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Improvement of In Vitro Seed Germination in Chicory
(Cichorium intybus L.) and Garland Chrysanthemum
(Chrysanthemum coronarium L.)

Hyeon-Jeong Hwang and Geun-Won Choi*
Institute of Life Sciences & Resources, Kyung Hee University, Yongin 446-701, Korea

Abstract. A series of experiments were conducted to suggest efficient in vitro germination conditions to
improve germination rate and aseptic seedling production in chicory and garland chrysanthemum. For this
purpose, various levels of NaOCI concentration and soaking treatment time combinations were tasted. Fif-
teen minutes of soaking treatment with 5% NaOCI solution significantly improved germination and seed-
ling formation percentages and prevented contamination in both chicory ‘Precole’ and ‘Chiavari’ and
garland chrysanthemum ‘Okiku 3”. There was no significant difference in germination response between MS
and 1/2 MS medium compositions, but germination and seedling formation were delayed as sucrose concen-
tration increased. Although petri-dish among various culture containers gave rise to improved germination
responses in chicory ‘Precole’, there was no significant difference in germination responses among culture
container types in chicory ‘Chiavari’ and garland chrysanthemum ‘Okiku 3’. The ultrasonic treatment stim-
ulated germination and seedling formation in both chicory cultivars but there was no effect in garland chry-
santhemum ‘Okiku 3’. The results suggested 15 minutes with 5% NaOCl for seed sterilization, 1/2 MS
medium with no sucrose and petri-dish as proper medium composition and culture container, and 120 min-
utes with 5% NaOCl solution of ultrasonic treatment as promoting method for in vitro germination in chic-
ory and garland chrysanthemum.
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1996), A& o] FARI 75 FAug A
FAg elske v 63 AeE 44 o
(Drew?} Brocklehurst, 1987). = ThE RWPHO A %
SIS FA Agshe At ol 1A X ¥
e LBEAS ol Al # a1, 259t d¥zt
88 doA dop} ol b 59 FA| o] B
o}A 221 EEtAV WolE-S FFIAITIE WL
2 339 v} tklee 5, 1998; Bang, 2002).
olge 7t FHE 9 FFo| Wolaysd we I
2 4 elgE7IE AMESlor dhatl 1 olf=
£7] Ul s QR A ge W Pe A
olgt F7IRA, T2 IR ol FAH, wds
A3l F71ET 2 5ol THE vIAE A8 Wi
ol (Bhojwani$} Razdan, 1996) Zol3t7e] TZs}A|
TSI Ak 79 dolg 9 AARES] A
Asld 4 917] wEo|ci(Carpita®t Narbors, 1976;
Kim &, 2000). 22} XAz} 22t Fxje o]
7ol 2 REFAY 53 B[S A7 RS ¢
PEATE 2T & oz A ME=] 9l
< B(Park¥} Lim, 1999; Tien %, 1997; Wim %,
1999) FAHIAHRI A= wilg- FFH oIt

mepr] £ d7e XA S5 tPke s &9y
Q1 NaOCl &=F=et ARE, AR do} vjAje] =
A2 M eR8TY] R, TR 259 A 7}
TR 55 RARI JMERE A dolg € REEA
£8 PP, 29L FHFo R Zof AT A
Ao FARE 7FsA 7] A% 5HE 7RI 53
L3 ei= 8

T

1. BAX=

U FEEL e I35 AR T AARFRERE
QXA B (Cichorium intybus L. var. foliosum cv.
Precole)?} BRE]| XA &l (Cichorium intybus L. var.
sativus cv. Chiavari)E ©]-83}x, &7t ZJ%7t
(Chrysanthemum coronarium L. cv. Okiku 3)& A}
B35t AARE ofgeloliA, &7t dRoA A
T Zo8A, BF 2008d%0 ¥HH FFES F
et A&

