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Presown Seed Treatments to Elevate Seedling
Emergence of Codonopsis pilosula Nanne

Jin Ho Kang", Young Do Shim and Byong Sam Jeon

Gyeongsang National University, Jinju 660-701, Korea

ABSTRACT : Germination of Codonopsis pilosula seeds and afterward their seedling emergence have
been occasionally very poor due to their dormancy and structural defects. The study was done to
determine the treatment effects of priming, GA,, agitation and washing during and after priming,
drying and water imbibition after drying on germination of its seeds and then of the successive three
combined treatment after priming on the its seedling emergence to model its presown seed treatment.
While agitation at the speed of 10 rpm was made or not, priming using Ca(NO,); and GA; under their
different concentrations and light quality illuminated for 12 hours a day were done separately. Then
their two best results were compared to determine the better one. Using the above determined best
result, washing was done 3 minutes in the tap water or not, and drying of washed seeds was made
under 4 different lights, and water imbibition of the dried seeds with differed period were successively
done to deduce its presown seed treatment.

In the comparison of the best germination rate of priming and GA,;, the former showed
considerably higher rate than the latter; the priming treatment was done at agitated Ca(NO;), 150 mM
solution under darkness or 12 hour red light illumination a day for 2 days. Washing after priming
enhanced the rate compared to no-washing. Drying was the best way at which seeds washed were
desiccated under 35C and 4 hour red light illumination. Water imbibition immediately before sowing
must be made for 2 days. Seedling emergence rate was the highest at the seeds from successive 4
treatments, priming, washing, drying and water imbibition before sowing of two others, the priming
and washing, or the priming, washing and water imbibition, meaning that its presown seed treatment
must follow the procedure of the above 4 successive ones.

Key words ; Codonopsis pilosula, Priming, GAs;, Light quality, Drying, Imbibition, Germination, Seedling
emergence.
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@A 32 Uetel ANFA 252 FEAEL
SebA, QYT ByolH, WAL SNt HYo
Hsho] A 715 & Afelr] WRo| T2 AR
YR AN ARG ek T B A A
Adsfelol S AAZY St FAY 7274
AN MEHE JEEFoZA AL v 5]
g, Wk AE 49A gk EE 718 £
T3 Bk FA FHoz AD wolgow

23 TA AT
Bad3 o (F5EFF4, 1989; Kang et al.,
1997b). v Te] IREFS FAY 723

AR FA FRHA ot Boh § JFS
W7 g o] BEA AA FAMYE T A
FEE FEE & UE Ao (FEEF Y, 1989;
Kang et al., 1997a, 1997¢).

dol& S Fol7] AT HFH FAANR g
£ - 3183 W0 ARiH 1 gloy watEA)
HolgE 2ol7] Y3 AT BA % Holg
(Bewley & Black, 1994). wHitE£zato] ol g & &
ol7] 1&g A Y NEAHE Tt FolH
22 20~25CoH (FEFIY, 1989), Lol&e
BEFD ALE AT A S A5 IR FA 3
Av, A4 F dolrldA e 1Y 12413k Wel 3]
= Z2A90A 7V =34t (Kang et al., 1997d). w1
A FAETE FFH FAAYE Wolgo] i
5= priming& KNO;E = Ca(NO,),2 AT 4
S FAHE Aeg Rug3 Yt (Kang et al.,
1997a). BFA GAE o] &3 FAA = 20T A
0.1 mMoll 447 A& 74 $ Wolgo] 71F ¥R
ou MF FAY] GE7} dotH 7] wjFel 343
Agdte o] 7H vt g Aoz AA g
v} 3t (Kang et al., 1997¢). °o|&{d A+Z4=2
FH dFo2 $43 Ao x2d £ &
Aovt BFA FRAE M B A|Fo] o
MNEd oz APd Aol7] W&o priming?
GASl ARARE o] &3t XPd A FEHE v
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w3He Aol FeAY Aolth

