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Seed Germination in Lettuce Affected by Light Quality and Plant
Growth Regulators
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Abstract. Lettuce, a typical light-induced seed germination type, exhibits different germination responses
according to cultivars, light quality, and plant growth regulator (PGR) treatments. Germination rates in most
tested cultivars were over 85% under both white and red light, and were slightly decreased by blue light.
Although photo-inhibition in germination was observed from most cultivars by far-red light, ‘Cheongguang-
cheongchima’, ‘Okdol’, and ‘Manchudaecheongchima’ could be classified as photo-insensitive lettuce culti-
vars by exhibiting the germination rates as 78, 63, and 48% under far-red light, respectively. 6-Benzylamino
purine (BAP) and kinetin promoted seed germination and normal seedling production under far-red light, but
ethephon did not show any positive effects. Cytokinins such as BAP, kinetin, thidiazuron (TDZ), and zeatin
overcame photo-inhibition of seed germination even the concentration of below 50 mg-L~!. However, aux-
ins such as IBA, 2,4-D, and NAA failed to overcome the far-red light-induced photo-inhibition.
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F(Lactuca sativa LYE 7159 &4 Hak op
2} =g @ oY) Ajdx(baby vegetable) TOF
1 o877t 9% Eolkd K} gt FEE o
g vt 353k I QAR AEeldh 1y
F A8 7R wolEAA-L A5 FdA] Al
Z FARCE HzEY ged 1 F8 djeEs
FE 144 B4 = AAY AdEE 72 2
o] B8Rl s JdFS W= 5H4E E F
I THDamania, 1986; Cantliffe %, 2000; Takeba,
1983).

AFAR] o} FARI A= B 75 ¢ 32
9] g¥ke ZA WETHChoi 5, 2003; Khan, 1977).
2R X 71wl ZX1EH A goME o
FEo| FFo|M Pl S doA oy} et
A A DA ==d|(Borthwick 5, 1954; Carpita

9} Nabors, 1976), ©|213F &L FZo we} A&
A el phytochromeo]Zl= B84 Tide] ofs)
$a-E Ch(Hopkins, 1999; Kendrick® Kronenberg,
1994).

3 A5 FAle] Wols A W] dolEER
ol A B2k a8l s ZEETHAbeles,
1986; Khan, 1968). Zo} =&AL Abscisic acid
(ABAY= ZolE3E7A 3ollX] 11 o] FoAle=t,
ABA ©E0 2 olo] g3k mA7|Rrh= v A%
ZHED 2 3AZA Tl A FasE R #
Ao FgFe F= Aoz gHA UKGonai F,
2004; Roth-Bejerano 5, 1999). ©]&1%+ ABAS] Lo}
AR &= cytokinin®L} ethylene®] F&kol Slsir=
)AaHo] B AT Dunlap® Morgan, 1977). Cyto-
kinin] WolEA 9 FAHelg A8 B2 AECIM
2 dHA dorn, AFIME WA cytokining)
zeatin, kinetin B%F oY} AR 6-benzylamino
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Table 1. Basic information on 12 cultivars used for this experiment.
Leafype No. LU avbreviion TP (L FRITE POy
Cutting 1 Manchudae- MC Ivory Green 2004.05 Chile Hungnong
2 Jeoksam- IS Ivory (F)* Red 2005.08 Australia  Asia
Grass 3 Cheong- CcG Ivory (F) Green 2005.01 Australia New Seoul
4 Grand rapids GR Dark Brown Green 2005.09 USA Kyoungshin
5  Grand rapids- GT Dark Brown Green 1997.01 USA Ferry Morse
6 Duksum- DS Dark Brown Green 2003.12 Italy Hungnong
Crisphead 7 Regina RE Dark Brown Green 2005.04 Italy Jeil
8  Okdol oD Dark Brown Green 2005.05 USA Taewoo
Butterhead 9 Red Gyeolku RG Dark Brown Red 2005.04 Italy Jeil
Romaine 10 Bimitasu BM Ivory (F) Green 2004.06 Taiwan  Tokita
Lollo 11 RedLollo RL Ivory Red 2005.04 Italy Jeil
Oakleaf 12 Oak Green oG Dark Brown Green 2005.07 Italy Asia

