pH

(1% 3-14) pHoll w2 EFu 8] Veron' <& (A7 604, B 74 HW2))

@ DO(&E4tx) 9%
Sz AwA o7 DO &
=

ey ) 9@

p s

45(0, 500, 1,000, 2,000 cc/min)@ wWi=| F7F 2F (4™, E85
g AEES AR 23 2000cc/min®] AR Aol = Foul
5 o

F—lN

A=)
=
Z

=<
=3
A B AEEC] Fas)

<3 3-10> DO°l W& A 60d 5 =FHg A& (%)

DO (cc/min)

0 500 1,000 2,000
RW 100 100 100 50
PUR 75 50 75 75

RW : rock wool, PUR : polyurethane resin, PL : perlite

® 28 43
22w dwite] nxE TE2RE 9IS dolRux 3E2E 4F(NAA, IBA, 24-D, IAA)T}
A9k Wbt g BE o] 528 Al&-3lo] 0, 250, 500, 1000, 1,500, 2,000, 2,500, 3,000, 5,000 mg-L*

AHE % 2027 AR F F ok PUR WAl 2



AlE FELS Fxo #AGe] 100% F wiAelA BT AESIG on, TAA, IBA, NAA
go] =& W 24-DE AEEO] BATHIE 3-12~13, 17 3-15~16).
F71ui=] ¢l otd sk PUR viAl &= F5&3 fFaFEd#e Aoyt Zlom (& 3-11), ¢dol
&l PUR wiA oA IBAS} IAA T 28] AELL =& IS B
a8y sEEo AYHA #e T AELo] 100%E UERY EFulg] Ao A=
2E2s AgatA Fote Foget A=A

ol

rlo e

<} 3-11> wjA 9] =2 s}ehA

Available water

Porosity ) Bulk density v o
%) capacity (g-em™) pH EC (dS‘m™)
(%)
RW?* 97.0 54.2 0.17 6.9 0.15
PUR 935 45 0.03 7.0 0.28

 RW : rock Wool, PUR : polyurethane foam
Y pH, ECE WA 2412 F d%9 34

<3 O3-12> oW HiAel M 2R Fek sl ST e AEE(%, AE] 20d F)

Concentration(mg-L 1)

0 250 500 1,000 1,500 2,000 2500 3,000 5,000
NAA 100 83.3 66.7 33.3 16.7 16.7 16.7 0 0
IBA 100 100 100 75 100 100 50 0 0
2-4.D 100 50 25 0 0 0 0 0 0

IAA 100 100 100 75 100 75 100 100 75
Luton 100 100 100 100 100 100 100 100 100

<# 3-13> PUR HjAo|A z 2 T/} w5 EFHE AEE(% A7 509 £)

iy

Concentration(mg-L ")

0 250 500 1000 1500 2000 2500 3000 5000
NAA 100 66.7 66.7 0 0 0 16.7 0 0
IBA 100 100 100 100 100 50 100 66.7 83.3
2-4.D 100 66.7 50 0 0 0 0 0 0
IAA 100 100 100 100 100 83.3 100 100 100

Luton 100 100 100 100 100 100 100 100 100
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250 500 1,000 1,500 2,000 2,500 3,000 5,000
~

250 500 1000 1500 2000 2500 3000 5000
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(2). EFHE 587 714

Tshel §H7F o] FojA & wholA 24 =
A7 EC, pH 2 Skt Al&o mE 835 dolr gk %M%%% FRetol A E
2 zgaegoldA 3ty BE AFE(10x10x65cm)ll A ] vl & ot
(T-N 13.1, P 35, K 5.0 Ca 7.0, Mg 2.0 me-L Ho= 30 <t E}O]EL_E_E‘J,/\]Z:‘?M]H 94

AURE 10€ 1047bA 30 &<t A" = AuistArh Au) 7]3¢
2C, 32 110~ 280 umol-s™! m™2o|¥tt. F4 114 249 nlt}
%= EC 10 ds'm™!, pH 4022 =433t}

7h) 9 EC 5% 743

EC 45 (EC 08, 1.2, 16, 20, 24)9 w2 EFug 20¢ F AS5S EC 1.2dS'm! 22l
=%, 99, 7HA 9 Z77F Few, EC 24dS'mt Aol A5 vt dERET o

= 309 F A ZAANE e AdE BT dYde] FHEEHA ¥ AR A

BE2uas 27 Aol 24 87£22 5 12539019 oH 209 & xFo] lem P57

278 5743k Aol vld) EC 1.2dS'm™ A#olHe= 24 43cm, 95 21570 F7138k9

rﬁl m&_t

50 1

a0 -

15 35

,E ag -

= [ | =11

§ Wggm g T 15 - 0310y

- — oo 10g

<0 a3 Hip2ord

#1 Hip2o1y Bl 20 - N

10210y

210y 15 A 2302

10 -

(5]

[=]
[=]

control ECO8 EC12 EC16 EC20 EC24 control ECOB EC1.2 EC16 EC20 EC24

(29 3-17) ¥+ ECE gyt SHT

e

FlE dRstel Rt FAER 24 4 Wt
() F9 pH % 79

Zm) wjoko el T3 EC 1.0 dS-em 'ol pHE Zz+z 223k pH 3.0, pH 4.0, pH 5.0, pH 6.0
sEow zRse] 3007 AMEAS w pH 40014 LFMele 249 g4It FheA
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20 40 9

15 | 30 -

i | B 5
& o - 098 102 = 26 4 ooi10Y
7] HipSio1a g'.j LT ETRe=]
U102 102 D@09
5 10
0 a
pH3.0 pH4.0 pH5.0 pHE.D pH3.0 pH4.0 pHS.0 pHE.0
O & =) > 5
(2% 3-18) FF pHE Delete] Sud BFue] GraolpAFALE 230 d5e] Wl

() NH,SO, 7t we &FH2 A5

Gty Algel e ERud A% dFE dotnua FHAL EC 1.0(dS-em™), pH
4002 Z=AE wdde]  FAARE 0, ImM, 3mM, 5mM, 7TmM=E 7t7} H7bske] Aol
ok At E H7h= pHeE ECel WErh IATHGEE 3-1-14). FASEF ImMe] H7hsl =
% 77 AS 200l #EHeH, FAAEE FE7F wobde s el gavh
ettt ol @At EE TmMOlAE H9 ECTY 2.6c15-cm*1 z 39 ¥ =
24dS-emt AN E 2 5o FUF A Gokd Adel Zol 1L AR E IF
Lol o7k ECO d@For Rl

NH,SO, (mM) pH EC(dS'm™)
control 40 1.0
1 3.96 1.2
3 4.02 1.7
5 4.09 2.2
7 4.25 2.6

3 i
2 £ Soogi0w
ﬁ? & ooz
B1
Tip2i0Y

control 1mid Im Smiv 7m control 1mm 3mM 5mi 7mi

(79 3-19) NHSO.E H7hste] SHE 7ue Fishol 2282 23 95 wal
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(3) A<y 177 <3 &4 T

npnbs AFgRelA] FAAgel ue APAFoR FE WA HuA Fot 44 S
v mFve] BE gelmAs el A9 F i el Adss A
Snh vhele s oW B 5~100%, AMEFNA 1% o4 vholelz #dE 100%
(4, 2008) meolth e =AW D FRA % tFFA /7 B AR A%
s o] webshn wRAHIA HEE As EAZ oS A1 ALK, 1999, B
B AN E AN wE AU 009%) % £ B wrvirel vl £5 84 2
NG, FA)o] WE AES, A% 2L e A9ed8de A48 sud vk

o r

Zh &8 7572 «3 27 dds=d <3 2 A

Yo

O A5 2 AwA

ZIWel A At v w2 (MS + zeatin 1.0 + IBA 1.0 ppm, sucrose 3%)°lA 17]1€ s FH
A HigE v BHE 3viy A712 2 A9s Fdsdth A2 20149 649 129 719
2 oA st 2014 7Y 3¥ol FTE(F 22¢ DA ek BE A AN 7] (bed sizer 7h
2 46cm x A2 33cm x =] 24cm)oll 145 /bedoll €A ofuf =] soih AEl 71 FeF A S
Algdista ekl (. 3-15)S A7) Ad =% (Electrical Conductivity, EC) 0.5 dS'm!, pH
6.0 o= "oz Auistth £8F 7z vk i v 2142TC, F92> 35100~
150 pmol'm *-sh), QA& 13A)17Fo = F-A & A

5

(£ 3-15) A& A et 7)ol

Macro-element (me - L)

NOs-N NH4-N P K Ca Mg SO~S

13 1.12 3.35 75 2.0 3.5 3.5

Micro—element (mg - L)

Fe Cu B Mn /n Mo

3.00 0.02 0.50 0.50 0.05 0.01

a9 BE BEZE e AGHER)Y gle AFER)eRE FEstY £33 2] AUFE
ZAE 95+5% 9F 85+5%, 75+5%, 65t5% = AA W FA|FATE o] F 114A, 18U A
Z714A ZF GAA 10%% Al A 5 9515% Z L 85+5% =, 85+5% S 75+5%
2 7545% 2L 6545% 2 ARG I 65+5% 2L AR FA AT

o
A 71 F =8k 49, 8¢, 11¢¥, 18Y, 22U A 9] AA|F(fresh weight), &5 (number of
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leaves), %7 (plant height), <+ (root length)S FA}SlaL 22U Aol HF +3&S AT
® 49 23

O = H(seedlings with roots)®t FZH(seedlings without roots)9 <3 %7] A%
=4 {Ei}%(acclimatization)

FORE 3 27 F% 34 S 95+5%, 85+5%, 75+5% 1E] il 65+5% = A 5f

s} 28U Abell fFE S FE £3tES #EIAT(E3-16). AEY £3tEe

A 9545% ~ 75x5% AP oA 100%E HAi, FEF 65+5% = X3 Ao 3

41.7% = ATk FEE S 95+5% 9F 8545% A B A NE 100%°] TIES Bl

5+5% <} 65+5% _%7‘]0“7\1 7y 64.3%, 42.8% 5 H S th

"/f_ 27] AUSE7 WA 3o 75459 9F 65+5% ZANA 27| TAFEo] 286% o
50% = EUTE ol FoEHE FE 7% EVFssiy Sdate] dojyly]l Wil AR
Bepeh ol A e et 2 A% EEsb S o)k fensl PS5
B w5t ZARE R Faob bsste] A we uaEdA A 2 9uE w
A ke Aoz AZbsty, v} 65+5% 7oA = 3 7] A&l 50% &2, o] e
7 o= 71 el 99.9% ¢ Estgk A 5435 W2 AdlsEe 7eR o4 Hd B
AEE g e S Yedn

o= Kim 5(2002)°] #AF 2w 5ol 7]9] o4 3lo] HA Adls=s 100~85% =
a3 A% Kim¥t Park(2001)¢] HEHe w3tollA %27 Fdis=E Z3pdeled 7pgA =4
atal 2~3Y FAEfoF ghrhar gk A d A g

(% 3-16) <3} 5= =49 7|Hol - ZFujde 23vtE o f H(seedlings with roots)<}

T H(seedlings without roots)®] A2 22 A =3}-& (acclimatization rate: %).