)49 priming@ GA, ZAztel HA AgZ#AE
o] &3l dAFefolA AT F HFH FA #
BEH &2 GAET priming A EoA & Ao
a4 9ot (Kang et al., 1997b). Y FAte
dols AFAH Y F2A wat Hgd 5 5
W) &o| (Kendrick & Spruit, 1977) °]&13 A3
ol Xe] FAe JFE HrEolof & Bt ofy
2 o] 59 M, A olF9 AH, Hx, o
T AAY A% T TAA A o] &9 3}
ol A3 A okt HFA FAA Y &
7 fA Ee FUSE £ AE Aot w2
ol7} B3 wite FHEHEAES FoV] HE W
Moz ¥ F2o] uHE FFAH FAATY
2 F435¢ + Jerts FES2A AR (Kang
et al., 1997a, 1997c, 1997d) oA AAE Ca(NOy
,Z o] 48 priming, GA:9 33 Ao WiS o
A ARG T NF, A A3 Az, 3F A
9 AFHA & AATA TadelA FEA FAAE
2 233 sax B JdT7E A A

= T
FHE=

Mz 3 dh

2

£ A= 19999 49 5H 19999 1087h4 7
Wetn SEAYHTE FdAHGATFAY A
drold 9 gy RE&EAE TR FEAS
ol g3t FPFHAL. AL FAE Al
&9 FFF2AFFAA BF Lol MG F
309 ALAFm BAJHA AP TIE A
olth Aol ALE3ITE ol A4 9 g
petri dishol] FFA] 20l & 23 ot o] ABEH = Al
gz A" S HET 10084 W&o
AAe T Lol L2 0TE 1A DE Told
o e} FEFFE S/ WA LR +3A

. Fr2o]l 1mm o]} £33 AL LoPiA R 8o
i wolyE ZALSH T W FAAR M o] &
9 FYe 450 me) FAF, 660 mol HA3F, 730



Tiel QEE $4E A B3R FAAYS 2¥3

mo ZAA%, do] gle FAYRA FAN7F, F Stz A e RE FANAZ 3 8IS
A9 2R A hght emitting diode (LED) 71goz g ZAtE AA ] AT v e Y
g ol &3liTh Lot L AT FoE REH gAEATh 71ek A@AZE ISTA rule (1985)
el M= F A gl H] 0}04 ZA Mg vl go] A o £3te] AR,

AR gon of2jg Wiyt wole 23 BEd wie FAAE 2¥e] AT £
g vAde ANEZAZFE (Frankland & d3E o 2oz Beso] AFHU A

Taylorson, 1982; Tester & Morris. 1987) *&l% E7lo] HlE ALE F dE 289 =& 2FE
A 20T T2 19 14N T BEF S o] &3ty N2 1 APREL &3 2} Priming®
2 ulEFHA FPEAY. Mol o] &8 44 GA: HFE o) A 2nd APHAH} (Kang
ol Uetlle §4-& 11 13 2t et al., 1997a, 1997b, 1997c, 1997d) & ZAEZE

20CcA Ca(NOy), B ol &3t 20CF A 24

1.8 4 Far-red
J | 7t priming A& 718 A APFEE 0, 50, 150
7 154 Rec mM9] 37/} $Fo 2 sl JEF 29 1F 2L F
e A Qe wole A%, A4Y, 2A4FE 19 124
g 12- ﬂ 29 BARYE ARAY, NEFRA FAYS
g 7 Bl He & Bl g e SUHAT B GA AdE
g %9 e 3uzte] %% AYEEE 0, 0.0, 0.1 mM9
S o A 3 Fzoz, AEF Ul FAAYE 9
g ] incandescent V1 priming 2] %} SY&A 18 5 Yol B L 59
K 0.3 - / 7=
| Prd | \ J Z7}e] Ca(NOy),Z ©l&3te] priming )& 7}
0.0 dmer i LA 2 A9l 932ACE 3A9 Adgdel € 9E
300 400 500 600 700 800 EZo] 2o A oy mute] Wold ulXE
Wavelength (nm) F& 2AR LA A7) A RN 22 AR
Fig. 1. Spectrum of blue, red and farred light ~ & ©1-83H rotator (MBS-1B, EYELA)2 10 rpm
used in the experiment. Measurement o2 AT AY, AFIA F& Ao FE - A
was done by Spectro- radiometer (LI-1800, gatma] A28 Zo] FAAYE 713 F Lol
LECOR). 4& QxS