HY

2. NaOCI0l| 2|8t BXf45%

RE ZA= 12 EAE 70% ethanolol A oF
225rpme] HEE 187 253931, NaOCl 273 A
Yo A AFE 3 0, 1, 5, 10%Y 47
2 343" NaOCl(sodium hypochrolite  solution,
Duksan Co., Korea)®l
sorbitan monolaurate, Duksan Co., Korea)S 1-2 1
£ FA713 N9 158 = 308 ZAE 225mpm
&5 g 550 2% A5S AARBI o|FA A=E
FA= HEE 53] A T 9EsIg o] ¥ X
3E gt 7[gkE FRdx e TR &% §EE
NaOCl 5%Z 3l 1583 X & Aol 283t
Ack. HlERAL 2040.5°C, 1617 B el 9%
ZAL FARIEE 3l F 1097 vl gt

Tween-20(polyoxyethylene

3. HiX|Z=S 9 sucrose SE

235 wRZA 2 sucrose T ARES H3
ZH)E 712 MS HiA)(Murashige?} Skoog, 1962)
o] =g |2 AME AT 1 TS 128 9
Aoz B3I, sucrose= 0, 1, 3% 3FF0=2
TABITE ©o] F FPd okt 7ERE ARCME
sucrose’} A7FEA] &L 12 MS HiAE 71EoF A}
835t

4. Hi27|

Aol AHEH 87 F 47FAEA] petri-dish
(Medi-land Korea Co., Korea, size: 90x20mm, vol-
ume: 120mL, quality: polystylene), Magenta vessel
(Magenta Co., USA, size: 60x60x100mm, vol-
ume: 400mL, quality: body-polycarbonate, cap-poly-
propylene), ®} Q= (Mayonnaise vessel, Korea,
size: 80x130mm, volume: 570mL, quality: body-
glass, cap-polypropylene), AFZ1H(Squre vessel, Korea,
size: 90x80x150mm, volume: 870mL, quality: body-
glass, cap-polypropylene)® 241 8719 B, A& &
e Tkl PAskgch 2 k8] B A
23 T TisE HARME petri-dish?He- AHE3}
k.

5. 221} 12|
FA)o) 285} A7) HHE Loty Slol 22
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XA (Cichorium intybus L)} %724 Chrysanthemum coronarium L)) 71 Fxpto} 744

] 7](Hwashin Co., Korea, size; 300x155x150mm,
volume: 5.7L, frequency: 40KHz)E ©]&3t o,
10, 30, 60, 12083t 253 AEE HAlsiH o o
o] 8ui= NaOCl 0 B 5% 8949 2558 A}
&3ttt Zhzte] FAle 289 A8 A 0%
etheanolol] FAJ3te] 11 M3 & FHTE A9
S} 5% NaOCl §HollA] 1587 A58 HA)siy
Aol ARE3FT

6. ZAL ¥ SAXzEI

EE AR 2594 akEo g F 33 AAEe
o Ak 3 39, 6%, 10 Foll Zh2 Fxje] @
o, FHEAAE, L98S e, ZAPIEe
Tokgo] A9 fe] 2mm P EEH Ao o}
H Ao® 7R, REEANES ol 3 =)
HiS g ] Apgge] v} ek Ae pAdn
g o= d9on, LA8L FA; Fo) A
ol WE FAE Alo] S431t). dnol Ui 5
AXE= SAS ZZ I (ver. 9.1)E ©]83] Duncan]
th% 774 (Duncan’s Multiple Range Test, DMRT)%}
Mo 435

3 3 nF

1. NaOCl| H&E x2ls=2t AlZH ZHA

Table 13} o] XA F FF EF NaOCl 1%
oslE Tt 5% ol AelTe Wol 2 FEIAE0] &
33 Aoz Yehgton] AZAZRE NaOCl 5% o4
A7) e 308 Bk 158 At 28 Ans
B2t 2988 FHEloMe v 108 &
oF 60% o TSI O NaOCl 1% o A3
Aol TAEA kot MAH R Chiavari=
‘Precole’e]] HIF| woktr W Fzulolgy) SR EA]
& B5 A3 Holdth £t Okiku 32 3£ 10
Y F NaOCl 5%, 158 Hz72] 7§ wolgo)
473%71A) o|2R a1, $BEAE E3F 433%FA B}
ATER vl Al Felido) A Z7tolA A
ZAR) WE Aol XA “Chiavari’} Zo] B
3] VEREA] @it 2988 1% 3 FRE X7
5ol vl oF BAER oY NaoCl HdsES
5% oPdoZ =lo) wehr MR} At