Acclimatization rate (%)

RH(+5% )
seedlings with roots seedlings without roots
95 100 100
85 100 100
75 100 64.3
65 41.7 42.8

O RS FoRY £3 27 Fdes=d A5ARAZF, 4, =3)

T3 7] AUlFE 9545%, 85+5%, 75+5%, 65+5% 5 =3} 11¥A}F, 18YAF 183l 22U 2}l
95+5% = 85t5% =&, 8545% & TH5t5% E, 7515% + 656+5% = T TAM EFFHF L 65+5%
2 FA% 5, &3F 495, 8Lk, 1194k, 1894, 229t AT, 7, 24= 4%

B *M] X 95+5/ xmoﬂ/ﬂ 7F =kt (a9 3-21). 95+5% Aol BAF=ES 6~
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O~

14 g& B3 =3 18LdAke} 2293k Apolol X w43 F7hskdth. 85+5% F 75+5% = ] ]
A "3}1] < 5~10 g &2 2 Aol7} AAvh. Fok 2L T5:5% AP oA HlaA w2 gl
< BYou Al AT, 95+5% 9F 8545%, 75+5% oA JFt =S F Aole ATHH
3—22).

TR AT 75+5% A olA 7HE SEkv (L™ 3-23). 9545% 9F 8545% A EolA A
AF2 5~9 g o2 Z Aol7t gl F4F S7F flo] =3 vpA v 22dA474A FEs] S
At 7545% = 3~8 g = &3t 7] AAFol @AW #3223k ATl tE A
Tk A E‘rEZ] @ol, =3d Fe AT Bol sS4 & Udh ZEd 7] AL
&5 1Y u) 7545% A= w3 FHow AddetA Fe Aew AAIH. Jok 242>
9545% oF 85+5% A ElolA ZF Aol7b §IAaL T545%°lA Ml e ge BATH(LE
3—24)

r fl

wol A% wEel MY AAX FEE FEE ABHA ol FUEEsL e B
LG A g AUEE Wl 95:5% ~ 85+5%

A= 1ﬂ1 A+ JJr AEEo FFS How
2 HAFY RS

ol FX:

Bl

PURPA

18
16

mO5+5% mB5+5% m75+5%

Fresh weight (g)

4 8 1 18 22

Days after transplant

A e agveitEe] 7]9]& o] ¥ (days after transplant) =3}

(2 3-21) 71l A =7 2
W F H(seedlings w/ roots)?] A A= (fresh weight:g).

Z7] %
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16 |955% 85+5%
14 s Plant height (cm)
i M. 0f leaves(ea)
12
10
8
6
4
2
0
4 8 11 18 22 4 8§ m 18 2 4 & 1 18 22
Days after transplant Days aftertransplant Days after transplant

(LY 3-22) 71l A

A GE At 7]9& o] % (days after transplant) <=3}

Z7] 298 2 29 994 No. of leaves: ea)9t =% (plant height: cm).

Fresh weight (g)

=

(19 3-23) 71UolA =
27l &

mO95£5% mB85x5% mM7515%

Days after transplant

Aujeke amFuig el 792 o4 3 (days after transplant) =3}
T+ H(seedlings w/o roots)®] A A% (fresh weight: g).

95+5% 85+5% 75+5%
" | Plant height(cm)
12 | —g—No. of leaves(ea)
10
8
6
4
2
o
4 8 n 18 22 4 8 1 18 23 4 8 i 18 22
Days after transplant Days after transplant Days after transplant
(9 3-24) 7]l M =g o

Z7] 59 5 2o 4 No. of leaves: ea)9}

TFulEe] 7]LJ& o] & (days after transplant) =3}
% (plant height: cm).
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(W) <3 27 Bdls=d FASHE 7|z Aold 43 TZ& A

Kl

O A5 2 A4

ZIWel A At Wik viA]( MS + zeatin 1.0 + IBA 1.0 ppm, sucrose 3%)°lA] 171 #jtH
EAwkE nvl BE vk AVR e e sl 20149 849 214 V9= 9
2lsto] 89 31¥e] TE(F 10¥3H)stA . vt BE T4 A 7] (bed size: 7FZ 46cm x Al
2 33cm x ¥°] 2dcm)oll 125 /bed Aol wiA] skivh. Aui7IbE HEAIHOst L At
Hj (o] d Ao A AH&H wgA 5U)S 7] HdEE(Electrical Conductivity, EC) 0.5
dSm”, pH 60 o2 gayAdoen Austgct. AU 25E 25C2 fX8An I35
(100~120 pmol'm *s H& Fho = 2884

GE 20L 95:5%, 85+5%, T5+5% = AAe: 7 F=
gE2A Agstdn. e 71 F 7w dASA s 4 s =
A FAHJD A= 8545%
FE , #8} 27) 8545% 27104
AFAD A= B55%E A A dvH i%‘«l ”ﬂiﬁ (65i5%) = =3 s, =3
7550 EANA FARLD A TE Toboel A Ak Aol ol mE:5%) 2
Zj

do it > o
il
R
i)
o
=]
N
_0|L
0

o H
w
|
T
-
"y
T
BN
N
do)
(&)
+
(@]
v X
BN
N
~

My e
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<HE 317> 71l A A GE auige] 7R o] 4
Bt wil & A

transplant) 5 =% 71(95+5%, 85+5%, 75+5%) A A ¥

3} 79 S<oHDAT: days after
o w2 A7 (treatment) W&

days stayed in each humidity condition until day 7" after transplant

Treatment
95+5% 85+5% 75+5% 65+5% total DAT

T1114 1 1 1 4 7
T1222 1 2 2 2 7
T1231 1 2 3 1 7
T2221 2 2 2 1 7
T2320 2 3 2 0 7
T3310 3 3 1 0 7
TO0115 0 1 1 5 7
T0124 0 1 2 4 7
T0223 0 2 2 3 7
T0331 0 3 3 1 7
T0025 0 0 2 5 7
T0034 0 0 3 4 7
T0061 0 0 6 1 7
Q@ Ad A3}

S5 27 95+5%, 85+5%, 75+5% 18] 65+5%°A] A EHE 717kl xolE Fo] &3 2
AR HE 7R 7MA &S BESATHE 3-18). 3 7] 5% 9545% ¢} 85+5%) A
&8 AA Hi 80~100%< HAU ] YR 75£5%0 A FLE&LE 0% o]ste] FAE B
Atk AAH oz Hito] 2 dojt Al7]= o]4 & 3~5dAA. o= HA £33 V|te =
5do] A8 ¥tE AS YERATL

T3t 27] AUHFE 9HBE5%ol A FAHAE HEFE FoA T TI12319 T12227F H&
100%°] 23ta 1 5 TI1231% 3F 5U Ao wo] d8Ho] 714 wE £x2 HrH(L
g 3-25). =& FL(9HB5%)0A FAE HYE o= - F~o]E Alole] & H3zlE QAT
95+5%0°l A 7Fd Q& FAEAUE T33102] L& 91.7% 2 =2 #S HIAT o] T 3
A o] FHE o] AlFEHo] thAh dE HRUF =& Zlo=w HIt £33 27| AUF:
85+5% A SAHYH HETE FolAE TO01159 T03319 2itgo] 100% i, Wt &%
= TO1157F ©] whskr)h, 2~397F 4599 T02237 T0331¢ Wt &5 Ao e e
BAT 3 27] AdFEE Hi5%0 A FAEHUAY AGFES FEHoR Wit S =7
o ool= 74HY ¥ 3 3t 7S 2 Ee Aoz A

AN H5Ee v)=38k 8¢ 6545% S A 93 95+5% ~ 75+£5%0l A A E 7|7t wE
& Aol = MR gt 3Y3 FR ¥ AHE FE(T1114, T0124, T0034)el A T0124 2] &
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o] 883%= 7Hd =2 #t= EHAAR vE AgTolME 4

= =
ok 647 FAEAT A F=(T1231, T2221, T0331, T0061)elA TO061S A|&gh H=
TE WIES 80% ~ 100%E EAh. 95+5%, 85+5% LE]aL 75+5%° A 2t 1Y, 1Y,
]

7ol

g2
HE;E

80.0%, 80.9% =

]
]

d =7 24, 29, 2 =Y &L 80.0%9 81.8%= 7 A7 1 Aol gllTh 85+5%
1

R
N
—
{14
—

944% = A Ag 3+ Aol= gl 2y =3 7] 4

A Ay 29, 29 %4, 39, 39 FA9 WIES 100%, 100%,

e 8545%0AM FA AL A

e Tso] 9%Bb%A FAEHJAL A5l Blel =A UEEv wEkbA £3 27

A EE 95+5%7) ohd 85:5% = AQST H 59 1 e nyvk ZAufsuel

AELI Afe] FHE Ao maA

<E 3-18> A E2AuMGE nFviEe 92 o4 F sl 7Y 1 FE95+5%,

85%5% ,75+5%) +A]713kxFe] o]t +4 W& (rooting rate: %).

Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

T1114 10.0 30.0 40.0 60.0 80.0 80.0
T1222 18.2 18.2 63.6 81.8 81.8 100.0
T1231 0.0 12.5 375 100.0 100.0 100.0
T2221 9.1 18.2 45.5 81.8 81.8 81.8
T2320 0.0 9.1 45.5 63.6 2.7 2.7
T3310 0.0 0.0 8.3 50.0 75.0 91.7
TO115 20.0 40.0 40.0 100.0 100.0 100.0
T0124 45 44.2 53.2 72.1 88.3 88.3
T0223 0.0 10.1 49.5 74.2 83.3 94.4
T0331 10.0 10.0 40.0 70.0 90.0 100.0
T0025 0.0 14.3 18.8 23.4 35.1 42.2
T0034 0.0 19.5 34.1 48.6 67.3 80.9
T0061 0.0 5.6 16.1 26.7 42.8 58.3
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(29 3-25) 7IWellA z=2ud ayviie] 7oz o4 F &35} 7] 4
%]

100 100 B
8o 8o
60 Go
40 40
20 20 —=T2221
——Tz320
o o
= 100 100
g € | D
v 8o
—
o
- 55 6o
=T1]
=]
= o 40
=) 4
(=]
(= 20 20 T 01
—g=T3310
15
108 10?:1 B !
8o
6o
40
20
o

Rooting rate (%)

z

Days after transplant

N

Fko u
& (A 95:5%0 A FAEE 717kl 1Y, B 95:5%0A fFA HE 7]7to
C: 95+5%0l A4 FA == 717to]l 39, Di85+5%0lA FAHE 7]7to]
85:5% A A 5= 7]17to]l 2~3 ¥, Fi75:5%1 4 A EE Ag G
65+5% = |93 HFE F7, 95+5%, 85+5%, 75+5% oA FA = =3}
H: 5% 65556% S #1923t = 27, 95+5%, 85+5%, 75+5%
FAHE  #3dol  6d4d AT, [ AdsEedAd  #AHE
95+5%:85+5%:75+5%°] 1:1:1 Q1 Al e} 2:2:2 Q1 Ao &H2& ' 7 s
A FAEE HE 85£5%:7555%°¢] 1:1 91 Aot 2:2 o A, 3:3¢1 )

ldl

LS

A

0%
2 e —
Do

e,
(o]
= 2 oy

o > 1 K T

=
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(th) 39 A v
O As H HHY

2 Ao A = White-LED(W-LED), Mixed-LED(M-LED, R:B=3:7), Red-LED(RED),
Blue-ED BLUE), Future Green-LED(FG-LED)E A}&3lof(2¥ 3-26) 7IWelAl At i
v 2] (MS + zeatin 1.0 + IBA 1.0 ppm, sucrose 3%)Z 171¥ St ZZwjdd 17np 5o A
Az d, 2FS AT A2 20149 69 20€ 0] A wgE LR E 7|92 o
Aete] 2014 7€ 3ol FE(T 14LibEdth gt BE FA A 7] (bed sizer 7HE
46cm x AMZ 33cm x ¥o] 24cm)ell 145 /bed Aol =] stATh Auj 7] kst AA Ho)
Skl 7okl S A 7] A w5 (Electrical Conductivity, EC) 0.5 dS'm ™, pH 6.0 & w47
o7 AwjstA (e 3-27).

HFupEd 2 o] - Abo] = (A 595 7F R 385x 3% ©]150mm), - Abe] 2(555%350x128mm) ]
A2NE A sl FARIRE ALEstR o AEE 555><350><20mm94 2E| &2 3Eo] 7}FE6.5x

AZ65em Ao A% 3emz FHE Hol LR nE 24T 5 A ST 4R
stibs AAE AR 7IE7E T AR byl ”é% sol mgdo] +=8% 5 A
StAT Bl F7]= O 06A ~224], F 224 ~06A7HA] FAIATA TR o 24417 #7]
golmz Aolalel THANL. e BU] AL eyl flal Lok Ay FAREow
2zl Balg Ae oAk

! BR-LED " W-LED " FG-LED

o
o

I
»
o
23

o
=

Relative spectral irradiance
o
>

Relative spectral irradiance
o
>

Relative spectral irradiance
s o
FOS

o
o

é

i Nz 0- M o.; ——'\/L‘L

.0
0 100 200 300 400 500 600 700 soo 900 1000 0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Wavelength(nm) Wavelength(nm) Wavelength(nm)

(19 3-26) M-LED(BR-LED)®} W-LED, FG-LED 9] 7tf ~¥EF]

substrates—
(19 3-27)
@ 438 47
AAF A+ Shin(2012)0] B sk A3 Zo] HAgz HJAFo] &3E M-LEDOIA 7F
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= JEbg e (2 3-1-28). M-LEDIA BAT3 A+ 728 g 3 541 7 2 YEE T
Blue-LED$} Red-LED + AAT¥ A+7F 247 486 g ¢F 438 7, 362 g ¢ 38 7§ & H]
WA e s B 2 Fkel AAlSed e W-LED7F 611 ¢ &2 FG-LED 5.37 gH Ut}
=A YeEbsta, 5o E FG-LEDZF 478 7 & W-LED 4.42 7§ 2t} =] Yelgt) o]+
2l Zo] Pt T2 o] g5t Hol AAF(650nm~680nm) ¢ g A3 (430nm~450nm) ©] 7]
o] Aoz AZET, 2= FG-LED7F 1.79 ecm 2 74 3 YElsta I tgge=
RED7} 1.68 cm = =LAl YetEth o= A Mgo] A& Aolilids HXA717] & 3o
2 HAn AATH oA M =& @S JdEhld M-LEDOlA %2 155 cm & %
S B 2 ggoe® W-LED7F 144 cm, BLUEZ} 1.08 ecm & 29t} 3 37 39
o2 AR weol= 2ol #a Fvt B AAFe] Sk M-LED7F 7HE 433 Zlo=

F

Bt}

10 3
ES- ’a —25
= Lo E
=] 0 ooa
?.Ds- U 5 7 :
z G4 L5
= a 7]
= * CER <
e =
v i = =
[E I} pd .D%Uo,s

1
o T o o

W-LED FGAED RED BLUE M-LED s wee e St W-ED FGLED RED BLUE M-LED
Day18 after Day18 after Day18 after
transplant transplant transplant

(19 3-28) A2 % 189 A #FUE A A F(fresh weight: g), F+No. of leaves: ea,

% Z(plant height: cm)

(4) 28 IE 22 ¢3 &4 79
(7}) Z A+ Microponic A28 3o A3 WY EC = 7+4

A /ﬂl 74] Q3% AFAd F gl ZHAH(Solanumtuberosum L)% H 2]

2 Qg Ak vt diFEe] YT AAS 3
JJr -’F XHHHOH ojgt A 7kat AAAAZE dHEEA AHE EHF)“@*}Q ¥t dof, A bk
T dAumgoz A FAst=d AAMAE AMEStH A3 EAS

F Ei 3 3
%7]‘/} ‘i—l% dE 7 A ARE dF F49 4 Uvh(Akita and Takayama, 1994). 2= 2] vl &kl
A e 249 Fol HIARS FESAR M= HJS &oldAl st S A
Atk wEbA ZAujgT)=o A Fdo]l UEFas] A AR o] 01’57}04 A=Ee] Vs Ve
o] Aa3dtA Hr}. Aitken et al.(1995)& wjckr|o] FEE A}L35t9] & §Fo w2 7x133
A EEE FaAgeA 10w Eokdn Rus & #A £7)9 %101 g7 S71EE &
ol-gsto] ojatsteAE FHT oA &Y7F bk, A WA= Tl gde] S5H o
ot AHEGE SHAQ AEe] Fd v8S AT AIolth(Kozai et al, 1995). ©]
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o

Microponic system-< micropropagation® hydroponicsS Z %3l 2] SR A A2 A Z 2 6] &
A Al 7T el 2] o %, Tl A Aoke A EAR Aepor st WA, dEFSA
He 5% T8 98 ANEEJ T (Hahn and Lee, 1996). Hahn et al.(1998)2 &-%+3t 7]
AAS desa 7l AAg el Haekr] 98 =k =AM E A A12] microponic
systems T ozA A & = gAE A xeo] AR multiplication 2} 4 71 A
sk Hol APAA e grEy o AR E45 0 wE AGS Role AAEAE ALte)
A "o gkt $kH Akita and Takayama (1994)+= #A =7] Aoy 4 FAlo] oA F
HjgFoll A 2 FAHA Fevtar Basded A QAR Z717F A AL
Hol wix] W Fr]Agdie] A= e AHA dFgS F7] wiLoldtal skglvh EI A
F2 7FAA AEA B 713 AEstel el B ooty AGAS midak 713 A st
IS HA = AR 4XﬂD}(Hwang and Lee, 2007). wtetr =23l 2 &Ao] wel wjok
H A gE-oF A 8 205 ATt Aol Hasth
2 A Ade= 71 ‘3H°<§t AEsE 93¢ 712255 A& microponic systemS $]3 A
oM AAY FIAE s AR A EAl mAE AESEAS 2ASHY

=
microponic systemell A3 vl FEE FHA TR

_

ol' m&Z rln

O A= R BH

Aol =GR AEE S AFEH 9e 2l £FF Aol 1~15 em Z 50mL
felgel 1A Agstgich AeAgRsE FANFS §71 9 2mly ¥a 109 F ImLE

HA7bskder. @2 White LED(40 pmol-2-s-1) 2 3}o] 16A13F A st FdS&=s 23+
1T 2 FAs9t ANAEE(EC)E 02, 06, 1.0, 1.4, 1.8, 140 dS'm' o2 Hg sl 3

A7, AAAQ e B B, AEE, Z7] Do), vhd &, 45 S AAFS 245

@ 43 437

EC A8 02, 1.0, 140 dS'm™’ ¢ A2 5 74 & AEEL 72+ 90%, 100% 2123l 0%Z 1
Arh(1g 3-29). EC 1.0 dS'm! o]2] & 29 Aol WP 4U Aol A FH Gl
100% #Z= 0t EC 0.2 dS'm! T 39 Aol ek a 8Y Aol 100% itk F
Al ARG gl BAFE Aoy A&l EC 1.0 dS'm™' ¢l Al vls] = h(1y 3-30). EC
140 dS'm™ Aol o4 F 3AANE "I A f\lz}é}d 59 Aol 0 % BEES

