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Effects of Gibberellic Acid and Alternating Temperature on Breaking Seed
Dormancy of Panax ginseng C. A. Meyer

Jung Woo Lee, Young Chang Kim, Jang Uk Kim, Ick Hyun Jo, Kee Hong Kim and Dong Hwi Kim'
Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.

ABSTRACT

Background: Developing new ginseng cultivars is a significant time-consuming process owing to the three years of growth
required for ginseng to flower. To shorten the ginseng breeding process, it is necessary to establish rapid progression through each
generation. In this study, we examined it was possible to rapidly break ginseng seed dormancy using gibberellic acid (GA;) treat-
ment and alternating temperature.

Methods and Results: Seeds were obtained from local variety. Seeds were treated with either GA; at a concentration of
100 mg/¢, constant temperature (—2°C and 2°C), alternating temperature (2°C followed by —2°C, followed by 2°C ) or a combination
GA; and temperature treatment. Following experimental treatment, seeds were sown into trays and placed in a greenhouse. Low germina-
tion rates were observed in seeds that did not receive GA; treatment, which were similar following 2°C and —2‘C constant temperature
treatment. Germination rates increased in proportion to GA; and more so when combined with alternating temperature treatment. In
additon, stem and leaf lengths of the resulting ginseng plants were increased following GA; treatment, although no synergistic effect
was observed with alternating temperature treatment.

Conclusions: These results suggest that a combination GA; and alternating temperature treatment enhances ginseng seed germina-
tion, which can contribute to shortening the time required to progress through a single ginseng generation for breeding.
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Table 1. GA; and temperature treatments of dehisced ginseng

seeds.
Temperature  CA
Type [(JOC) (g /E ) Method
Control | 0
Control II 100 Untreated
2 180 15, 30, 45, 60, 90 days at2C
Constant 0
-2 100 15, 30, 45, 60, 90 days a-27T
. 0 Each 5, 10, 15, 20, 30 days
Alternating 2 - -2 — 2 100 at 2°C, -2 and 2°C

o]% thA] 2T AFIE &7 597 A8 30, 45, 60,
90 HgTFollMe= 22t 10, 15, 20, 3097 S35 whHo =

ATt (Table 1). ETFIE ALAFE 4] e A
2 92T gRTE ALAE 2 3K 23 GA, HH

A4 shEsdr.

. A Lo A
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28 $A48 Az eAelx 127 Edeo] Vil sHesi
ou], APT WAL AN IR (@ F 4ghOR 5
9}, Wol= AHW I fobrt U m= shglon 3
504571 ARSI WolSAd 2 A WolE (germination
percentage, GP), oo} (mean germination time,
MGT), ZolFYA]4 (germination performance index, GPI)
7h ZARE QAT Wolg 9l SRkl tigh wol Fakro
MEER S, B o= MGT = Z(1m)/Ne] 2]E ©]
SAE = A F AT, ne A G o] ol
NS & o2 ou|dlt} (Scott ef al., 1984). ol Ux]4=
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GP/MGT x 10022 #2313t}
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5. SAEAM

2l¥ AldZ47E R version 3.2.5 (The R Foundation
for Statistical Computing, Vienna, Austria}g ©]-83}4t}. +-
teste GaAMd S WA ARG & FEAMIC] ABEHH Two
sample rtest, VA 2 OS™ welch Two sample rtests
Faste] oS A dash A9 282 #4418 4
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7] a) wdel] FQ3th sl gEA Tk (Alpi e
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ohgo| o]l Wolo] 4Q == a3t 3
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Fig. 1. The characteristics of P ginseng C. A. Meyer seed

germination by 2T constant temperature. A;
Germination percentage (GP), B; Mean germination
time (MGT), C; Germination performance index
(GPI). Values within a column followed by the same
letters are not significantly different based on the
DMRT (p <0.05),
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Fig. 2. The characteristics of P ginseng C. A. Meyer seed
germination by 2T constant temperature. A;
Germination percentage (GP), B; Mean germination
time (MGT), G Germination performance index
(GPI). Values within a column followed by the
same letters are not significantly different based
on the DMRT (p < 0.05).
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Table 2. Effects of temperature on germination percentage, mean germination time and germination performance index of P, ginseng C. A.

Meyer seeds.