A Y 27t ZF NaOCl 5% o ATl
2 o} 1 {FEIAES Bl A 2P A=
B ol FAHEA NaOCl 250 o8] &
o] AAHI L, ] T3t AfE|o] FAg]qte] B
3 ool A3 o] AE glog Eadd.
o9} HAKF Hale Kim¥ Lee(2001)7F Cucumber
Green Mottle Mosaic Virus(CGMMV)?]| Z2€ 4} =
A5 dPdO = NaOCl A&7} Fatzjo]A|gt ¥e] vt
Aol F27} drka SEA, 5% NaOCIIA 6087t
o] AR 2 v AN (Lbeliophyllum disticum) EA}
o] wolgo] 95%71A] gE oAE BIA(Kim
Yoou, 1998) ARE vl7} et &Zto] X|Ael] H]
8 o] o] TAHAA o= JHF 544
E2} 258 ) E (Kim 5, 2000) WHE3F &
ko) Azl vig] LGB & AAFHA % F
A7) o E FEHUIL g XA ) HlE) F4ke]
29 A A4 F2p) AR s oo} F4)
2] 88 2 FAE7}F Bojx(Thiraporn 5, 1987)
0% B 290] HAHIAS AoF AL

B A9 nlEo g AF NaOCl H#s 5%, 155
o] XA 3t BF AME 4 Sl AAElE
31 7= Q.

H

o

2. HH fX[=M ¥ sucrose = #HH

XA ‘Precole’ WF 6AZTHE sucroseE 75t
72 k& MS Z 12 MS AT 12 MSY
sucrose® 1 = 3% 718 AHg7EdA] 12 ol
9 FEAES JeRYeH, 53] MS HiAE ARE
3= 749 sucrose 57t HE5TE dot 2 1HE
&o] Ashdo] Fglo] Vepston g 10¢5o=
L FS FASAEY 9F 10Y & dols
sucrose’} §= 172 MS 8iX]ollA 79.3%, FH 3
L sucrose’} Y= MS HIR|NA 553%% 7 =9
). “Chiavari’®] 4% 3F 6Y 3HE sucroses
7kelA 2 MS @ 12 MS EiR|olA] wo} 2 5
FAdgo) g ATl vlal @A3] %o, #E 10
Y Tz 22 B BTk £7t ‘Okiku 37904
 3E 39 32H 12 MS HIAE ARshe 4%
sucrose T/} EOIALE ol P AFo] ==
Fgo] HAHN oM, IF 104 714 o]t w3t
7} |2 FAERT LFE-S XA A wiRI=
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Table 1. Effects of NaOCl concentration and treatment period on germination, seedling formation and contamination per-

centage in chicory and garland chrysanthemum.

NaOCl (%) Germination (%)* Seedling (%)’ Contamination (%)*
+time (min.) 3 days” 6 days 10 days 3 days 6 days 10 days 3 days 6 days 10 days
Chicory ‘Precole’
0+15 13 d 4.0d 10.7 de 00a 07¢ 6.0 c 22.7a 373 a 60.0 a
0+30 33 cd 404 93¢ 0.0 a 13¢ 33¢ 14.0b 400 a 58.7a
1+15 2.0d 40d 10.7 de 0.0a 0.0c¢ 27¢ 00c 000 0.0b
1+30 53bcd 18.0 be 233 cd 0.0a 73b 180 b 00c 00b 00b
5+15 80abc 287a 453 a 0.0a 80ab 300a 00c 00D 000
5+30 60bcd 133c¢c 28.0 be 0.0 a 6.0b 200 b 0.0c 0.0b 00b
10+15 10.7ab 247ab 46.0a 00a 10.0 ab 313a 00c 00b 00b
10+30 127 a 253ab  38.0ab 00a 127 a 253 ab 00c 00b 00D
Chicory ‘Chiavari’
0+15 00a 13 cd 13d 00a 00a 00d 213 a 320a 73a
0+30 20a 4.0 ad 6.7 ¢d 0.0 a 20a 4.7 cd 16.0 b 26.7b 700 a
1+15 0.0a 0.0d 47 cd 0.0 a 00a 0.0d 00c 00c¢ 00b
1+30 00a 2.0 bed 8.0 bed 00a 0.0a 53cd 00c 00c 00b
5+15 00a 6.7 ab 18.0 ab 00a 00a 10.7 abc 00c 00c 00b
5+30 13a 53 abc 147 abc 0.0a 0.0a 6.0 bed 00c¢c 00c 00b
10+15 27 a 87a 220 a 0.0a 27a 12.7 a 0.0c 00c 00b
10+30 20a 80a 253 a 0.0a 20a 12.0 ab 00c 00c¢ 00b
Garland chrysanthemum ‘Okiku 3’