Bt AAZF 7] Zo] @ 5= EC 1.0 dS'm™t AgelA 7 05 g, 47 cm, 65 ea &
7V =Sk

EC 06 dS'm, 1.0 dS'm™! #2l¢] #EE2L 100%, EC 1.4 dS'm!, 1.8 dS'm™ A= 0%=

BATHIE 3-20). EC 06 3 1.0 2 zte) 2, Z7)24o], A<, AT SolA 2 2ol B
oA ettt whebA ZAwitE FHAFE 9] Microponic 3} 1 S g iR A v
= EC 06 ~ 1.0 dS'm™* o]g} Bz}

s
o
>
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w 70w
2 d g g
ol
o
i ] ] ] [ ] =] L] ]
— = i

=
() DU 21 DN STX ]

ko3
T

(SP-1

(1% 3-29) ©]

: 140 dS'm™)

SP-6

: 1.0 dS'm’,

0.2 dS'm™, SP-3
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<E 3-19> A" ¥ 18 A AAES EC v A5 3 I vl

BC e NO.Leaf o et the st day of
(dS-m™) (cm) (ea) (g/plant) (days)

0.2 2.80 b 43 b 0122 b 5.7 b

1.0 474 a* 6.5 a 0.496 a 36 ¢

14.0 0 0 0 0

“Mean separation within columns by Duncan’s multiple range test at 2=0.05

<GE 3-20>. A 5 219 A AR EC v A5 R % vla

Stem Plant fresh :
= Sem Noer R e fi day o
(dS'm™) (cm) (ea) (g/plant) (days)
0.6 3.58 a* 52 a 0.182 a 81 a
1.0 3.78 a 58 a 0.248 a 44 Db
1.4 0 0 0 0
1.8 0 0 0 0

"Mean separation within columns by Duncan’s multiple range test at 2=0.05

. 38 2249 A A E 9 Microponic system 712 2 A=

(1) 24 Ed3 =318 249 33 AF QAdER)

FRAT R @RUZSAN] 2AuFR +3 843 SRE L0 84 AS A=
ZRet g AN dolEZAWPIONS o] §3te] 108 HAom 2ES F= % Ay
=733hsint.

7)) 2§ 24 873 4=
2013 59 F dAES H 1000W/m’ 1om, 8 Fe 400W/m’ ok F/ot B L
204/251°C gom, F/okt Wit FE= 490/79.7%E 7| Zs-g 19 3-31).
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(2) Microponic A28 AX €9 2xd%
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Step 1 I m
Zone A Zone B Zone C ouUT

RH 95~90% RH 89~80% RH 79~60%

Light 50~80PPF Light 80~120PPF Light 120~150PPF
Temp. 25£2°C Temp. 18~24C Temp. 18~24TC
EC 0.6~1.0dS'm™! EC 0.8~1.2dS'm™! EC 0.8~1.2dS'm™!
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<HE 3-20> =AuE AR £3) 7|k mE A5 34 (16.3.23)

Plant Number of Leaf Leaf Chlorophyl  Survival
lenght Leaf height width 1 contents rate
(SPAD
(cm) (cm) (cm) (%)
value)
Step 1% 25bY 139a 28¢ 14b 25.1c¢
Step I 36a 120b 35b 2.1a 266 Db 94.8
Steplll 3.9a 120b 3.8a 2.2a 316a 100

“Step I ; acclimatization in zoneA(20days) , Step II ; acclimatization in zoneB(20days),
Steplll ; acclimatization in zoneC(20days)
YMean separation within columns by Duncan’s multiple range test at P = 0.05.

3E <B-21>. =AW AFRR S &3t 73] wE AS3EAF (15.5.26)

stem Number of ) .
Plant lenght . Leaf height Leaf width
diameter Leaf
(cm) (mm) (cm) (cm)
Step M* 46 cY 1.73 ¢ 7c 44 c 25¢
Step IV 7.8Db 2.06b 9b 55b 3.3Db
StepV 162 a 291 a 14 a 6.2a 42 a

“Steplll ; 40 days after Step I , Step IV ; 40 days after Step II ,
StepV ; 40 days after Step I
Mean separation within columns by Duncan’s multiple range test at P = 0.05.

200

A123

16.0

120

~42

Plant length (cm)

Step I Stepmm Step T Step IV StepIl  StepV
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80

24

Leaf height (cm)

Step 1 Stepll Step I Step Iv Stepll  StepV

6.0

~ 20

Leaf width (cm)

Step I Stepld Step O Step IV Stepll  StepV

|

(2% 3-45) <3 @AY 209 F ARE 24 94 A% W

<3E 3-22> A uiSF ARt e edt 7] 7te] whE AT

Shoot fresh weight
Plant fresh Fresh weight (g-plant™) ¢

weight Shoot fresh Root fresh T/R rate (fg.plant ! .

(T+R) weight (T) weight (R) Stem weight Leaf weight
Step M* 1.299¢” 0.981c 0.314b 3.14 0.238¢c 0.714c
Step IV 2.083b 1.738b 0.313b 5.63 0.347b 1.373b
StepV  4.858a 3.707a 1.301a 2.96 0.983a 2.552a

“Steplll ; 40 days after Step I , Step IV ; 40 days after Step II ,
StepV ; 40 days after Step I
YMean separation within columns by Duncan’s multiple range test at P = 0.05.




<HE 323>, 2AWMG AR £8 /7] dE FIY 54,

Photosynthesis rate Stomatal conductance Transpiration rate
umol - C021 -m’ .S mol - H20 - m~? - s mmol ! -SIiZO -m~’
Step I 9.06 b 0.67 a 7.67 a
Step 11 7.77 bc 0.19c 2.88 C
Steplll 12.00 a 0.35b 5.70b
Step IV 6.06 cd 0.12c¢ 1.97 cd
Step V 4.14d 0.10c 1.64d
“Step1 ; acclimatization in zoneA(20days) , Step II ; acclimatization in zoneB(20days),

StepIll ; acclimatization in zoneC(20days), Step IV ; 40 days after Step II ,
StepV ; 40 days after Steplll
YMean separation within columns by Duncan’s multiple range test at P = 0.05.

o 31 SA4A T2 A

(1) 24 Aaold FHBe T2

e doRAE ol mele FE AU, SA4 30, 4BEA, WANE, v
Fge ARE AT, 2 FEAY A AL, ARAS B3] FAY, I, BYE
o 4ug AFeEd

Process Control Program

LR miwy

W (2), dolE qdz A (5)
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4. AZGEIA : ol s FHEFE G4 A A

oW AEA BY R wtold s P

O A%l FAT Jl9) AFAE 0% olwge] 327 AXse] AFF Fol NaOCl
1.09% § ool 15%3F A she] Aitsleh

O WXt MS R LS WAE Agsgon JBAY FRol met 4FEEAE us
o H7bsreleh,

O AFAE A HBAS ol gt AAGGO, WFHMFAA P JEA G
2 A3l RT-PCRZ wold 2 44< sivh

O welelx A4 F, FEFW Auste] 459

3. R, 27 B4R 24N
O AglelA %ol FAT ABA AxE Al 70% ol Lol 387 P se] A

R4

& ol NaOCl 1.0% &oll 1583 A#|5ke] ahatahsich

O WXE MS 2 LS wAE Abgatgon AEAe R vt AgxdAS 713kst
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O F3h= HoddA SAE FF5 AH&stsion, Aot AT oA /dd 55
AHE-3F Tk

o 143 3EF 2 2T, 73 kel s FH S &Y

(1. st vlolg2s 797 gy 2 7y g
(7h =3 ‘=gHs 5 20F T dHE D
- =3EE MS + 4% 2 o/L7F H7bE el Zojujeate] 7R E &
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A weFoll A AESE A EA blo]e]~ 9 vlo]Rol= AH
- HpolH A FHFE st MS + 24 2 g/l viHolA 54, B
(Wb ks, dEFAlel, w2 71l €y
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7 mlolei2~of] tiste] RT-PCR Wi O 2 nfolei A
£ Adete] S, B
(th &7] ‘o< FHT g5
S + sucrose 30g/L + BA 0.2 mg/L + IAA 0.2 mg/L
+ sucrose 30g/L + &4 & 2.0g/L

L S
C 7] s g % 10,0005 A B

2)
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g 0
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- T8 N npe]E 2ol thste] RT-PCR *WH o= niol# = A
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34 =} Oran,g?: Crozn Pink 169+ Lo shg) 2
Pearl & 13F

A 581k
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| JIHATIR 018 | | MY

M 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

LvX — =
. I sA
cMy
LoVl
Lsv

MUItIDEEX RT-PCROHl 2/t HIOI24A HE (774 HiOI& ]

((194-2) the] Hholel s FHF AN 7

6~8% S
MS + BA 0.2~0.5mg/L + [AA 0.5ma/L

p- -

6-8% ZWY
MS + BA 0.5~1.0mg/L + 1AA 0.5mall
.