%(F): Seeds treated with fungicides.

purine(BAP) 5°] wolER 38 Yells A=
deid okBlack 5, 1974; Khand} Prusinski,
1989). 5 T2 WolsdE FAF Ul ethylene?]
=9t HHEEHUNKhan?} Huang, 1988; Kozarewa
S, 2006). 52] 79 ethylene Wolal 2 e}
ofiAlE A Gt AT, 1 AmE FEo
w2} Alo)altH(Abeles, 1986). 21E-A] Wjol|x] BH-$-A)
A4, S, = B3 9 4z A3 59 oFe
3= awxin® A W AEHE PFAI|H, GAol
98t a-amylase®] B34S X5k vl FA3l=
Aoz 4R th(Beweley?t Black, 1994). Cyto-
kinin®|L} ethylene, ABA =5 F2} WA auxin F°
Fol GG v, awxin® T4 W) AERZT 7@
e 723 2AEARA doll #FIRHChoi B,
2003; Khan, 1977). 2&u} AF Zxle] glolA4
auxin®] A 18] Bo| BiEx] gkl glr}

B a7 fEuEeld 57 7Fee TRt E35
A FAE dkem FEE 4 WA 2 23
sollr] AF=AEH gt Wo} EAS it
T At

T

1. SAME

SEURlN 5, driEle A 1255S S48t

o FAAMER ARSI IR teket 9¥ &
HRIESH 2= )] A, G, T A1 2 A
Z 719 Bl SRS HUigt 2elsie 74, -8t
SATH(Table 1).

2. B3 Xz :

TAREE oigh FA w49 AlolE Yolrr] 9
3 WAlEs3 =5 371X LED Plant Radiation System
(Good Feeling Co. Korea)S BOD incubator ¢l
Axs153E], WaBCZ white fluorescenceQOW)E,
7% gtio] 2 = (light emitting diodes: LED)E
2 A3 (660nm), A H(460nm), =74 F(730nm)
LED7} 232AF HEE AMESIST 48 Al A28
34 ol9e] B Qg FHol| gt =& 2] 2|
AP AAE gxoF WEYon, B Agst =
A2 B3lEHA]] o] givta getele ARy
Ay SlollA F=3= Atk BOD incubator W2 2
TE 20008 FAEAen 2407 95 20w
oA Zt,

3. ME=FH o

233 doler 2°collA LEDS A%
(730nm)O- 24} ZHRA} HEE X5 T AjEgn)
EE FAIEE s FxElTtet 4284 BAP,

kinetin & ethylene ZHAYAIQ] ethephons Z+2+ 50
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mg-L7% X319t FAIEE 5 REY R W)
3t 22} APZEA 2L PSS, Cytokinin
A WAZEAZ BAP, kinetin, TDZ, zeatin®
ethephong 2Hz} 0, 1, 5, 25, 50, 100mg L' @&
Azlal] B} Al AgEEEdY 27 2 5%
o g FA vhgAS AT T3 BAP 1 ¢
Smg-L7'3} auxinA] €S IBA, 24-D, NAA. 0, 0.1,
Img-L7'& B = E8AEs Asiarnt.

