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ABSTRACT

Background: Usually ginseng seeds are sown during autumn and spring. Sowing in spring often
results in poorer seedling establishment than in autumn. One of the reasons for poor germination
could be cold-treatment condition for breakage of physiological dormancy during winter. Here we
tested the effects of storage temperature used during cold treatment on germination.

Methods and Results: Germination properties were observed after dehiscent seeds were stored as
wet and dry at 2°C, -2 C, -3.5 C and alternating temperature (AT). Seed dryness and storage tem-
perature affected germination properties (p < 0.01). Wet and AT condition germinated highest, and
wet and -3.5 C condition germinated lowest, which was 91.2% and 1.4% respectively. Mean ger-
mination time (MGT) of the wet and AT condition was faster than other treatments at 2.4 days, and
the dry and -2C condition was the longest. Germination performance index (GPI) was highest for
wet and AT condition (37.7%) and the lowest for wet and -3.5 C condition (0.5%). The growth of
above-ground and below-ground were the best for wet and 2 C condition, and wet seeds showed
better growth than dry seeds (p < 0.01).

Conclusions: For cold treatment, ginseng seeds may not be stored below -2 C for successful ger-
mination during spring sowing.

Key Words: Panax ginseng C. A. Meyer, Dormancy, Dry Seeds, Germination, Spring-sowing,
Storage, Temperature
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E: W) e A, F Wk B Wt 2
2 2AM shee] HEL Sl it FAE AN Aday
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al, 1986; Won er al, 1988; Kwon er al, 2001) &7} %
AA71E 2EsIE W zte] B FAE Ao =AY 4
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Table 1. Seed moisture content used for each experiment.
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Aok T2} AXETE A0 B PRITAL SRR
(Suh et al, 2017, 2018) Al@el W&t TAE AXAA T2
TS 2L FAE A Hol AE|2E Rl
o] AAkarel] #1748kt (Table 1).

T A7E AP S 2017 AR UiEeE v
AE AZAZ F (HalfDry)ell -3.5C AAaro] Yo Haks)
AL, A L2 ZARE 201633 20189% 528 FAk= ¥
Az (Wetyet T E ¢bd 71 221 B2 (Dry) 2F =%,
Z 2C, 2C, 23 35C ARl ¥o] Basisled], 2C
9} -3.5C+= AHL (Serbingo, Cheonan, Korea)S AR5}
2Ce A WA (LG Electronics Inc., Seoul, Korea)=
ARE-5E5IE). ol 24 (T&D Co., Matsumoto, Japan)s &
3 A =5 &4s9e o 2TC, 2T, 283 35T A
Ao HAEx= ZbzF 24 + 02C, 2.1 + 04C, 38 +
02Co|t}.
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490l vidahe-2ol] Fgatsitt. -3.5C AgarolA A F2t
£ 3 U7k 2Tl Bt 9 A 4 AR A & 9%

SFAT} 51 em (W) x33 cm (L) x20 cm (H) =719] 3k

. . Seed moisture content (%) Storage
Experimental purpose Harvest Seeding
Treatment Endocarp Seed temperature
2018 2019 Wet 54.5 56.7 .
Storage temperature 2,-2,-35C
Dry 16.3 53.1
Seeding time 2017 2018 Half-Dry 39.3 55.6 -3.5C
. 2016 2017 Wet 52.8 56.3 o
Storage temperature and duration -3.5C
Dry 11.9 52.0
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5. SAKe]

Q1] Sokedt As A 4] FAEAE flste] SAS
v9.2 (SAS Institute Inc, Cary, NC, USA)S ©]&3}o]
ANOVAR-A] (Analysis of Variance)s 38813121, DMRT

(Duncan‘s Multiple Range Test) 5% F<eollx dE4HEA]

o] FRAHEA S Bl fe]
S A Aike v 15 A1 HaEE ekl

o] SAAZE st

Ae AZSAY (p < 0.05). A
HEE 71

=

al

9 oE

2z
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o
73.1%2] Fol&-S H9l whH 2018 3¥ 2 5
24.8%° ZLFH T (Fig. 1). o1 FFA717F =o2FE S0l
= ol 49 1298 0.2% Eolsisitt

B Ao 2T 1 5 - 2 F AT 45 ¢
Zolgo] 713t g Ed (RDA, 2017, Suh er dl,
2017), & AlgoME 3¢9 12¢d 958 F 1 7Y Tse
(3/22-A1W) FAE] tjH] oF 3.5 ¥ ZFol&o] Frlst oyt
g3 Az oH, 44 12¥ IFE F 2 FY wIe
(4/12-A2W) Fx12] the] 20 vl o)} ZolA|wk Zolgo] 3
AERTt & = AT (Fig. 1).
g § Zoleletl A8FE AR A”tst] wgda R
B 3 F7H] Ha 225 A=Y (KMA, 2019), 3¥ 2
Qe 53T, 3¢9 12¢9& 84T, 39 22¢& 102TCe|%eH, 3
4 295} 39 12¢9] HA 7128 717} 11.9C9} 15.9TCo]
39 = B9 ok sl 9 7] xR
< AL o, HEel & A% die v
ZokgS AdE AR gtk s
o] &5t dv] APAse= T4 FHE FAVt
A Zo2 AZFE Tt A Hol A] 78
ZQ38H|, & Apas BE AN 3 & E
35% BE7t HEE 3] A5l dAFES]
7hete B R it 52 ARlolA uiAlEa

717] g A7ellA dojzl Aol gk Ae) AtoA] 2T
of A7t £xjol|l B8l (Suh et al, 2017) -3.5Cel 73k
TA] Zobgo] Wk HS y#EH (Suh er al, 2018),
g A7 Al ARESE FAFe] A RE7F #AI7E HAS
Aoz FZEo] A 2xrt wolo) v JIFS AN
287t YAt
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Fig. 1. Emergence rate of ginseng seeds depending on the

seeding date. Left Axis; bar indicates emergence rate.
Data presented are means + SE of 4 replicates. "Means
on the bar followed by the same letters are not
significantly different based on the Duncan’s Multiple
Range Test (DMRT, p < 0.05). Right axis; dot indicates
average air temperature (M) and average of daily
maximum air temperature (&) for three weeks after
sowing. YA1D; acclimation for 1 day. "ATW; acclimation
for 1 week, "A2W; acclimation for 2 weeks.