( 10-125 Lol i
JMS salt, actvated chacoal 5~10%
& sucrose 25% J,

810 2L
JMS salt. + sucrose 25%

(194-3) vhe] ART WF L AAuA B mHE
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<3 4-6> 7|E} vfolgl A~ FHF AA

z z whole 2 E 7 v W A
|- aEA AggelA vl

WA S SEE |, L - | mgEa
ACLSV, ApMV, ASPV, A4= =7}

b, ), FAE 0 b 37,000 | 0 0
ASGV, ASSVd 5 5% AN EE, AR

- AETHEID, SARITHT)
7o} 5%
o TES P ggaces
ol = 1]o} 20,000 | EEY
7] 20,000 | FARAPA AN FA
Al 137,000

i = % efof w A Hl AL
1 Mont Blanc MB LS. TDZ2+IAA1 1,000
2 Silky White SW LS. BA 10+IAA1 1,000
3 White Cute WC LS. BA 3+IAAl 100
4 White Morning WM LS. BA 10+IAA1 4,000
5 Pinkymum PM LS. BA 10+IAA1 4,000
6 Snow Bird SB LS. BA 10+IAA1 Q=%
7 White Egg WE LS. BA 5+IAAl 5,000
8 White Heart WH LS. BA 5+IAA1 5,000
A 20,000

4-1) S1=3A - g RoB] Dot ok AL A 2

A LI AR

(D) Aed st #dsrel A gsl oy
O ofg#tedvh, Y, & WEFSH * Be
- ofZ et : MS + TDZ 05 mg/L + NAA 0.2 mg/L
- A3Y$ 0 MS + 2ip 3.0 mg/L + NAA 05 mg/L

(2) FuUF By
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O Q=i WAy gk A

- Q= F U MS + BA 1.0 mg/L + IAA 0.1 mg/L

- HZ4uE YR MS + BA 2.0 mg/L + NAA 05 mg/L
A

(3) = olld Azt Ad7e] w7 B gLt
- &2 IA o}, ofF gt et T U 5 30,000 T4 2 B
(4) A Fo] a4 = A= MY

— aE “orEn]”) “QE3E” 40,0008 AJAE

U, A+23%
(1) 192k : AF+Z27
O HEAd A7 wix 7+ L iz @ 70,0005 EE(E 1)

- o= yv} : MS + TDZ 05 mg/L + NAA 0.2 mg/L
A

NaYe 0 MS + 2ip 3.0 mg/L + NAA 05 mg/L
O AFUF ki A
- QA= FYF  MS + BA 1.0 mg/L + TAA 0.1 mg/L(Z2¥ 2)
YZ2uHFyUF 0 MS + BA 2.0 mg/L + NAA 05 mg/L(Z2¥ 1)
O Zuka1tuf

izl MS + NAA 0.1 mg/L

@ 243 ArA
O Tl AEahs BgFe) WATE D oA

- &2 7Aoo 50005, oF=&t vl 50005, AU SA 2 Hg 2
O EAW o] ATHE FEo] W

- ek “thEE” 20,0005, “AE3E” 20,0008 AAHE 2)
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@ L7 HjA

O vl Zujulek L Z2)u)x

- MS + NAA 0.1 mg/L + sucrose 30g/L + Agar 8g/L, pH 5.8

O ank &3t

- Vermiculrite 1 : Perlite 1 : W27 (J & HE) 1
@ U=EIIA o} i FFA

O HEIpAo} FAujA|

- MS + BA 30 mg/L + IAA 05 mg/L + sucrose 30g/L + agar 8g/L, pH 5.8
O dmIpAlof tu)A]

- MS + AC 2.0g/L + sucrose 30g/L + agar 8g/L, pH 5.8
@ ot==Z vl 52

O o= Zounl F2 4]

- MS + TDA 05 mg/L + IAA 05 mg/L + sucrose 30g/L + agar 8g/L, pH 5.8
O o= Zuvw} WtufA]

- MS + AC 2.0g/L + sucrose 30g/L + agar 8g/L, pH 5.8
@ 17y dESA

O AFUF S HjA]

- MS + TDA 05 mg/L + IAA 05 mg/L + sucrose 30g/L + agar 8g/L, pH 5.8
O AFu EtufA]

- MS + AC 2.0g/L + sucrose 20g/L. + agar 8g/L, pH 5.8

Ficus "Burgungy” Ficus “Melaney”
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Sl HFUHE - MS + BA 1.0 mg/L + TAA 0.1 mg/L
HZauaFUSF o MS + BA 20 mg/L + NAA 05 mg/L
R

O wyul ek @ E2u)

(@)

MS + NAA 0.1 mg/L + sucrose 30g/L + Agar 8g/L, pH 5.8
a1 £3)

Vermiculrite 1 : Perlite 1 : Hl23(J & HE) 1

&2 IMA o} o FF 4

O &EIFMA o} FAu)A|

- MS + BA 30 mg/L + IAA 05 mg/L + sucrose 30g/L + agar 8g/L, pH 5.8
O YZIpAJo} Wufx|

- MS + AC 2.0g/L + sucrose 30g/L + agar 8g/L, pH 5.8

sfZz o WFF4

O of=z = vl 28]
- MS + TDA 05 mg/L + IAA 05 mg/L + sucrose 30g/L + agar 8g/L, pH 5.8
O ol Z v u)x

- MS + AC 2.0g/L + sucrose 30g/L + agar 8g/L, pH 5.8

LEUT FFA

O WEUE v

- MS + TDA 05 mg/L + IAA 05 mg/L + sucrose 30g/L + agar 8g/L, pH 5.8

@)

=] A HH x]

B

- MS + AC 2.0g/L + sucrose 20g/L. + agar 8g/L, pH 5.8

O O O O

Tubers of sweet potatos

agmk “gEe” 5 50,0005 A, BEF(E 3)
Zre o] “White Ball” 5 2%3% 12,0007 AAF 25
IF U “Melany” "Sopia” 20,0007 ABAF &+
AbE MO, M.26. BAF (28 4)

+» Sweet potato viruses : SPLCV, SPFMV, SPGV, SwPLV ‘

Virus test

Meristem culture Multiplication of shoots

(18 4-1-4) 79 AAA vk 34
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O Micropronaaation and supply of virus-free rootstock

€ The advantages of virus-free rootstock in fruit tree
- The growth of trees is uniform, & the rooting also good
- The good quality of young trees

Apple viruses : ACLSV, ApMV, ASPV, ASGV, ASSVd 5 species

e £ SEHF) | AN BFEF) | BYEO) | wEA
#HY 5 50,000 &2l 357}
1 =} 80,000 87.5 odF 157
A 20,000 s 1)
] AHIF 30,000 421 3% 7}
2 2} 40,000 175 -
ATl 40,000 -85k
aL-af 50,000 -85k
3} Zer] = 40,000 12,000 205 &20E7t
A 20,000 BelE7t
Al 160,000 222,000 138 12757}
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Tt = dAlsk= E37F A= Nystatin AE] Alolls As oM 2=49
JAREO] A ASo] A Xﬁﬁﬁﬂ"iu} Nystatin< ergosterolol] Agtsto] A8 S wWelsh= 2o
2 dHA A=vl((Brezs et al, 1984), $L4& oA 717to] 742 7| AEAR F3Fs HA Ayt
Al 52 AstaL ofo wE AkEo] F7Fek= phytotoxicity(eFal)7F UEL= 102 AR AT

de] AREE= dAA] 5 sl Vancomycin® Penicillin GO 49, A8 527} =old4E 298
= 40748% A= Akl o Nystatin 2 2] e v = 7] Tc’ré]l%xﬂoﬂ phytotoxicity 7} #2521tk
Martina (1999)= Primuida vulgaris 71 ¥lA] 40780mg/Le] Vancomycing 3 7}8}e] phytotoxicity 2
A glo] vk 2988 TAAFHT ®HuEd o) Teng® Nicholson (1997)& ginseng Hi%F A
Penicillin G Aol ¢J3l] Alvt S ALS AAsIH o vZA=Q1 Aot FAE L AAER EAJo]
AA =) ctar Bagk bf Qo] o] F F{HL] FAA= A7 27 wef g3 gE2A UEhd ¢ e
Aoz g et

thekst el §4 S Adllshs Ao® 4 Plant Preservative Mixture(PPM™) 1m¢/L =]

Al SAEL 52% st ot FAg gy J——’/\}%% 2 A7t glowA] 71 AEAo] A5 ]
J& 3] phytotoxicity”t ZAl YERA] @= Aoz Ay pPPM™ME Agdoz de| &85
21+ isothiazolone A9 &A|=Z4 nmdEe] 55 714 ) Krebs cycle @ AApddA|e} Eo)x oz ut
Ssto] At B 2t Zo® dA At (Chapman?t Diehl, 199%). 53] ol eFgAlojm® ughd
o] 7Fss Aoz d#A 1o (Lunghusen, 1993), HE, #lFUol, &l =3} 5 thekst 2H&9] 4
A4 Wi g AREE A A} (Crompton¥t Koch, 2001).

0 1 2h b 10 0 0B 1 2 4
Vencomyan Penicillin &
(795-1) wiA Wl 7k 3tA S 2 R wads F39] 7 vl s S vl



<H5-1> ¥l Ul A g

[e]

RETS REX STE EX=E

ERin TE (71 /plantlet) (mm) (%) (%)
Oml/L 98 a 204 a 12.2 de 19.2 a

0.5mé/L 9.6 ab 19.0 ab 105 e 13.4 be

PPM 1mé/L 9.6 ab 19.2 ab 14.8 cde 9.2 def
2ml/L 9.2 ab 17.0 abc 25.2 abcde 8.5 def

4mb/L 84 b 17.8 abc 26.2 abcde 79 ef

Oppm 98 a 204 a 12.2 de 19.2 a

1ppm 95 ab 20.3 a 159 cde 147 b

Vancomycin 2.5ppm 9.6 ab 17.9 abc 33.1 ab 145 b
Sppm 97 a 16.8 abc 31.7 abc 11.5 bed

10ppm 9.3 ab 17.3 abc 25.3 abcde 7.7 ef

Oppm 9.8 a 204 a 12.2 de 19.2 a
10ppm 9.7 a 16.0 abc 20.2 abcde 10.7 cde

Nystatin 25ppm 9.7 a 15.0 bed 19.7 abcde 9.4 def
50ppm 9.7 a 129 cd 30.5 abc 8.2 def

100ppm 95 ab 111 d 359 a 6.8 f

Oppm 98 a 204 a 12.2 de 192 a

0.5ppm 95 ab 189 ab 21.2 abcde 148 b
Penicillin G 1ppm 9.6 a 18.7 ab 18.8 bede 13.1 bed
2ppm 95 ab 16.6 abc 28.2 abcd 10.1 cdef

4ppm 9.3 ab 16.7 abc 30.9 abc 71 f

F value

Two-way JAZEF(A) 1.07% 6.66% 1.80%° 7.18*x
ANOVA G A A 5= (B) 1.91M 6.95% 10.48x 8118
AxB 0.37N 0.62° 0.921% 1.58%°

"Mean separation within columns by Duncan’s multiple range test at 2 = 0.05.

NS,*,**

Nonsignificant or significant at P < 0.05 or 0.01, respectively.