0+15 4.7 cd 8.0c¢ 13.3d 0.0 a 00e 6.0 de 420a 440 a 86.0 a
0+30 73 cd 10.0 be 11.3d 00a 3.3 cde 6.7 de 3130 46.7 a 84.7 a
1+15 274d 27¢ 6.7d 0.0a 2.0 de 33e 213 ¢ 353b 44.7b
1+30 13.3 be 18.7b 27¢ 00a 87bcd 16.0cd 33d 140 ¢ 193¢
5+15 233 a 28.7 a 473 a 0.0a 313 a 433 a 27d 2.7d 53d
5+30 207ab 293 a 393 b 0.0 a 100bc 3070 474d 0.7d 2.0d
10+15 18.0 ab 387a 45.3 ab 00a 47¢d 313D 0.7d 2.0d 20d
10+30 17.3 ab 34.7 a 44.0 ab 00a 147 b 25.3 be 00d 0.7d 2.7d

*(Number of germinated seeds / total number of seeds sown) x 100.
Y(Number of normal seedlings / total number of seeds sown) x 100.
*(Number of contaminated seeds / total number of seeds sown) x 100.

“Days after sowing.

YMean separation within columns by Duncan’s multiple range test at P=0.05.

48] zpolrt VERARA] edgkom, &zl AE 3E 10
AE sucroseZ H7IEHAl 22 MS Z MS+sucrose
1% AZTolA 11% o)1 23 HATHTable 2).

dubF o2 AP} Wolshs Hlole AUkl R
e I8 A i e AR 21, 5
Foll I5HQ A AR dolewr) dasi
(Choi &, 2003). 224 7IUIEHL Q191902 A5
o a3 7% U124 € duAdezs 7 F&
olg3rle] AEYe] & HHE AAHA HEE

(Bhojwani®} Razdan, 1996) 730l w7eHA wkg-3}
= T3} FA] Wolgeagleo s UiFE § St
meb XA 2 5t FAe] 9F) 910 sucrose”}
H7YEA] 92 12 MS HIAE AMEShRe Zlo] ol
g SPIAE g wol D FEIYS 715A
shs 20 AFT

3. MY ufE7(e) HH
ZAE] ‘Precole’ol| X #F27] Wol & FEEAE
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KA (Cichorium intybus LY 74 (Chrysanthemum coronarium 1)) 710 FAPEo} 7|4

Table 2. Effects of sowing medium composition on germination, seedling formation, and contamination percentage occurred
from seed itself sterilized with 5% NaOCl in chicory and garland chrysanthemum.