4. IIE ¥ =AM

FAke) #FLe F7 9.0x%°] 2.0cm petri-dishol
oZA|(Whatman no. )& 2784 7+ & £ 9 50
He] FAE Ao Hoz FPslo) 3EE A
1AL ArlElE SRS SHSE o8t A=
AA A9 B¢ FFEE 2] s petri-dists &
T ARAYs Az 34 B FEE SAB¥E
= Sith 2AF Al B A2leh 23 ok
Mg sl Aestch. A 9E § fo]
2mm o) EEH 2& PolR Ao 7kl & 7
UZE ANBIGAAL, 9 4 5 Do), v 7Y ¥
& FH3IolE= 3%t} =3 AFZAEA Az] A9
= PHREEEEE RN 13e 239 A
2 i eyt 25 S93 RS e wE
78 & AT ARAAe] EAXEE sAS
system(ver. 6.2y ©]831 T5H4-S AAI8IT

2

1. 2E0 mE EXpeot

F 797ke] ZALE EUE § yidol Lol Wal=
Aoz Bl mel e AJolE BYa wol &
7t EES As] FREICE WG} Ao
IF 19 F 50% oPde) wE dolE B2l whd
AFANE Dot WA olFolFar, 223X
= 23R oA a5 R}, WAl Aasgto bt
F 39 F 2% o) welEHNen, Bhe EFd)
0] I 49 Fo] wolA|e} Hzutolgo) o)
= A A L90thFig. 1).

FAE ol FEH dAB A HAFig
2) HagT g el DSE AYsly BE
FENA 2E 29 FRE ke 50% oldelien
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Fig, 1. Change in mean germination percentage of various
lettuce cultivars affected by light quality. White: white
fluorescence (20 w), Red: LED 660 nm, Blue: LED
460 nm, Far-red: LED 730 nm.

HZ Lol = A EFoNA 929 oPFo = &5
Ao ditPe] F5oA 3% 2d 39 =)
Wolr} 9hxe] § BAa @] -uA APH o,
53] ‘DS9} RUE HFdolgs widsg) ol Hasy
7} Bl 26% o WAl VERT. 28] e
ofi= U)e] FEdA] oyl JAHAAT «CG=
78%2] FE oSS Uehlo) O 39 vluws) &
olelA7} dojuA] P& Ao AZHIUT ‘OD'E
63%, ‘MCE 48% o o] ZZa3o] sl
TR FEEE AaET

2. MEXHN Mol e SKHLot

HEo) EZo|x] BAPY kinetin® 22453 3}
A dolEZ 3= UERNSI2 1} ethephon Aol M=
FAe 7ol el Ao a3kt Ve bR B3dth 9F
49 £ BAP A &= F 7EENM FxlElTol
Ha] frejide] Q=T Kinetindll &3 Wol&X1E
FE ‘CG, ‘G, ‘DS'E ALlStL B EZ0A <
AEden, B3] ‘oG FAel7et Bl BAP,
kinetin®l] 2J3F WolEHNEIT}L 70% ©)14F o).
AT ethephon Aele] E3= E& FEA vehd
2 itk T 79 & BAP e & 8EEo|A,
kinetin X2l= 1053004 X271 FoAdo] gl
Aok Tz BY DSE BE EHY AAEAA)
A 5ol Adggle] Wk BEsIAtt. oo nkal
‘OD’2F ‘OG'+= BAPS} kinetin ol o) FHEdt
o}g-0] 90% ooz w9 UYFEA IEFHAUTG
(Table 2).
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Fig. 2. Changes in germination percentage of various lettuce cultivars affected by light quality provided by LED lights.
Germination percentage was obtained from 50 seeds with 3 replications per treatment. White: white fluorescence (20 w),
Red: LED 660 nm, Blue: LED 460 nm, Far-red: LED 730 nm.