M 'SIEI].T_'
‘i. ATCOIICIT Pemcﬂlm {}

(217 5-2) WA Ul A7k gl B5 2 sed e Ege) o)) g A% v

- 108 -



<HE5-2> HiIA W AR FetAl S5 R e sviEw 50 Il iR ASSAA0E 3719
A A Al 24 Az % IS A&
EoRin TE (7}/plantlet) (mm) (%) (%)
Om¢/L 10.0 a 23.7 a 137 d 20.2 a
0.5ml/L 94 a 22.4 ab 126 d 10.8 defg
PPM 1mé/L 9.7 a 19.7 ab 13.2 bed 8.4 fghij
2mé/L 96 a 19.8 ab 174 cd 8.0 ghij
4ml/L 94 a 17.8 bc 21.5 abc 6.1 ij
Oppm 10.0 a 237 a 137 d 20.2 a
1ppm 10.0 a 22.8 ab 125 d 168 b
Vancomycin 2.5ppm 95 a 219 ab 21.2 abc 14.0 ¢
Sppm 9.3 a 199 ab 18.2 abcd 10.5 defg
10ppm 95 a 19.7 ab 21.5 abc 8.5 fghij
Oppm 10.0 a 237 a 13.7 d 202 a
10ppm 99 a 22.6 ab 12.7 d 9.7 efgh
Nystatin 25ppm 9.8 a 20.1 ab 12.7 d 8.9 fghi
50ppm 99 a 14.6 cd 22.8 ab 7.2 hij
100ppm 9.8 a 13.2 d 22.7 ab 5.9 ]
Oppm 10.0 a 237 a 13.7 d 202 a
0.5ppm 95 a 22.7 ab 16.1 bed 13.1 cd
Penicillin G 1ppm 95 a 21.0 ab 15.7 cd 12.2 cde
2ppm 94 a 19.1 abc 20.6 abc 11.3 cdef
4ppm 95 a 209 ab 244 a 9.1 fgh
F value
Two-way  FAAZTFH(A) 1.521% 2.49"° 0.65° 1487
ANOVA gAY A 5 = (B) 2.05N° 7.89%x% 10.21x 89.86%«
AxB 0.54N° 0.84N° 111N 1.70N
"Mean separation within columns by Duncan’s multiple range test at 2 = 0.05.
NS5 Nonsignificant or significant at P < 0.05 or 0.01, respectively.
(295-3) Al Wl 37be AT A S 2 TR emE F59 7Y vigE S vl
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<E53> WA W Wb FAl B L SR ems EE] A AR ASEY0NS 349
A A eSS B IALE LHE
*5 o (7} /plantlet) (mm) (%) (%)
Om¢/L 9.0 a 23.0 a 24.3 d 215 a
0.5m/L 90 a 22.1 a 23.3 d 13.8 bed
PPM 1mé/L 8.8 ab 204 a 249 d 89 fg
2ml/L 7.8 abc 21.7 a 24.7 d 8.1 gh
4ml/L 7.8 abc 20.2 a 29.8 d 7.2 gh
Oppm 90 a 230 a 243 d 215 a
1ppm 8.0 abc 237 a 259 d 160 b
Vancomycin 2.5ppm 8.1 abc 204 a 234 d 12.0 cde
5ppm 8.1 abc 205 a 26.4 d 11.2 def
10ppm 6.7 bed 184 ab 35.6 cd 7.3 gh
Oppm 9.0 a 23.0 a 24.3 d 215 a
10ppm 6.6 cd 216 a 29.8 d 12.2 cde
Nystatin 25ppm 58 d 18.1 ab 52.6 bc 89 fg
50ppm 38 e 135 b 578 b 7.7 gh
100ppm 16 f 80 ¢ 79.7 a 59 h
Oppm 9.0 a 23.0 a 24.3 d 215 a
0.5ppm 8.2 abc 20.1 a 191 d 145 bc
Penicillin G 1ppm 8.0 abc 213 a 23.8 d 12.2 cde
2ppm 7.3 abcd 20.1 a 23.0 d 9.8 dfg
4ppm 7.4 abcd 193 a 25.1 d 8.6 fg
F wvalue
Two-way A FF7(A) 30.45%: 9.51 20.66% 9.34:x
ANOVA A A 5 =(B) 16.63%x* 10.06% 6.48% 181.22%
AxB 3.83%x 2.56%* 3.04 5% 1.220
"Mean separation within columns by Duncan’s multiple range test at 2 = 0.05.
NS**Nonsignificant or significant at P < 0.05 or 0.01, respectively.
cobeg 9 ous FEONE AelE FuAel Broh woldeE FAY oy 0dee dashy
TARES FoFA| AL 7| A=A ¢ *ﬁ%ﬂ A= ATHEE 5-2 2 3 5-3). 53] Nystatin A2] Al AF%

A= ALl Aol i ASE AA Ao, PPM In¢/L A2 A FAg] thn] aAbs2
Z Apol7t glewdA 7 AeAle] Bg5A] daste] efelatgo] AA yehA G Aos Ay
Ack wbA PPM™ Inl/L A2l 2E A F50] Y 298E 52~59% B Fraste] A Hrt
e I iy

99 AxEzRE PPM™ F2 489 isothiazolones®] S-F#g] 71 wFA] HAE = Aot 2 T
olo] L AS I em dAlshH 53] F Ffrrrolut Heht 5o WAS A8 A= As

4
A = AT (& 5-4).

=

ok 0,\:

[UO

RN=

- 110 -



LH9Y T WA A v &
Bacillus spp. 149%
A+ (Bacteria) Staphylococcus spp. 16%
vl 54 (2F) 22%
Penicillum spp. 15%
3ol (Fungi) Cladosporium spp. 18%
v -5 (1F) 15%

S oe] ¥ Wk Al FAks}
BoH, 2 = FF HRolt dahr
So8 ZAMESITH 15b psi, oF 15%) A4S A
HE T HQka shtoltt, weba] o] HAS AJeret
I HjAE 1007C, 15 o9ge Haslelual a= A
& F7F FHSIIHE 5-5). ~vlEe F58 oz PPM™ I/l 2] Al 2] dib] 2ARS-S
2 Aok Yn ke BATA Bgkom, WY LARE 5% A% PASL

Compton? Koch (200D 2, 2, sFuote] 71l wiF Al wj=le] PPM™E H7kste] 291 A
S Eola AYARRE FAVE S ATHoR fRsigva Btk webd pPM™Map e
A3 atAe] AMer 53] ofFdol A D = glo] v AN e A= oY

Ae] sk 0 mPET 1 A me wj Fo) sk sksshrha BEEgl,

o{
r—{ur

FU

1 2 4
Vanommycin Pepicillin &

(29 5-5) "iA Wi A7t A S R e 2uEnk S50 7 YR S vl (ahET
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<3E 55> wiAl W A T R wRE AuEn S50 7 wiYE ASSE (A Ed AEh
3

G A A e A z7 IALE LHE
*5 o (7} /plantlet) (mm) (%) (%)
Om/L 94 a 213 a 125 £ 217 a
0.5mé/L 8.8 ab 20.2 ab 12.7 £ 114 cd
PPM 1mé/L 8.8 ab 19.4 abc 13.2 ef 9.1 de
2ml/L 7.3 ef 18.3 be 15.6 def 8.9 de
4ml/L 7.4 def 185 be 22.3 cdef 9.1 de
Oppm 94 a 21.3 a 125 f 21.7 a
1ppm 8.2 abcd 20.8 ab 13.7 ef 179 b
Vancomycin 2.5ppm 8.2 abcd 19.2 abc 23.6 bcd 128 ¢
S5ppm 7.1 bedef 17.0 cd 20.7 cdef 115 cd
10ppm 7.3 ef 16.1 de 24.0 bed 10.0 de
Oppm 94 a 213 a 125 f 217 a
10ppm 8.2 abcde 172 cd 17.6 cdef 9.8 de
Nystatin 25ppm 7.8 bcde 15.2 de 22.7 cde 82 e
50ppm 72 ef 15.0 de 340 a 77 e
100ppm 6.8 f 143 e 32.7 ab 78 e
Oppm 94 a 213 a 125 f 217 a
0.5ppm 8.7 abc 20.3 ab 14.1 def 131 ¢
Penicillin G 1ppm 8.1 abcd 16.0 de 18.2 cdef 12.7 ¢
2ppm 7.5 bedef 14.8 de 23.1 cde 115 cd
4ppm 74 cdef 14.8 de 26.6 abc 9.9 de
F wvalue
Two-way  FBASTTF(A) 1.03% 19.08%x 741 23,37
ANOVA A A5 = (B) 12.88+x% 42,80 15.98x 172.72%x
AxB 0.27N° 2.63%% 1.34N 3.52%%

ZMean separation within columns by Duncan’s multiple range test at P = 0.05.
“*Nonsignificant or significant at P < 0.05 or 0.01, respectively.