ojte] oA d el A2 e =Ed HA FA 7l 918 HA Az ’5@’3}71"1\ °”1 7‘478
A7t £8& FUZE o2 & derte AES z
2 A Fo| £PHT. AHE TAE EA 9]
o] AEZ YA 128F trayd Z cellol 134 & A
3 52 mAT WolnFEo|ER EESG LT 7 &
Z A% AUAFE, 1 o|Fde FLT o= 2 <A
‘é'M] ol wra} 1~2¢ A FEE FFAAT ger. 150 mMol 293t priming 743]% Z ]—

EZ28 g2 Aol &A% A" T A 1EH] Aol AZNE S B3t =28 35TAA 44

=
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ZA7NAAN AA%, A4, A4 Ee dE2T
a2 ) FAANE MR F T s AN

sttt

Azd FAE JF87] Aol JFo| Lot A
e 4E FHRAA AP 2 44E
HaA 200 LA CaNO,), 150 mMel 282k
AZHA 10 rpm e B ¥ 2.9 priming®]] ©]
29 Ca(NOy 7} EA9) vl E 9FS X & 7}
2 goltaA 380 32 £5E ARRAY
Al e HA fEE FE3A MY E sietae
A A AzxEG}. AFAEE priming 3T
B FAZ AAHT T AZAA w2 FFHAY
AZ9 FAES 19 & 297 AFA MY Z
FE3S ol AL TP AT

Az8 FAE #Fe7] Aol AFo] Lot 1|
g ARE FHHAA A7 RAA 22 42
#F2A4 Ca(NOs), 150 mMedl] 247+ AZEF 10 rpm
o2 wutslA 19 12A413e] FAFS ZAEIE
A priming &2 713 3o 12 FRE 3E
A AYZFAE AFeA. AF Fofl TAE 35T
o] FAE A 4A T AZA T AFENYE AZ

Y FA4F W2 FFAAY 0TI 19 EE 2
BFAFAINE P FEo2 2o A F ol

>~

18& P59t

FRZEL S ZAEY) 9T FEARL o139
NEZAHRZRY =29 AHFHAA Ca(NOs), 150
mMel] 297+ AEZE 10 rpme B FHIAZIHA 1Y
12/)3te) AN RS 2ABE o2 XEE 24
Z AzAN7IA &3 uiZ g 3, Arie Zol
priming 38 Fo] AZE & vz 323 A
297 AFANZ Fo) FFF A0 AYg FEG
Z g A ute 22 o2 ofFoiHT

o
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Ao Hyg AAZHE (Kang et al., 19973,
1997b, 1997c, 199d) i+ FAe] Pot&& FA 3
z71AZ2 Ao 7= E priming® GA; A2l €]
AAADE £33 £ 12 AH4E 8wy Yo
AN priming® GA; e 9] T ©E dots
o ¥ 1% % 29 &, 20¢cAA 287 Ca(NOy)
,Z o] &3 primingAle XHeEEZE 0, 50, 150
mM2, priming Fol& 3%, AHAF, ZA4F
TE U Z2TY gAY FA S FEI 19 124
FAYE G & G dE A dREE
TARE 997HA), & F7EolE-E priming A2 E
748 e Ao vty A2 E /e AAN 12
Aez BAEAY #Hprimings AAIE %4 50
mMMETE 150 mM 52 AT 2§ gol&o
=9t} E& primingZEol APHE 2H4FL2 o
Z55d AFste FA oA Lo} AAEH
7} ®=8lstg o} o] 23 A EIE priming A
7} ol 2ol 7S 433 HAFHEe Aoz Yei
. g# dotgo] A FEF 150 mMelA
priming% 7Fstd A& A4 B3} g2l 3tel] 2ol7}
e Aoz ZAFHAD Y 55 Fof GAH
Bohe ANSE Vet 57t SUHESE Pt
o] Zrtdtte 7129 d7dA2HE (Kang et
al., 1997d) i Exbo] 20CAA 150 mM Ca
(NOy) .ol 297 priming AB & 71 25 A¥F
< Agshe Aol g wHd Aot (FE 1).
A7) priming A8 3E 22 GA; 0, 0.01, 0.1
mM9) 37} $£F02 JYFEd 2t 393 3
Z8te Foll A7) priming X elA] 7tsteiAle A%
Y87 419 AL AL 2ARe FAE
GAs &9 A3t Fol 7letdA & 24432
priming AN #FRE A7 2ol Wit T
golg 4R gANIE Ao dehg) wht
ZAle A 9 g Yo v gt GA, &9l AEF
Vatd A e ARG AR YAt 5T
a0l 7} G EA B E & FAA g st To}r}
Eoton], E3) o]g@ &FE 0.1 mMAA 73
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Table 1. Seed germination of Codonopsis pilosula as affected by light quality forced during priming
using calcium nitrate’