ZHAF sl REF RLS Uz 3 A%
ZZ3AY] A ZdI= Table 3% Zo). HHFHo
cytokinin A8 AFZAAY Hele BE TR
A BT} vl A] o} 2 GARHESHASS £
Jsler, 53] TDZ71 AlY E37) )= A=
ERT}. 7184} ethephon X2jol| <Jsi e 22 Ao
A3 WolAA7} FRHEA G%Th. ‘RE= BAP g
Al 25mg-L7! o]8t AeTolA oyt FT7IEIAL,
kinetin 5, 25, S0mg-Lol|4 ol = FFHlolgo]
60% ooz UEltoH, TDZE BE FEH9olA

70% oVde] FEgh WolHle}l HEF S-S VERAI
t}. Zeatin®] A9+ 25mg L' oiFe] oA 3]
Aoz aAF7} Yot Fo wE FoAdLe veht
2 It AAHEEEE T3 cytokininF M7t
Fxjg] 7o) vl A eRem TDZ 100mg-L'ol
A 60%Z 7FE EQkTh RLQ) WolA|e} HEHlols
€ BAP Img-L'oA, FAFREEHEELS TDZ
smeg-L'ol A 73 =A YT SR 25mg-L!
oA} 713552 BAPS} kinetin Img-L' ¥ 25mg L™
olte] WMol doly B HFdolgo] o=
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Table 2. Germination percentages of various lettuce cultivars affected by BAP, kinetin, and ethephon treatments under far-red

light.

No. Cultivar Germination (%)
Control BAP* Kinetin Ethephon
4 days after sowing
1 MC 3200 293b 76.0 a 3930
2 JS 12.0b 413a 493a 73b
3 CG 753a 56.0 ab 673a 433b
4 GR 0.7¢ 10.7b 207 a 20¢
5 GT 0.0b 20.0a 14.7 ab 0.0b
6 DS 0.0b 00b 1.3b 00b
7 RE 18.7b 447 a 653a 1730
8 oD 58.0b 940a 94.7a 69.3b
9 RG 0.7b 6.0b 16.0a 1.3b
10 BM 40b 213a 273a 8.0b
11 RL 0.0b 6.0b 16.0a 0.0b
12 oG 10.7b 86.7a 86.7a 93b
7 days after sowing

1 MC 32.7b 30.0b 84.0a 3930
2 IS 133¢ 453D 70.7 a 80¢
3 CG 793a 64.7 ab 76.7a 48.7b
4 GR 13¢ 17.3b 353a 33bc
5 GT 0.0b 30.7a 36.0a 0.0b
6 DS 00a 47a 173 a 0.0a
7 RE 1870 573a 76.7a 18.0b
8 oD 6130 96.0a 953a 720b
9 RG 07c 113b 447 a 20¢
10 BM 47c¢ 353 ab 58.7a 133 ab
11 RL 0.0b 73b 26.0a 00b
12 oG 10.7b 92.0a 92.0a 11306

*All PGRs were treated with the concentration of 50 mg-L™".
YMean separation within a line by Duncan’s multiple range test at 5%.

HoIL, zeatino|l M= €} A&7l 8IS} 1mg-L'9]
AszolA dopt AsiEle Aog AR g
FHESEEE AGFA] vk o] Woles) e
FdE eI RLY] B9 RE HIs| AlLo]
AGTE Wolgo] ey} 224 Sl A=A
o] &3} Brt HH3] vehks AeE =AU
BAPS} auxin A€ IBA, 2,4-D 18|37 NAAS ©
& e 8319 AMg3kE A9 TS JEld E
= RE9 ‘R 25 auxin AlGe) ARZA B
= BAPO| 93] wolr} #-Eon, awxind}

BAP2| Eg&x]2ol| 98t Agadh= Falo] VYRR
R3tt. REE 24-D 0.1mg-L'$} BAP Smg-L'&
£xg] A dold 60%, A2ols 711%E 7K =
tom FAGHEFESLS BAP Img L &g}
37%2 Y53 T8 RAFA oL BAP Img-L!
o g&x7] 9@ BAPY IBA, 24-D, NAAS E&3gj9}
Hl3 Al Fojxi7t QI8ER] eight}. Auxin AlE A%
FAAE SHE St 25 HIssSA v,
HE Img-L7! Bt 0.1mg L' doPdsaart
Y= E8AE] Al ¥R IBA, 24-D, NAA
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Table 3. Germination and normal seedling percentages of ‘RE’ and ‘RL’ lettuces affected by various cytokinins and ethep-

hon treatments under far-red light.