U 71 AR WMol A 2 f17 R B9

ZAMGR A T F o, A AR, A gk 35, B 54
AT 5 Qoms SHE o AS IS wel wAlEe] JEE slel % wo] wae] )
A 29 FYo] Wash

7Y 4552 ds, B e, 2y, g2 sjdtgd 2AMYE 54 A A3
5-6, 3 5-7), ¥FZ 5olF Aol= g, A wigE o] oA widE Ax2ES 18~31%
e A2 AFelddar, Axre 156~18M A B2 A BAHIH 7). 0¥ 5S4 A=
U RSl A= AZE AZSEA7] wEel velhdbs dEA 5ol ddy =, A
e A5 dm(dobel e S AMFSt] wFe $ outE fFAEAR E3A7s v, o
AAFA)S o]&3to] A= ﬂ AR Fieshs W 98 Mg A=l ZHAA e A
&35 (totipotency, &KHE)S ol &3 AR, GAE 58 A& 22 IR FozNE s A&
A7E ABE = sHe ol8ste Wiolth o RRE A% AlE3Kshoot regeneration)E %Eé}ﬁﬂ‘j\i

Wl 27] vREe Page) AEdelziel AeAcallus) B4, AMLH G B FAEA B3
ARA S, ol W Az B3 g WRgel vet Az FasHe o

ot
er

m\m

- 112 -



g
D
V
i3
i
=
Au)
=
o
ok
L
e
N
=
BN
»
=

o]

FE BS540 67149)

| ge

=

1= HAL

Aoz AT

- 113 -

= waue REXT REXS SAHE WMol BA
(mm) (7/plantlet) (%) (%)
e A7 39.245.6 2.3+0.2 6.1+1.5 -
94 # 30.1+4.6 4.8+0.7 7.0+1.8 -
Bl e g 42.5%7.2 1.7£0.6 5.6+3.0 -
E | 28.9+4.3 3.9£0.4 6.3+2.7 -
sesh A7 36.7+4.1 1.9+£0.3 4.5+2.3 -
- q4 4 25.4+3.2 47406 7.3+3.1 -
gz e A 31.4+3.8 2.2+0.4 52+1.1 -
g o 24.5%2.9 5.2%1.0 59425 -
“Each value represents the meantSE
<ES7> EFHE s iR S5 12714)
s o= e RESY R A FdE el
(mm) (7l/plantlet) (%) (%)
. A A 67.6+11.1 5.7+0.8 5.3+0.5 -
T dugEa) 55.36.7 8.4+2.0 74+1.1 -
B e A A 70.5%10.2 45+1.0 45+2.3 -
A EH) 58.4+7.6 6.7+1.2 6.6+1.6 -
stz A A 62.4+7.9 4.0+0.9 5.7+2.1 -
T dEdEn) 53.145.1 73416 8.0+1.7 -
S A A 61.4+8.1 5.1£1.3 41+1.6 -
JAAAH) 46.8+4.2 75+1.8 6.5+2.0 -
“Each value represents the meantSE
1% 562 Ploidy Analyzerg ©]-&sto] vierHd EFu2] widuleF 1270€) 9] AAl+=
AR, AN 4%F] ASH 2 FH ) A BT Ao ), GAA) o] H= ?

o



sEEE

(T —

e

ol ML A e

T A

¥

Ao

oty et

b
e

A AZNF 1270€)

AN
A

TR

A5 Ha(al g 12704)

mK

ZHe A ZxG 15~1.88 =7hHe] zpol7}

o

o

AA YeRGA|
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A
o0
VY
iz
it
=
ich
=
ol
ok
i)
i3
=
o
td
N
to
M
ot
o
Ho
Jm
M
ot
A
=
(e

= oz L ey ANx73 ey
FoF e (cn) (cn) () Ol/%)
e R 30.6+1.4 14615 1.2+0.2 13.2+2.2
T 9 A 27.8+2.0 15.31.9 1.120.1 13.8+1.7
1 ) 7 e} g 26.4£1.7 13.4+1.3 1.1+0.1 12.8+1.7
= d 275413 12.2+1.7 1.1+0.1 12.1+2.4
pR e 289+16 12.5%1.4 1.0£0.1 15.8+2.0
T 9 30.1£2.0 11.5%1.0 1.1+0.1 14.4+2.1
O o= o e 275+24 13524.7 1.00.1 12.6=1.4

M d A 26.9+2.3 14.1+4.7 1.1+0.1 14.02.3

“Each value represents the meanzSE.

<#5-9> EFuE] wikywE wigy Vest & ASEA TS 12714)

v = . BT REX REXZ] e
= A (cm) (en) () /%)
- g A 71542 34727 2.30.4 145225
T g ¥ 68.9+3.4 321425 2.0%0.3 14.0+2.6
- A 69.0+3.1 294427 25+0.3 136421
- d = 70.3+4.0 27.942.2 24+05 13119
R A 63.2+2.3 32.3+2.4 2.7+0.2 165+3.1
T 9 # 66.7+2.7 33.0+3.1 25+0.3 17.1+37
g = e A A 78545 38.4%3.4 2.1%0.2 185%35

B g = 74.0+3.9 39.6+35 2.0£0.2 20.5+4.2

“Each value represents the meanzSE.

b@e Hglapy AWE o | wRE  HEAH SBEE GEY
T Is* .'ﬁ d'ﬂ-ﬂ T T |.'r|-;' T ]" h' - )
g AW Ak N=
(195-8) &5 miahHd 7)elesle S v

& 510 EFHE 4559 ASS5AES 163 Al drtAl 471zt ZAbste] gl A3,
AlhelF 103] tiv] 153]0l4 71 FAEA aAbeS 289 S7Fekdar o] e Wol= 65%
A= B o 7)94ae2 12% 43 tE Norton® Norton (1986)-2 Rosaceaedl 43h= 6
o] =l diste] A sl AFEALS TAbete] Bagh vt d=d] Al Sl7F Bot
AFE 7 FAEAS Alx% A7|7v sk A 45 FUteke Aol

-0 [}
A2 e 2 PA WolZh AT 5 g, vk S 71

ol

3T

‘“12

19,
:(o XE

At Fo] WHEdes A=A
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FAEA = AAE S} o] AFA Wale] IR i dASA FAEH= A w3t
A AT A cytokinindg £ AFZE =2, wiA W #7197 2 sucrosest 2 AL
A &A1 S W] wito] F-1% Wol = 3o o3k A XA WHolrt WA= A
o7 Wi )
weba EF W] 3 g E kA RS fsk At 3= 10387 AA- s, 1653 oulE
A &= Aol At s 9 AAES 1T uf npEgAEd Aoz gkt
<HE5-10> EFHE] AdeY s midy ASE5EA4
Nz NS AL gei=
g o5 Adwe s ° = AT
(mm) (7/plantlet) (%) (%)
53] 45.2+8.3 4.3+0.6 4.0+1.2 -
U= 103] 65.4+£9.7 6.1+£0.9 59+1.1 -
153] 70.3+12.5 6.4+0.7 14.6+2.3 6.0+1.3
53] 52.5%6.5 3.3+0.7 3.842.0 -
B g% e} 103] 69.7+7.9 46%1.0 49+2.1 -
153] 74.3+13.4 52+1.3 13.2+£3.5 8.0£2.1
53] 48.4+79 3705 5.7+2.1 -
Eatyi R=8 =3 103] 62.9£10.3 4.1+05 57+2.1 -
153] 67.5+12.0 5.0+£0.9 12.7£2.8 5.3+1.7
53] 31.4+6.6 5.0£1.1 0.1+2.8 -
2 % 103] 55.4+7.1 54+1.0 7.0+£19 -
153] 62.4+12.2 71+1.6 20.4+2.0 6.5+1.4
“Each value represents the mean*SE
Aok T =
A F mEEE Egla ~EEE L=
k]
10%
15
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(2195-10) Ahule 158 A Bl vekm oAb 2 ole] FejH wlo] WAl i

e sl S R AaAs A3 deHad 5-11), =AM 4559 B8H o
W FILol A AT 5 ger zAEAY. 2y 163]9] At AA

3], 103], 153] =
13

.‘_—'1
%9 f4EA FejH wo), 53] o] Pl wol7h

(2 R
2 o8

QA Aol o] gl glort el =S
A BE FFOA 6.0~80% BE TASE AL S & AdAe=d(E" 5-10), F47% ®o]
= ol A AR, Al A% EE 05 5 gegel aa wase ged me %
AP A WolQl Aoz FAekert
= e R
= 55 10%] 153
= - .
Far
lﬁ 1
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Lakshmanan & (2007) RAPD % ISSR vHA& o]gste] 47|t vk 52 vhvh f2&A <]
A S 2 vF 9lom, Tiwari & (201302 AFLPY SSR vHAE ol&ste] 71U 244h &

A F47 kAP aA o g zAIY L Baskich e §-17 wWolo] Wy o Hlof o
g & o BEe s s E fHA e 55 Z8ste] AAse 5 A7 dasit s
ok

o AAGAE wjgE vlolgix HA R T AFS 3 A FHE 2 AT AT

a9 512 B 78 FE9 wiYdE ASaAEOIY YR 6/12714Y, 719 +=3tE
6/12/1870 9, £ A2 1 6/1224718)2 2 7Y wlolgl 2~ 4F(BIScV, BShV, BLMoV, BSsV)el
o] §42%Hd %XQW(ELISA Enzyme-Linked Immunosorbent Assay, AGDIAjil)S ©]-&3%
o AAg Adadd, 25 () ¥&& Ho] F9 7H wlole 2z tiste] virus freedS 91

KT
¢
-

=

ut
o:
¢

MBS mMaY B

EE ELid
-+ 1S5
=y A E

| L3 18

~e[+] grewbigd
) el
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T T . | I
,Er;.“ H-l.rﬂﬂ l-lﬂ‘ F risp ll-—--"lllJ g I|---I'l------ ey
=res] E3 FHE120E = 8 EF A4RANREFTSE
LI o L Time fime Bl

—_— I_—lﬁ_ﬁi_ﬁli_l
oo L} L

'
..::J
-e—?ﬁfi :c.?a" ﬁ*ﬂ,ﬁimﬁi{{ﬂ =7 -E’fyiﬂﬂ E?a" AR E(EE =70

(ZL95-12) &7 SR vholss A

Paduch-Cichal 5(2014)2 3lo]&4] EFug] ‘EF3F 2 J|HE’ %5l diste] 2d7F &5
232 o] A(BIScV) A 2 BHAYA oARE ZARste] Bargk v Qlth DAS-ELISA W& ©]
£3te] AAT Avtel 5-proximal ORF (RNA-dependent RNA polymerase)2] 430bp ©HH-& Eo]%

o= T ] 7= ZefolME o]g3 RT-PCR Z2¥& Hlue u] dAsh= 43e BAor, ELISA
el g AFT AR 9, AN Tl e wE e Aew AN

ELISAvE Hpolg| & oS AAA ol BapA o w HSE 5 glo] dWtHew de] d8¥ =
W shubolth Wegener 5(2006)2 & FHl2]e] BIScV ZdolFE o= A} }h dl ELISA ®
WS ARESEA AL, MarthJr Bristow (1998) ELISA W o2 BIScV #HaAHE A g3 xAlshd
A 6ol A 9ol AHT EFHle] o AlEE, MacDonald 5(1991)2 6€ol4 8 Joﬂ ANFHT =F
Hel o AlRE ARS-SfoF GPE}-L LIRTACI ] °]E‘r

FF 7Y volez S FAsE 49 ELISA Wl opz} wlele]z o] xzjolu
€ o83 RT-PCR W& W83t -71246}% Aol & 1 A& AA A¥E ded 79T Ao
= At
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<E5-11> EFHE] BESFE M5 2 FEAY