MS+ Germination (%) Seedling (%) Contamination (%)*
sucrose (Yo) 3 days® 6 days 10days 3 days 6 days 10 days 3 days 6 days 10 days
Chicory ‘Precole’
MS+0 28.0 a¥ 56.0 a 713 ab 20a 320a 553 a 0.0 a 13a 13 a
MS+1 18.0b 38.0b 573 b 0.0a 18.0b 35.3 be 0.0a 00a 0.0 a
MS+3 33¢c 173 ¢ 300 ¢ 0.0a 40¢ 227 ¢ 00a 00a 0.0a
12MS+0 260a 50.7 ab 793 a 07a 26.0 ab 533a 13a 13a 13a
12MS+1 180b 46.7 ab 61.3 ab 00a 24.7 ab 513 a 00a 00a 00a
12MS+3  22.7 ab 42.7 ab 5870 13a 233 ab 473 ab 00a 0.0a 00a
Chicory ‘Chiavari’
MS+0 33b 22.0 ab 473 a 0.0a 10.0 ab 21.3 ab 0.0a 13a 13a
MS+1 27b 12.0 be 32.7 be 00a 20b 16.7 ab 00a 00a 0.0a
MS+3 00b 93¢ 20.7 ¢ 0.0a 13b 1130 00a 00a 0.0 a
12MS+0 10.0a 273 a 447 ab 0.0a 153 a 30.7 a 0.0a 00a 0.0a
12MS+1 6.0 ab 153 be 307 ¢ 0.0a 6.7 ab 133 b 13a 13a 13a
12MS+3 33D 14.7 be 30.7 ¢ 00a 20b 20.0 ab 0.0a 00a 0.0a
Garland chrysanthemum ‘Okiku 3’

MS+0 29.3 be 50.0 a 540 a 13a 340 a 447 a 00a 14.7 a 173 a
MS+1 333 ab 38.0b 453 be 00a 36.0a 380a 00a 10.7 ab 113 b
MS+3 19.3 d 3730 40.7 ¢ 0.0a 73 ¢ 22.0Db 0.0a 60D 4.7 ¢
172MS+0 400a 48.0 a 49.3 ab 0.7 a 353 a 40.7 a 00a 6.7b 6.7 be
12MS+1 333 ab 393 b 48.7 ab 0.0 a 26.7 ab 380a 2.0 a 87b 8.7 be
12MS+3 220 cd 30.7¢ 38.7 ¢ 00a 16.0 be 22.7b 0.0 a 800 6.7 be

“(Number of germinated seeds / total number of seeds sown) x 100.
Y(Number of normal seedlings / total number of seeds sown) x 100.
*(Number of contaminated seeds / total number of seeds sown)x 100,

“Days after sowing.

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

< 87 Fodo] YeRR] edskot B 6 &
petri-dish®] Wolgo] IH[T, 3F 104 Fole=
71.3%7H] 22gkom, FHENSE 56.7%% B &
719 Hl& §-227F AAHFH AT Chiavari ol A=
petri-dish 9]0l = PRaU|ZR o Alzi o] HFuols
2 fFrEIYES = velEth 2%t Okiku 3°9]
A5 9 6d SRHE EE ulggr)e] dols 2 #
HE34&0] 124 Jepdth 0H 8- BE AT
A1 S AU 6% ofstE HA| ZAR o] 871%
Foll |2 frelde] QA=A Wkt (Table 3).
dube o IPulek A WiV Ru)7) 45
27102 22 ethylene, CO, 71 55 & F4A)Y
I A, WS o B RIS o) 8%t 4= gl
2ol A3} go] o= AR dA vk

(Bhojwani®} Razdan, 1996; Koazi, 1991; Nguyen
5, 1999). T1eht ojejgk 8719 Mee] g, Wi
7kF 2 AAA L =217) Tl M) gElor g
0] A¥ ujgolA 87x15mme] petri dish7}
60x 15mm 7)9] AHCE o] Do) T AA =3
the HueKLee®t Kim, 2000), Kim 52000y A
S F3) on) AR vt Aok wAERR] A)HE
oF 2zke wol Wl fuay A wfkgr]e] Fah
ol ¥rkE WIS UeRiR] A, 7z
T84 AEAYE e 3 3P3AY S (Dooley,
1991; Fujiwara 5, 1989y7FA] 1e¥HHA petri-dish
7} 71 S A% 7R ulEe eigerleal &
=T
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Table 3. Effects of culture container on germination, seedling formation, and contamination percentage occurred from seed

itself sterilized with 5% NaOCl in chicory and garland chrysanthemum.