‘Regina’ (RE) ‘Red Lollo’ (RL)
g;f;frilir;t Germination (%) Normal - Germination (%) Normal
4 DAS* 7DAS seedling (%)’ 4DAS 7DAS seedling (%)

Control 23.3 hi* 23.31j 21.3 f-i 0.0f 00e 00f
BAP 1 62.0 b-e 72.0 ad 434 a-f 793a 92.7a 35.2 abc
BAPS 69.3 a-d 80.0 a-d 448 a-e 72.0 abc 873 a 44.8 ab
BAP 25 66.0 a-d 713 a-¢e 48.6 a-d 18.7 f 34.7d 12.7 def
BAP 50 58.7 c-f 62.0d-g 36.9 b-h “4.7ef 8.0¢ 22fF
BAP 100 42.0 fg 53.3gh 34.5 b-i 2.7 ef 47¢ 0.0f
Kinetin 1 38.7 gh 393 hi 30.7 ¢ 48.7 cd 60.7 ¢ 28.1 a-d
Kinetin 5 58.7 cf 67.3b-g 36.8 b-i 68.7 abe 86.0a 42.0 abc
Kinetin 25 60.7 cde 753 a-d 28.4 d-i 60.0 abc 66.7 be 21.0 b-e
Kinetin 50 593 c-f 68.7 a-g 23.0 e-i 24.7 ef 40.0d 12.6 def
Kinetin 100 453 efg 593 efg 19.2 ghi 2.7 ef 113e 0.0f
TDZ 1 78.0 abe 81.3 abc 56.7 ab 76.7 ab 90.0a 45.3 ab
TDZ 5 813 a 86.0 ab 49.3 a-d 70.7 abc 873a 48.0a
TDZ 25 80.0 ab 86.7a 52.7 abc 65.3 abc 82.0 ab 31.3ad
TCZ 50 733 ad 78.7 a-d 48.7 a-d 65.3 abc 833 ab 34.7 abc
TDZ 100 78.0 abe 85.3 abc 60.7 a 52.7bc 80.0 ab 30.0 ad
Zeatin 1 54.7d-g 58.0fg 48.7 a-d 27.3 de 31.3d 26.0 a~d
Zeatin 5 62.0 b-e 66.7 b-g 473 ad 54.7 abc 65.3 be 39.3 abe
Zeatin 25 68.0 a-d 76.7 a-f 453 a-e 74.7 abe 90.7a 43.3 ab
Zeatin 50 77.3 abe 79.3 a-d 413 a-g 70.0 abc 893a 30.7 a-d
Zeatin 100 62.0 b-e 69.3 a-g 34.7 b-i 64.0 abc 83.3ab 24.0 b-e
Ethephon 1 16.7 1 19.3 16.8 hi 4.0ef 40¢ 33ef
Ethephon 5 22.7 hi 24.0 15.8 hi 00f 00e 00f
Ethephon 25 21.3 hi 22.0j 19.4 ghi 40ef 40e 33ef
Ethephon 50 1931 207 15.3 hi 2.0ef 20e 0.7f
Ethephon 100 20.01 20.7) 13.71 20ef 20e 1.3f

“Days after sowing.

YNormal seedling/Total number of produced seedlings x 100 (%).

*Mean separation within a column by Duncan’s multiple range test at 5%.

25X BAP 5Smg-L7'9}e] £80] BAP Img-L!
HoE o Wols FMPIE 23E Yehlle] B
A Aol H21EA] 29kE BAP FEZH] zlolr}
=&yith ‘RUS BAP 5mg-L! ehgxjg]ollA] wholA],
FHTHolg R AYRFEZHEE BF /M 5& X2
YERARATE AuxinFRHe D02 H2shs A9l
FAglTe} oo} As Wolr} olFo)x|x] gt} A

FFEEE S-S BAP Img- L' ©&xjEls} IBA 0.1
mg L3 BAP | %¥ 5mg L £&3j8|oAgto]

25% R= oF|FS ¥ o] ATelA @
FAP=E JERNATK(Table 4).