Days after sowing

Parameters
1 3 5 7 9 Teo
...................................................... % GEMINGHON vtvmsrssvtsssvnsncinsicnss e AYS oo

0 mM Red’ 00 23 be’ 243 be 443 f 500 ¢ 521 b
Far-red 0.0 16 bed 18.3 fg 340 g 400 d 526 b
Biue Dark 0.0 50 a 330 a 483 e 520 ¢ 454 a
Red 00 26 b 206 def 453 f 510 ¢ 534 b
50 mM For red 0.0 46 a 266 b 54,0 be 60.0 b 528 b
Blue 0.0 23 be 190 fg 49.6 de 60.3 b 557 ¢
00 10 cd 226 cd 51.0 de 60.0 b 552 ¢
Dark 0.0 16 bed 183 fg 516 cd 613 b 5.70 d
150 mM Red 0.0 30 b 220 cde 603 a 680 a 553 ¢
Far-red 00 06 d 133 h 516 cd 64.6 ab 590 e
Blue 0.0 1.0 cd 20.0 efg 550 b 65.3 ab 554 ¢
Dark 0.0 30D 176 g 580 a 63.6 ab 556 ¢

' Priming was done for 2 days at 20%¢ and light quality same to Fig. 1 was treated for 12 hours a day during the priming
treatment.

* The values having the same ietter within the same days after sowing were not significantly different at 5% level of DMRT.

Table 2. Seed germination of Codonopsis pilosula as affected by light quality forced during GAs

treatment’
Days after sowing
Parameters
1 3 5 7 9 Tso
...................................................... % QEIMUNALION -rovrrvrvcsersncirsvenssinses e JAYS oo
0.00 mM Red’ 26 bed’ 96 ¢ 203d 37.3 d 406 d 404 ab
Far-red 03 e 6.0 de 173 h 313e 366 f 531 fg
Blue 1.0 de 6.3 de 223 fg 373 d 423 cd 5.00 de
Dark 23 cd 6.6 de 210 g 316 e 376 ef 488 de
0.01 mM Red 46 a 143 a 320 ¢ 423 ¢ 45.0 bc 4.29 be
Far-red 1.3 cde 46 ef 186 h 323 e 376 ef 5.10 ef
Blue 2.0 cde 12.3 ab 346 b 453 b 470 b 4.18 abc
Dark 1.0 de 261 18.3 h 340 e 40.3 de 543 g
0.10 mM Red 40 ab 126 ab 370 a 500 a 556 a 398 a
Far-red 1.3 cde 73 d 240 ef 370 d 430 cd 478 d
Blue 3.0 bc 13.0 ab 320 ¢ 460 b 540 a 439 ¢
Dark 2.0 cde 11.3 be 256 e 420 ¢ 460 b 475 d

! GA, was treated for 3 days at 20 and light quality same to Fig. 1 was treated for 12 hours a day during the GA..
? The values having the same letter within the same days after sowing were not significantly different at 5% level of DMRT.
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AR AT A