GCA GCA
Pre-treatment 0 mg/315 ) (100 mfg )
Period Temp" GP MGT GP MGT
(days) Type (°C§) (%) (days) GPl (%) (days) GPl
0 Control 0.0 £0.0 - - 4.2+ 2.1 48.6 £ 0.6 0.09 £0.04
cT 2 0.0£0.0 - - 19.7 £2.3 31.6 £ 0.7 0.62 £0.08
15 -2 0.0+£0.0 - - 223+ 6.1 322+25 0.70+0.26
t-test ns ns ns ns ns ns
cT 2 3.1+15 42.0+85 0.08+0.05 382+73 26.8+1.0 1.43+0.30
30 -2 2.1+0.0 41.5+9.1 0.05+0.01 36.8+73 27.2+0.2 1.35+0.26
t-test ns ns ns ns ns ns
cT 2 2.8+ 0.0 355+21 0.06+0.00 444+48 165+13 2.72+0.53
45 -2 4.2+0.0 43.0+8.5 0.10+0.02 38.2+43 20.2+2.7 1.89+0.05
t-test ns ns ns ns ns ns
cT 2 6.3 + 2.1 279+23 023+£0.09 493148 15.1+£04 3.27+0.40
60 -2 49+1.2 29.0+58 0.18+0.08 41.0%6.3 15.2+04 2.71+0.49
t-test ns ns ns ns ns ns
cT 2 146+7.2 19.7+£0.8 0.75+040 86.8+11.5 11.0+£09 799+ 1.71
90 -2 13.9+2.4 188+1.6 0.74+0.08 68.1+3.2 10.8+£0.4 6.34+0.50
t-test ns ns ns ns ns ns
Period (P) seskok seskk seskok sesksk seskok seskok
Temp (T) ns ns ns ¢ ns *
(P) x (T) ns ns ns ns ns ns

1)Temp; Temperature, CT; Constant temperature, GP; Germination percentage, MGT; Mean germination time, GPI; Germination performance
index. Values in a column with a different letter are significantly different (ns; None significant, *p < 0.05, **p < 0.01, ***p < 0.001).

Table 3. Effects of GA; on germination percentage, mean germination time and germination performance index of P ginseng C. A. Meyer
seeds with different treatment period.

Pre-treatment

_ GP MGT
Period TeEnp1> Type CA; (%) (days) CPI
(days) (C) (mg/e)
cT 0 - - -
15 2 100 19.7+2.3 31.6 £ 0.7 0.62 +£0.08
t-test - - -
cT 0 3.1+£15 42.0 £ 8.5 0.08 £ 0.05
30 2 100 382173 26.8+£1.0 1.43 £ 0.30
t-test *% ns *%
cT 0 28+1.2 370+ 3.0 0.07 £ 0.03
45 2 100 44.4 + 4.8 16.5£1.3 2.72 £0.53
t-test T *okox *
cT 0 6.3 £ 2.1 279123 0.23 £0.09
60 2 100 49.3+4.8 15.1+04 3.27 £0.40
cT 0 146 +7.2 19.7 £ 0.8 0.75 £0.40
90 2 100 86.8 £ 11.5 11.0+0.9 7.99 + 1.71
Period (P) *kk $okk Hokk
GA; (Q) sokok ko sk
(P) x (G) ok ns EEES

Temp; Temperature, CT; Constant temperature, GP; Germination percentage, MGT; Mean germination time, GPI; Germination performance
index. Values in a column with a different letter are significantly different (ns; None significant, *p < 0.05, **p < 0.01, ***p < 0.001).
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312 ktlEls Wolrt o] Fojzl Ao = FHHL.
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Ae wf FAF o5 AIAIARA R B e} wRbriA]
2 Agrizke] 7t ulet wolEA diyte] FlslkE 7
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Fig. 3. The characteristics of P ginseng C. A. Meyer seed

germination by alternating temperature. A;
Germination percentage (GP), B; Mean germination
time (MGT), C; Germination performance index
(GPI). Values within a column followed by the same
letters are not significantly different based on the
DMRT (p < 0.05).
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Table 4. Effects of alternating temperature on germination percentage, mean germination time and germination performance index of P

ginseng C. A. Meyer seeds with different treatment period.