U

P wE §ho) 1o} Aalgol oigh ¥zkyg
AL e dF AP} B SelME o) &
g o= W] ZAle PHolgAle] A9 o
2420 B3 (spectrum)®] FAZ}L AAHA Ege

A o

-
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Table 4. Germination and normal seedling percentages of ‘RE’ and ‘RL’ lettuces affected by various auxins and BAP treat-

ments under far-red light.

‘Regina’ (RE) ‘Red Lollo’ (RL)
Treatment (mg- L") Germination (%) Normal Germination (%) Normal
4 DAS* 7DAS seedling (%)’ 4DAS 7DAS seedling (%)

Control 15.3d* 153¢ 14.7 def 13¢ 2.0de 13e
BAP 1 59.3 ab 60.0 abc 373a 70.0a 74.7a 353a
BAPS5 57.3 ab 66.0 ab 353 ab 48.0 abc 60.7 abc 20.0 be
IBA 0.1 113e 11.3¢ 10.0 efg 0.0c 0.0e 00e
IBA 0.1+BAP 1 42.0 abc 49.3 bed 24.0 bed 573 ab 700a 24.7 ab
IBA 0.1+BAP S5 54.7 abe 66.0 ab 34.7 abe 42.0 abe 56.7 abe 253 ab
IBA 1 80e 87¢ 7.3 efg 00c 00e 0.0e
IBA1+BAP 1 373 be 413d 18.7 de 24.0 abc 40.7 a-e 4.0de
IBA 1+BAPS5 53.3 abe 63.3 abc 26.0 a-d 28.7 abc 413 a-e 6.0 de
24-D 0.1 87¢ 87e 6.0 fg 20c 2.0de 00e
24-D0.1+BA 1 38.0 abc 453 cd 18.7 de 48.7 abe 66.0 ab 153 v
24-D0.1+BA 5 60.0 a 713 a 36.7a 38.7 abc 55.3 abc 7.3 de
2,4-D 1 4.0e 53e 20g 0.0c 00e 0.0e
24-D1+BA 1 327¢cd 39.3d 4.0 fg 37.3 abc 62.0 abc 00v
24-D1+BAS 533 abe 64.7 ab 531g 39.3 abe 52.7 abc 13e
NAA 0.1 6.0e 80e 53fg 00c 00e 0.0e
NAA 0.1+BA 1 51.3 abc 54.0 ad 233 ¢cd 38.0 abc 52.7 abc 6.7 de
NAAO.1+BA S5 58.0 ab 68.0 ab 34.0 abc 36.0 abc 46.0 a-d 10.7 cde
NAA' 1 33e 33e 33fg 00c 00e 00¢e
NAA 1+BA 1 373 bc 393d 27 fg 6.0c 16.7 cde 00e
NAA 1+BAS 42.0 abe 573 a-d 53 1g 18.0 be 24.0 b-e 00e

“Days after sowing,

YNormal seedling/Total number of produced seedlings x 100 (%).
*Mean separation within a column by Duncan’s multiple range test at 5%.