EA Ve, a2gu 0.1 mMoA 9dxte] g2
dol &2 HARH FAF KRl Aol §adx
xRz A4 19ENA Y Folg3} THL HAP
Al %o} priming X 2] A 9} 2ol GA, Aol
AN Aejrt aiZY g Ao AAgPHE 2).

ol 49 it R 7tetdxlE BHEA priming
# GA, A9 2HE Nwdd 2AY BF GA,
A 7H g A5 B9 392 0.1 mM
o AFste BN 19 124009 4B
7+ AEUE priming A olA 713 Fs g A
Z B9 Ca(NOy, 150 mMd] 297 AEF 1¥
1271 te] }AF R g 71ete Aol 3F 54937
A& wolbgol Wto} 1 o) Fo)x Wolgo) &
S A2 YERTHE 1, B 2. wFr] dolg g
¥017] 43 ¢4 FAY [FEH FAAEEZE
GAE T priming A 27t E94 Y Aoz Hrly
4 opge] A AA priming APH FAE o] &
T FERZEE ANPY ZAERIANE GARTDE
priming AR EF&o] FrEYE HAERY
(Kang et al., 1997b) SEA WAEAE Ca(NOy
& o8- primingF A4 A& /it RS
H&2 g2 3d€E Ao d4d

A priming WH S ANAN7) 1A priming AR
Aol syto] Wole] wlAE FHFL HritsnA
primingo) W& e} ABAHAA 20CAH Ca(NO
52 150 mMo] 293t primingZ 19 1247 A 4%
A2 g Jtete AN XY EUE EEA %1
BAE FHZ FA ALY rotator2 A2 E71F 10
rpml & AWMAIIEA primingS 718 A4 dols
o viXe s A Ae 28 2 9 2y,
Priming%d 718 TEX ¥T IR E F¢ ABY
=AW A AN T 5~ 8 AYstne ¥
ob&o] & Ao vyt meld THaEzY
primingZ M LAo] LA R TE0] Foo}
HAYEAE SNAE & AL Aoz dud,

AN EAN ARA 22 Hoid priming 2 2 X g
H AL AXY 35 0148 Ca(NOy 7t F3] 4|

= L.
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Fig. 2. Effect of agitation during priming (®)
and washing after priming (®) on
Cooonopsis pilosuja seeds. The seeds
were primed with Ca(CQs), 150 mM for 2
days, Agitation in ® and washing in
were done at the speed of 10 mm and
with tap water for 3 minutes. The vertical
bars indicate the values of LSD.05.

' AFIA oz wolge a7} dAtE o
3719k 2ol priming M EE FAE wtR W28A
U, 20T 3=d 22 FEEA IET AHT &
BCAM 4N AARL ZASIEA d2 o
%o}/\lz‘g% ’?‘8355} é-‘ﬂ’“‘& 2 9} QC} C3<NO3> 2‘?2"
o] &-3}4} priming®d TAE E2 ART T Az
E 2o} priming® 38 vt2 dZ3e AR @
obgo] GAHAY, 2FEH A HE F
Aol GA;, & hormones M| & Z$ AHo g7
7b f9d s, 9Ae deEAd L o8
primingAl ol & A2 o} % Ao YA or A
i3e Suse RoZ o AFET

Z= ol .
TA)\E

2. A=o| mE dolg

ZR0 Ay FAE R ojuA gr e
3] 8ko} AzxI} o) FolAelt & Holtk, GA
o )3t} A F 77l &E & A7) priming P L
2 Her} o] FojA gk Ae] day & At
1Ak 35cAM HEd FAE A2 HA ufA] e}
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WA JEE $HE AT HED FANA) 2Ys)

o 239 59 H3E a9 33 2o o 34
HARND A FqFgo] M e Ao BA
gy, dFAE Fo AF == F5HH A
o] HBAE 2 TIE A AT AZAFNE A
ol ufEgAY Aoz AAHUD. @A priming
A FAE B5TAA A dxRFHA A 7}
stdAl = A%, AAG, 2037 27 o
A7t dobd v e dFE AR A& 27 3
9 2o}, HAFEAE ARG NN FoARE ¢ A
g, A%, R8P 2A 84 22t 2ol s}
S W, X4 5Y o|FHEHE AN &
€ A2 Ve, 2& 2E2E39 &A, d
Yae g tdM e 3F ojF9 Yo g
ol AU BTt AxA 7tetdAE
5% o349 9, 59| Phytochrome®] 37193 vl