GCA GCA
Pre-treatment 0 mg;(% ) (100 m3g )
Period Temp" GP MGT GP MGT
(days) Type © (%) (days) GP (%) (days) Pl
CcT 2 0.0£0.0 - - 19.7£2.3 31.6 £ 0.7 0.62 £0.08
15 AT 2> -2->2 00+00 - - 46.0 £ 4.0 31.2£08 1.47£0.17
t-test - - L ns ok
CcT 2 3.1£1.5 420+£85 008+0.05 382%73 26.8+1.0 1.43+0.30
30 AT 25 -2-52 2100 38370 0.06 £0.01 67.4+43 28.0+£09 2.41£0.09
t-test ns ns ns *x ns *x
CcT 2 28+£1.2 370+£3.0 0.07+£0.03 444+438 16513 2.72+0.53
45 AT 2> 2->2 49+12 42.0+23 012+£0.03 79.2+2.1 19.4 £1.1 4.09 £0.33
t-test ns ns ns K * *
CcT 2 6.3 2.1 279+23 0.23£009 493+438 15104 3.27£040
60 AT 2> 252 73+44 27318 026+£0.14 951£1.2 13.0£0.2 7.31+0.18
t-test ns ns ns el xk roxk
CcT 2 146+7.2 19.7+0.8 0.75+£040 86.8+11.5 11.0+£09 7.99+1.71
90 AT 2> -2->52 715%£5.2 170£03 4.23+026 903+5.2 11.1£03 8.12+0.73
t-test ok ok kK ns ns ns
Period P sk Hokok sk sk gk EETS
Type (T) B ns Hkk * ns *
(P) x (T) ok ns otk ns ns ns

1)Temp; Temperature, CT; Constant temperature, GP; Germination percentage, MGT; Mean germination time, GPI; Germination performance
index, AT; Alternating temperature. Values in a column with a different letter are significantly different (ns; None significant, *p < 0.05, **p <

0.01, ***p < 0.001).

Table 5. Comparison of aerial characteristics according to AT treatment.

Pre-treatment

Period CA; T Temp" SL D LL LW
(days) (mg/t ) ype (C)

CT 5.8+ 0.6 1.08 £0.12 3.0+£04 2.1+0.3
0 AT 2> 22 6.7 £ 0.6 1.20 £ 0.15 3.7+0.6 2.1+0.2

90 t-test ns ns ns ns
CT 7.1+0.6 1.13 £0.11 3.8+0.3 2.0+0.2
100 AT 2> 252 6.8+ 0.7 1.15+0.12 3.9+0.5 2.1+0.2

t-test ns ns ns ns

"Temp; Temperature, CT; Constant temperature, AT; Alternating temperature, SL; Stem length, SD; Stem diameter, LL; Leaf length, LW; Leaf
width. Values in a column with a different letter are significantly different (ns; None significant, *p < 0.05, **p < 0.01, ***p < 0.001).

S7HES Fhol Folsl e
GAsoF W25 BH3A Y sidls m= o Aesisie et
PR 2 A 2]7)7te] soldel wel $ab wol5Ado] St 2
ke A% EAth BE st FodS vehlon, W3} AgAA ke
AafollM= M2AEA] A} opsA Rjol7h WAshk=A] AT A Dolgd ToltdAFoM T feide] &<l
BRIs7] flste] 2T rAeel A=ERd AldTsk 2271 A A3k 28 717be] dEAg e wolsat 2
7P Bk A= Table 49 2tk A2] 607K = e ddAIFolARE fo/d0] SlE it
7 2T Afolol] BE FAF WolEAolx feldk 2ol7t Il olde] A= fofehd WA= GA; TEFE oR3UA

1} 002 Helstgle mhs ot Wpuolds, ol s
w3 WeHel] eJsle] S4o] frolail Fksh,
Medee] mE A s wee aQRae @
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REQl FAke] FH Etul] dagh ARSI ool AR ] 9Q1R A doles) wolt ARl f-2

o | SI=T. A2A 2] W A2)717te) deae2 W

s AAR dFS 7IAh olRe AdWstel og WMo £ wWEAE SIS wels tEA BE WA {40
9]