. Germination (%)* Seedling (%) Contamination (%0)*
Container type
3 days” 6 days 10 days 3 days 6 days 10 days 3 days 6 days 10 days

Chicory ‘Precole’

Petri-dish 28.0 a¥ 52.0a 713 a 13a 340 a 56.7 a 00a 00a 00a

Magenta 173 a 3670 5870 13 a 187b 373b 00a 00a 00a

Mayonnaise 18.0a 40.0 b 580D 00a 18.7b 4330 00a 00a 00a

Squre 22.0a 373 b 5730 0.7 a 25.3 ab 460 b 0.0a 0.0a 00a
Chicory ‘Chiavari’

Petri-dish 2.7a 18.0 a 387a 00a 2.7 be 240 a 00a 00a 00a

Magenta 2.7 a 6.7b 247 b 0.0a 13¢ 1400 00a 00a 00a

Mayonnaise 13a 80b 380a 00a 33b 200 a 00a 00a 00a

Squre 40a 16.7 a 36.7a 00a 60a 20a 00a 00a 00a

Garland chrysanthemum ‘Okiku 3’

Petri-dish 413 a 533a 233 a 0.0b 40.7 a 48.7 a 27a 27a 2.7 ab

Magenta 420 a 50.0 a 213 a 40a 40.7 a 46.0 a 0.7 a 07 a 0.7b

Mayonnaise 40.0 a 500 a 180 a 20ab 373a 46.7 a 00a 2.7 a 2.7 ab

Squre 273 b 427 a 233 a 130 327 a 413 a 2.7 a 33a 6.0 a

“(Number of germinated seeds / total number of seeds sown) x 100.

Y(Number of normal seedlings / total number of seeds sown) x 100.

*(Number of contaminated seeds / total number of seeds sown) x 100.

“Days after sowing.

*Mean separation within columns by Duncan’s multiple range test at P=0.05.

4. =80} X2| &7
259 Azl oJg XAz ol & FEIFES
NaOCl 0% BTk 5% 88 AMS-3la Azg|A)zto)
A4E o Frheke e UMY XA
‘Precole’ol| A Wols-2 1 30 FIRE NaOCl 5%,
Z250 1208 AEgE Aol 7P xR or, HERAL
Yol Holgo] 90%, FEIFET 733%7HA 28
At Ty o33 Woke2 NaOCl 5% 89iE A
|3 e Al 2 NaOCl 0%, 229} 608 3g)
T BAA A7t gldeH, FEFAHET NaOCl
5%, 2= 60 2 1208 Xl foiz) 94
A dtt. Chiavari’dlAE 32 6 & NaOCI
5%, 253 1208 AelTte] dolgol & °«W
o] Yo}, wF 10d Foll= NaOCl 5%, &2
3 12082 g Bk ol)g} NaOCl 5%, 283} 30
2 NaOCl 0% 253 1208 HFAME %5
g olgS BRIt RIS 35 109 &
NaOCl 5%, 285} 1208 H277} s8%2 714 %
33} €7t ‘Okiku 3°9] 79 7% 109 ¥ i

9] AjFellA NaOCl F= H 253 A Ak
e o7} BAZHCE A dtor, FEIEA
£% NaOCl 0%, 225 30 2 12082 ¥3H51
NaOCl 5% S0lE AME3F BE XM 12 £
FE VeI 2 F9&-e XA S} FEEH &
FoA FAETE At v ATEolA
o] =R ot 25Tt A A Sule] FE
Tl M2 zpo)7} gle AoE FAE AT Table 4).
ZA)e] Lol E Q8 229 M o83 A7
£ Lee 5(1998)°] &M Cymbidium karan) TAE
ez 20 AEd o] Tl vd) of 55
Hje] ol 7 RYrhs B¢}, Bang(2002)°]
AR (Cymbidium encifolium)?] 30% o9 2S5
A7t E3Foldve Bart AaL, oljelle sfut
27 )(Tuders} Toana, 1973), A FZ(Miyoshi®} Mii,
1988) oA AR AEo] AP Bavt QL
At B ATE B3 I3 TR o] 2591 A
7t 7¥Pstr, L MRS 1208744 A&l
ol 2 R A EAVE gle Ae= AN

by
A=A
71

‘u il

>

-302 -



XA (Cichorium intybus L)%+ Z:7H(Chrysanthemum coronarium L)2] 7|W Fxpdo} 74

Table 4. Effects of ultrasonic treatment on germination, seedling formation, and contamination percentage occurred from
seed itself sterilized with 5% NaOCl in chicory and garland chrysanthemum.