TTIT T T T T T Tt T

40| J-
Y=2.1BX2 -11.73X +19.11

T RPeo72) 1

30 + 4r

Moisture content (%)
[ ]
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[ |
1t 3 6 7 9

Drying hours Days after sowing

Fig. 3. Change in the moisture content of
imbibed Codonopsis pilosula a seeds
to different drying hours (®), and their
seed germination as affected by light
quality treatment during 4-hour
desiccation (®). The seeds used in @
were imbibed in agitated Ca(NOs), 150
mM solution for 3 days under red light
for 12 hours a day and then washed
for 3 minutes, and those in were
done additional 4-hour light quality
treatment to them in ®. The vertical bars
indicate the values of LSD.05.
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<3 #H-o gle AAFIY 2HAF,
Phytochrome 7]Ztell 9]t} dojupe dopit g2
ZEAIE A F dg whgol AF Udd A
< AEAS Wit FA4Y Fh A 4F
P FA Y wlfel 2o e 2FH FHLZRH
IR A2 FEHY 3 o] dddes &
A AEJ} Ydojok & A2 AIRBY (Kang et
al., 1997b; Mohr, 1994).
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TI T T 1T 717 TTT T T TV TTT

I e Nonoring
Wy No-imbibition
I~ w-@ imbibition

Gemination (%)

1.3 8§ 7 9 79111315170
Days after sowing

Effect of water imbibition on seed
germination (®) and seedling
emergence (®) of Codonopsis pilosula.
The seeds used in @ were treated along
the same procedure as priming and
drying in Fig. 5 below, but in non-
drying, no-imbibition or imbibition were
done by only priming, priming and drying,
or priming, drying and water imbibition.
The vertical bars indicate the values of
LSD.05.

Fig. 4.

Aol X priming =& €} FApA
AEHHE Aol & ZoZ #gd

— | Ca(H03)2 | —> | Washing |—

Harvesting

e 150 oM, 2 days.
20°C, Red
o Agitation

3 min.

¢ Running water,

.
B 6~9 m7tA & Lo] AT &L ti7
o &) AMFEThE 2H G v go] Ao
@ol (Tester & Morris, 1987) 2¥<Q HAFAE
BE Fox o] Jg-& vedn & & 3lth o
A o33 HF o]F Y 21 L e &
A A FAAYE 2P AL 1Y
59} 2o}, Tt o JEE&S FEI A F
AAYE 20CAH AYL71E 10 rpm F =2 At
A FIEA Ca(NOs, 150 mMoll 2¢7t A Fe= #
HollA 19 12478 HA B2 2 priming A€
TAE Bl 2~38 AT F 35T HH
Al ARAZ FAE HF A 2009 B 297
AEAA FE3le A2 899 F Ut

B33 AZtnyAdA F2 A=
ZFarel 722 Ao g U Hobg A
BFaA gozA Ao duss

priming, GAs,

Imbibition| —*

Fig. 5. Presown seed treatment of Codonopsis pilosula deduced from the above and the other

experimental results.
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% B 4% 7eHAA GAE AEdhe AR
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297 priming A sl A =34t}

2. PrimingZo AHJE&£71E& IPAAIF|IAY,
priming %o 3tz A Fo] Wol&S YA
71e AR ZAH AT

3. Ca(NQy), 150 mMol 24 7t priming A€ T
AEAS] HAAAZ L Yo gl gdH A
35T 4R Azt ol 7H 43 G ol &S
2EH.

4. Priming o] AxAE FX
297t AFstodopwt Wol g fH
L Aoz Yyt

5. olde ZFZHH WY JEES FoY
4% FFA F2AAEE 20T 19 12439 3
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