14 e7F8717r GEEATRE B (Kwon er  ISUT} (Table 4).
al, 2001)9} IAsH B AFE T cdFoz AT W ot BARS GA9F W0z e 39S u Zolgo)
SAYE FH7ZE @G5 2 ke AS g1 3 PR AHE (Kim er al., 2015) A=A GA9F ¥
ATk Wolg Qox oS EE PIAFAE e AE S WA S W WolsS EFS T} Hol5A o]
NME ®2A g7}t Wols FXsIAthE Bl (Bello ef al, 2 FFES=T, 159 ARt g® Fapdolrt 46% 7Fs
1998; Duclos et al., 2014; Lippai et al., 1996)7} Itt. SI3TE GAsSF W2-9] WA E ek SFZEa 28

GA;9 o] Waix|zlo] o3k g2 dolwr] Yl GA; 3 A 1 Z7elE 75l slo] o14ke] At
£ At GAAR 2T A7) vt o Holg A ga3t 717k A dEAE F IS Ao dAdEH ol
2] 607 = WA E WSt AlFTo GAE B A gk §F717 G5 ad= ZdE
gt ARG oF 174 ol FrelsAl =kout A7l 90

oA Aol7t e, 3. GA, % HIRXIRI0) W2 KA M SA
ol A 0WAAE FAF Aok Yot AT e A B4 FE el Ave Wk 5

4593 60 A23lS ule W29 GAS Ha s 7o 231 dolEA (Kwon er al., 2001; Lee e al., 1986)
Aol Fetdoldrrt fol4d Al ERem A 90l I FA W AFHEZD] 4 #gk A+ (Kwon and
ME 23 2pol 7} AT Lee, 1997; Kwon et al., 19977} th3-Eo|Q)t}. Q14 B4Hs

ol dx]= AE] 6047H] M2x]2]9t GAS WA o]g-3lod GA;9F WS Wash & A AS zlolg Bl
39S Wl FolsAl =kem Al 90do M Aozt itk & AFAF (Kim e al, 20158= ot FHo] Z7]d EF

GA;SF ®9] waAgdl w2 )77k} Mpke] 29l g FAA ol RO BERl B ThsAdel thE
TAS 3 A BE W9l 88 YR, Ha A HAEE o|FoXA] ol GARF HAElE 3l SR

Table 6. Comparison of aerial characteristics according to the GA; treatment.

Pre-treatment

Period Temp" T GA, SL SD LL LW
(days) (C) pe (mg/t)

cT 0 5.8x0.6 1.04 + 0.09 3.0x04 21+03
2 100 7.1+0.6 113 +£0.11 3.8+£0.3 20+0.2

90 t-test rHE ns ok ns
AT 0 6.7 0.6 1.20+0.15 3.7+0.6 2.1+0.2
25> 252 100 6.8 +0.7 1.15+0.12 39+0.5 2.1+0.2

t-test ns ns ns ns

"Temp; Temperature, CT; Constant temperature, AT; Alternating temperature, SL; Stem length, SD; Stem diameter, LL; Leaf length, LW; Leaf
width. Values in a column with a different letter are significantly different (ns; None significant, *p < 0.05, **p < 0.01, ***p < 0.001).

Table 7. Effects of GA; and alternating temperature on aerial characteristics according to the different period.

Pre-treatment

Temp" A, Psr"’d sL SD LL LW
Type o (days)
(€ (mg/e )
15 54 +0.9c 1.23 £ 0.16a 3.3+0.3b 1.8+0.2b
30 6.1 £0.4b 1.26 £ 0.16a 3.9+0.3a 2.0 £0.2ab
AT 2> 22 100 45 6.4+0.4ab 1.27+£0.07a 3.8+04a 2.1+0.3a

60 6.9 £0.7a 1.13+£0.17a 4.0 £0.4a 2.1+0.3a
90 6.8 £0.7a 1.15£0.12a 3.9 £0.5a 2.1 £0.2ab

"Temp; Temperature, AT; Alternating temperature, SL; Stem length, SD; Stem diameter, LL; Leaf length, LW; Leaf width. Values within a column
followed by the same letters are not significantly different based on the DMRT (p < 0.05).
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9+=dl (Choi and Lee, 1995; Kang and Choi, 2006; Lee
et al., 2014; Oh and Kim, 2014; Tzortzakis, 2009), Z*}2]
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