NaOC (%) + Germination (%)* Seedling ( %)” Contamination (%)*
ultrasonic time (min) 3 days®  6days 10days 3days 6days 10days 3days  6days 10 days
Chicory ‘Precole’

0+0 147d" 2674 28.0 ¢ 00a 173 d 213 e 233 a 373 a 46.7 a
0+10 273bc  447bc 647D 0.0a 28.7bed 49.3d 00b 00b 00b
0+30 28.0abc 427 ¢ 62.7b 00a 30.0 bed 48.7d 0.0b 0.0b 0.0b
0+60 30.0 abc 52.7abc 72.0 ab 0.0a 30.7 bed 56.7 cd 00b 00b 00b
0+120 273bc  553abc 70.0b 00a 28.7bed 52.7 cd 0.0b 00b 00b
5+0 273bc  433¢ 70.7 b 2.7 a 273cd 4874d 00b 00b 00b
5+10 32.7abc 56.0 abc 76.7 ab 1.3a 34.7 abc  62.0 be 0.0b 00b 0.0b
5+30 247cd 480bc 76.7 ab 13a 267c¢d  513cd 00b 00b 00b
5+60 380ab 620ab 74.0 ab 07 a 420ab 68.0ab 00b 00b 0.0b
5+120 393a 66.0 a 90.0 a 13a 46.7 a 733 a 00b 00b 00b
Chicory ‘Chiavari’
0+0 127 cde 247 e 393 ¢ 0.0a 113 ¢ 287 ¢ 10.0 a 120 a 233 a
0+10 153b-e 327cde 5200 00a 16.7 abc 34.7c¢ 00b 00b 00b
0+30 120 cde 333cd 5400 00a 16.0 abc 34.0¢ 0.0b 00b 00b
0+60 147b-e 407bc 5730b 00a 18.0abc 353 ¢ 00b 00b 00b
0+120 20.7ab 42.7b 64.0 ab 00a 14.0abc 42.7b 0.0b 00b 0.0b
5+0 113de 280de 5270 00a 127 ¢ 340 ¢ 00b 00b 00b
5+10 18.0a-d 36.0bcd 60.0b 0.0 a 153 abc 453b 00b 00b 0.0b
5+30 87¢ 387bc  64.0 ab 00a 18.0abc 433D 00b 00b 00b
5+60 233 a 393bc 600D 0.0a 207ab 46.7b 00b 00b 00D
5+120 18.7abc 553 a 753 a 00a 22.7 a 580 a 00D 00b 00b
Garland chrysanthemum ‘Okiku 3’
0+0 16.7 d 26.7d 347 ¢ 0.0a 187 ¢ 227 e 187 a 273 a 373 a
0+10 173d 340cd 38.70bc 0.0a 18.7 ¢ 333 de 00b 13¢ 270
0+30 380a 56.7 a 613 a 00a 36.0ab 533a 0.0b 00c¢ 00b
0+60 240cd 373 bed 373 be 0.0a 26.0 abc 353 cd 00b 00c¢ 00b
0+120 300abc 433bc 480abc 00a 3330 42.0 a-d 27b 67b 87b
540 253bcd 473 ab 52.0ab 0.0a 247 bc 433 ad 00b 00c¢ 27b
5+10 333abc 400bc 467abc  0.0a 32.7ab  40.0 bed 0.0 b 0.0 ¢ 33b
5+30 340abc 493ab 52.0ab 0.0a 373 ab 467 ad 00b 0.0c¢ 0.0b
5+60 333abc 44.7abc 493 abc 00a 373ab 413 ad 00b 00c 00b
5+120 36.0ab 567 a 613 a 13a 387 a 49.3 ab 00b 00c¢ 00b

“Number of germinated seeds / total number of seeds sown) x 100.
¥(Number of normal seedlings / total number of seeds sown) x 100.
*(Number of contaminated seeds / total number of seeds sown) x 100.
“Days after sowing.

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