FARS A =7]) o R B %W (Hartman 5,
1997), A% B 2] Mol A E e phyto-
chrome®] #E W3}, cryptochrome T phototropine
o HM3F Foo 7198 ZHE FEEH(Lin,
2002). 7352 AP o] tiRE oy} A H
Ak, 2 3L FEEE Rk, 1 olfe A3
Aol B Iw AR, TR %) BRI
ARE 5 e, BEENE AT 1L V1Y 2 A
= 53] ol SRR A|Yo] XG5 7HAhE ] 6
N ol At EEAEA Bkl FE<U
‘Grand Rapids’®= 220G FA}L 0|3 86% o)
Wolstgre 7497 o)g R Sunki B,
1980). mbA] 5= FAe] ool o g A
PgeolA BEshs AL Fdlor T3 oA 2

AR FH g5 fEd Aol HidsheL Al T
oM g wWEe] AME E=3F A Fart okl
AAZIC},

Cytokinin®] &7} F¢] shtEA S A9 o}
AAEA ABAY AE-S XA a-amylase B
Aol AAE 3EBA|7)3L(Khan, 1968), MERAS =
ANA FA) Fols FIAA § = (Herrera-
Teigeiro &, 1999), & AHNXNE 53] cytokininF
o] Az]o oJ3)) A MFe] FAPLol AAEAT} F
3] A8 Ae oA 71ed faEol Zie] EE|
galA oz A2319]7) Mo g F2H B A
N TR FE5S PSR ethylene M8l
Eo|gngl WolEXaAE YeRNA| it 45 F
Aol A ethylene®] Z+g0] EF 2 seed lotol] we}
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w5 dold 4 Y-8 ‘Grand Rapids’ol] 5E712]
ZANG ZAL ¥ ethylene 10mg-L7'E A3 7%
oyl X5 0 K Speer, 1974), e BoAE=
HolE 537} Il (Abeles$} Lonski, 1969), 244]
3t A 27034 el £ ethylene 2uL-L7'E
223t 23} grass BH] 45T F holAgto] o}
Z70] o]FARZTANE BiE vy} TH(Han,
2002). Auxin MERZT AEY 230 Fosk=
ARZZAA|ZA 2459} B3 auxinol] 2J3F HolE:
8L 32kDa 439 RE polypeptided] TS
FANA 784 DA e e} FRkEo] doj
HrhMacisaac 5, 1996). £ oA FAH ZE
Z59 awxin®] EF= F8lo] JeREA] 9kal, BAP
o o3t elEd A Frgied], 45 A
A= A awin® 2 LT 1AAE 107'M X
a1 Wolg EFAHANKChoi 5, 2003), FEN}A
107M oPde] AHzle welE AAI)E S (Robert-
son 5, 1976) U3 wkA48- Jehlo] glog B
ATARE o]&3lY awxindl] WE EHE THY ¢
g AL Alg FaEojop & Ao 2 AR A5
FAl Qlojr] 2P| o3l e LoldAANY
o] elllle TDZZ) TE¥E AEA a0 YA
BAPE Smg-L oJ3l2 X3l A BhozT wWols
B2 Bjollx] FH3] a9E Jehlglou g AlF
A EgA YR AR § 31T 7R ARG
BAPE o|83lox FHE R0 2 A

¥ 2

AEE A Fol TR FFE, FH
AWAZHED 59 FTE A Pt R FF
S syl A SlME 85% o] Woles
Blor} Fagos golAlZl AglElon, 23
AFAME A9 TE EFA Wolr} ) o} F
o gt woldAEA7} AIAFHIAT. ‘Cheongguang-
cheongchima= 2224 AT 78%, ‘OkdolS
63%, ‘Manchudaecheongchima’s= 48% oJ4e] o}
5 Veho] olE F5L ol EU% FEom B
FEUT. 2P| o} Bz i BAPY
kinetin® FAPHo} B FAFEESEES FN] b

H, ethephonS EF}0|R] E3}$T}. BAP, kinetin,

-G - Ao

TDZ, zeatin®h & cytokininF= 50mg-L7! ©J8}=
2este] 220 23t oA iy} =L
U, IBA, 2,4-D, NAAQ| awxinfe HUHE SEE
& JehiA &3t

ZAo] : Lo}, Bx, B3, WAz WED
A A

o] ATE 20049% 7St ATHIAEAIE
ofal o] Fo)x AYKHU 20040057).
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