_ 7HEHA| 7] S3HA] 3} TINAL
P HEEF
(4, o) (4, &) (4, ) (4, ) (4, &)
-5 ARET 4. 16£3.6” 4. 25+3.2 5. 1£29 5. 6£3.2 6. 16+£2.3
;E} AR (=4h 4. 17+£4.3 4, 26+3.8 5. 1£+34 5. 7£3.8 6. 1625
s Al B () 4. 17+45 4. 26£3.8 5. 1£35 5. 7£3.7 6. 1726
b 2] AER 4. 15+4.0 4. 23+3.1 4. 30+2.6 5. 4£3.0 6. 26+2.7
;E} B (=D 4., 15+4.7 4, 23+34 4, 30+2.6 5. 4+35 6. 26+3.0
Y E () 4. 14+4.8 4. 23+3.0 4. 30+3.0 5. 5£35 6. 26+2.7
AER 4. 21+2.9 4, 30+£2.8 5. 6124 5. 12+3.0 6. 30+2.8
29 HiYgREAD 4. 22125 5. 1£2.6 5, 8+24 5. 12+3.0 7. 1£2.8
MY E (%)) 4, 21+2.9 5. 1£3.1 5. 8126 5. 12+3.1 7. 1126
“Each value represents the meanzSE.
<HE5-12> &7 ‘ATER FFo EEERE 7A 4S54
2~ 7.9 A %«%—X] /1\_]_.%
9w mm=zs o TEON TGRS TAE gel WA
T V2 S WU MR, Vs oM M
AER 824 a 1714 b 36 b 100a 525b 226b 33 a
2013 A (=D 79.0 a 226.3 a 48 a 86 a 653 a 243 a 31a
(394 wdEEY 78.8 a 241.2 a 45 a 9.0 a 636a 252a 31a
Significance NS * ®3% NS * * NS
AER 95.7 a 3084 a 47 b 127a &8.0b 249 a 34

2014 HigR(=4h 89.3 a 284.7 a 6.7a 112b 1543 a 235 a 3.4
(4dAY)  HiEEED) 91.6 a 303.1 a 6.3a 109b 1385 a 246 a 3.3
Significance NS NS * * * NS NS

ANER 102.6 a 355.3 b 56 b 136 a 1271 b 232 a 35

2015 A (=4D 1113 a 400.4 a 96a 120b 1902 a 228 a 3.4
(5dA) B ED) 1145 a 4152 a 90a 122b 1834 a 236 a 3.4
Significance NS * * * * NS NS

NS % **Nonsignificant, or significant at P<0.05 or 0.01, respectively.
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<HE5-13> EFHE] HYAEY FFe] BEdaE A A

(oI =]
5=
=Z7 R

R
Ax s M A Ma Ao o
(cm) (dm’) — =
/= (mm) 0/ (em) (mm)
AEL 673 a 1414 a 30Db 86 a 583 b 273 a 3.2 a

2013 R (=D 73.0 a 168.2 a 42 a 9.0 a 697 a 229 a 3.3 a
(3dA)  wiYEE 784 a 1728 a 40 a 9.3 a 753 a 248 a 32 a
Significance NS NS * NS * NS NS

AEY 859 a 2304 b 43 b 111 a 90.7b 234 a 34 a

2014 HlR (=D 90.8 a 310.1 a 6.1 a 100 a 1893 a 250 a 3.2 a
(4:328) HIE (%)) 93.7 a 3195 a 6.5 a 102 a 2021 a 228 a 3.3 a
Significance NS * * NS H% NS NS

AER 108.1 a 376.3 b 58 b 130 a 1439 b 267 a 33 a

2015 AISH (74D 1175 a 4234 a 98 a 113b 2722 a 234a 30a
(511 28) AIE()) 123.0 a 440.2 a 104 a 116 b 2340 a 251 a 3.1 a
Significance NS * * * * NS NS

Nonsignificant, or significant at P<<0.05 or 0.01, respectively.

NS, =, =x

514> B RS EFY HEERE 54 4554

N o =54 R

Aw  mmzn Tf 7Gﬁ; Aw A AF "ol A
o OE ) OW/F) (em) ()

A E 70.7 a 162.4 a 32 Db 95 a 397b 271 a 31a

2013 A (=4D 65.7 a 146.1 a 45 a 9.0 a 490a 254 a 29 a
(3dA) iR 68.0 a 150.5 a 45 a 93 a 463 a 246 a 30 a
Significance NS NS * NS * NS NS

AEE 876 a 2634 a 48 b 120a 776b 245a 33 a

2014 A (=2h 85.3 a 254.2 a 6.6 a 115a 1760a 236a 32a
(43 wigEEED) 95.6 a 296.0 a 70 a 119a 1962 a 228 a 32 a
Significance NS NS * NS * NS NS

AER 100.6 a 3299 a 6.0 b 14.4 1355 b 254 a 35a

2015 Wi (=4h 98.7 a 3154 a 10.1 a 12.2 2423 a 230a 33 a
GAA)  EiYEERD) 102.2 a 340.0 a 99 a 12.0 2281 a 242 a 34 a
Significance NS NS * * * NS NS

NS **Nonsignificant, or significant at P<0.05 or 0.01, respectively.

gRue] e FEE AhEd FEw BRE BB SR 2at 604 Aol ¢1dl
T A4 T 2dA9) 4347 44 F 3dA%) 594 BRI AER o] 2Hudue) Fu-e ol
)

15737% A% 7kttt (G 5-13). 2ASR S F5%
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2 AT (G 5-15).

- T 5 37 7 g9 A
FE HESF
(g/7, 5dAY) (g) (mm) (mm) (°Bx) (%)
AER 13084 b 22 a 144 a 136 a 135 a 050 a
23b HYgE(EAD 17498 a 22 a 150 a 138 a 140 a 055 a
ZeF ARy 1684.2 a 21 a 141 a 130 a 136 a 056 a
Significance * NS NS NS NS NS
AER 14046 b 23 a 160 a 130 a 129 063 a
A=k B (=4 1690.2 a 22 a 153 a 130 a 12.6 065 a
A R 1666.7 a 24 a 165 a 132 a 124 071 a
Significance * NS NS NS NS NS
AER 12842 b 20 a 15.0 12.3 127 049 a
L= SR (3‘*]’) 15954 a 19 a 15.0 12.0 13.0 04 a
T AR 15413 a 19 a 149 12.2 131 057 a
Significance * NS NS NS NS NS
NS, *, s

Nonsignificant, or significant at P<<0.05 or 0.01, respectively.

g py=n) ZOEE THNTE
aagc
232 ggég
coee
eP0e
EEELSIN £992
8QCO
& <
S 4441
G M

(7195-13) =

Litwinczuk 5(2005)> - stoliA] EFHE] SIHE' FFol tiate] At 2Amdre] A5
e ¥ ATEte] A, SR i) AHE B0 AlSo] thAh =glal Alxe] dole &gl
U BHle] A7]E 677% AR & AFoInh W stol Al SFuE] FF olHlgiE)

ol tiate] AL Marino 5(2014)¢] Baro| A= At=g thn] wjokre] A4 F Lag4o] F9a
<7}3! }910“4 | XPO]“ Qo AxFU AEF T3 Ttk AES BAh

A2 F 29 % B slolAl ERHE] FF waEF O wYE A Aol AHEE o] {28}
Al Eetthar BarE vF 9o} (Grout &, 1986, Read 5, 1989), Smolarz}t Chlebowska (1997)% 1134
EFAFE S A Al HAH| w2 FE-EA 9 AlEe] Aol fIgithal Bauskelnh uhekA EF
Hlg] FEol wheh e wrke] AlujAbtel wet B AP mE A AS B 5] tE F

=

A8 Aoz BUsH, B o EEO AER 9



M 4 & Zx2Mdz 2 ZidZ2oto e 7| =
1. A7 B30 ddE 9 Vo n
<1xPd %=-201341 >
9=
A B 3h A /A A B R (%) AP &
(0]

ANAE> B A /B2 /A dEaa A7 89 2 e A 13
OZdlEAs FUSEE 2 o TUSATEE QPN 2 nFAA £
SN 5 Ug#Hs 2 By 180 o H 273109 11% % 187,935+
109+ o WIFES oly] 9F) 3109 3EZE Dol
Odgolmors A8 ez A= FF 5044 bottle Al F (<)
OSB3/l 22448 o U =Y AEFE 149664F FA Bk
SREE gz 2 BF 109 150 |¢ FUGEEE BRc o 9EZE s
= o AT MRS EI SAEE ZuuS
OAladt mrelels FRE P o TTU FUYSAEE SAEE 5 FE SUHEE
Al gl g 1k % A A7 vl oF

o A A2 FYVEAEGSTRTE T
MOU 7l 8%

Oxx $FE Rzkee A4l o TWZFYIE AMAAM TE (BAZA Wk =5
Al T 100 AANT-GF, BEF &7, 2379 ¢354
A7)
<APE> ZeFA 2 D o] (Relationship) 1% A A S =D 2 SAFZo)FAA
OZelsA 2o Do) (relation o | Pejo] MjFS E3 B FAL A7 499 A TF

ship) wlk 214 23 AA e
_ o FUYSAEE L ZAUY FREE gFFa °
OZ Ul SAEZ] A B3| 300
HoT o (¢ H = 304,50()%
O 2 IS Aa ]
e Hk J 53 3 o
A2 80 uhrol] A ask WA 2A
<A2FE> ZAu|ko] 93 W5 D B Fo ujFAL
Ozieln - dsshe a9+ o AT BdFe WA TE L s
o Wiz oo Al A -~ olZgodn, AuUe S 150005
o AIA T FIE 9 - ofzgtent - MS + TDZ 05 mg/L + NAA 0.2
oA 2 o) WA mg/L
o EUEL O]k A g75 |~ 33U 1 MS + 2ip 30 mg/L + NAA 05 mg/L
oo IFUE g A 50,0005 W2
- Q= HF U - MS + BA 1.0 mg/L + TAA 0.1
mg/L
- WZdaFUE - MS + BA 2.0 mg/L + NAA 05
mg/L
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