2. BA ME2E00l g 201 54 =AM

A 2= AE Hell 7k 35 & TA A 2= ¢
ol Fa sl AUk 20129 12904 20174 397HA BH

7] 713 Aeg RIS W bt 9] Ag- 7)o
B3tz el7im A2 0T ol olgom F47] §<t 0T
- 3CE A de] A= 710 e AYu o
grom 47 Aer stz "olx 3T - 0CE 44359
o (Fig. 2A). A0l we} Lx& vzt 19 7 7]
$ RAFE e FEHoIth drt gAY 20174 7HS
TS 3 24 A 3 muke] Fa} YA A28 A
3 A7 190l 9T HAA 4CE V== SR L3
& -0.6Co HEZom 290 T Gio] He e

—

E o o

>

4.0

0.0

Temperature { C)

-4.0

'

lksan ==&—Ochang -+-@-+ Cheolwon
-8.0

Dec‘ Jan | Feb ‘ Mar‘ Dec ‘ Jan ‘ Feb | Mar

Air Soil

= oA}
—Q

0= ZAf

sl= 29Y (Fig. 2B).

Suh & (2017, 2018)¢] As}e} A2 FX (Fig. 2)5 EU
2 &2 35Cs 71 o A A A4 He xR
stol whol A& Ao & vk 7M. Sl A 2x9
AS AR J3tel B 4k TAE 2T, 2T, 35
Tl BaastAY 129 717 2T BAsitr} ol&a) 192
3.5C=2, T 290 2T2 AAs= He HFs 8t & Zof
e

[e]

==
Ao g FA Axe Eokgol FE T (p < 0.001)
Wb Az7e] Fokgo] B%om, A 2k Folgdl 3

TS FAAT (p < 0.001) AFLE WE Fols £9e
A 7z oo met get Tz $A Follde e A
TFolM, Ax FAF TolAEe 2T AFFolA Eolkgo] 7
=94t} (Table 2).

7ZF AelEE AEE Fokgo] 7HY w2 A Fx

A2 He 2T — 35C — 20) 02 A3 A 1=H
91% Zolelt). the o8 Folgo] E& 7o YiyS

Azstar 2C, 2T, W] At A+=2 7M7) 81.5%,
86.6%, 81.0% Zo}alitt. 2T Age LAz Fah= 95
7ol Wols AN EH IE A 015S EFsl] T2
2 gEslgom ojnf Zolg-e 73.6% ZHEH, ol IF
A7NE 3 AR FEAZIE FIAY H ZoRe we
Zolgo] gt 7FsAS MAE ¢ glk £z AEE 2
Coll A7 A= 70.4% Zol8l 2C A7HY tha v
At -3.5Ce] Bpst Frk= FazTel U2y Azt 2%
Zohgo] vl$ Az o Wity Azt FHART B
=A%

MGT= 4 7%t Ag2e 9 o]59] we 2hgo {9
3 oGS Wkl (Table 2, p < 0.01). AW o8 MGTE

Az Wb AzxT7ro g@gkon, 2C ARt 2T
ATRD #ATE TAE AZATNAY 0T olake] 2=
B s
Soil = === Air .

10 'n‘
Fy n
g s
[
L EREERAV
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§ ° ’:'I'I "',“' 1! "J".," 1 l!,'lb\ n,"
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Fig. 2. Average temperature in the air and soil during winter (2012 Dec - 2017 Mar) in lksan, Ochang, and Cheolwon (A) and a
ginseng nursery bed in Chungbuk (B). A; air temperature 0.5 m above from the ground and soil temperature 5 cm beneath soil
surface were obtained from the web site of KMA (2019). B; temperature 0.5 m from the ground and 5 cm beneath soil surface in
the ginseng nursery field were obtained using data logger.
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Table 2. Germination characteristics for ginseng seedlings ke enoA ARE W Ax 2R, 2T AR A

1=
depending on the endocarp dryness and temperature - )
during storage in winter. HZ AAEQE E2}9 vl T =9t}
3.5C A= MGTZF #2omA GPIE Wigked 3

MGT? GpPY A% 3.5C AT GPE= ml$- Sl 0.5%4tel =A] eksk
2T 73.6+4.3% 2.8+0.2° 27.0+2.6 ok olE AN OR Fob7h R skl Ae] dopHel
2T 70.4+53°  7.320.2°  9.6+0.5° T TASe] L Woksh RS Al wokshr]

et -3.5C 1.4+0.9° 24+0.1° 0.5+0.3° EA_‘E@ Ao HOLE}'O

Alternating” 91.2+1.9*  2.4+0.1° 37.7+2.6" orateRs '3'5,,C§ fﬂgﬁ% T
2T 8151037 B88:04° 93x0a7 = dEiehdule] 2C, 2C, W2 21 BF Jesial &
stk 28U MGTY GPI 235 BH 2T Bl =71

gin

fa

Storage Emergence
Endocarp Temperature ~ rate (%)

2T 86.6+2.70 10.8+0.6> 8.1+0.3%

ory 35C  28.2+3.79 55+05¢ 5.1+0.3¢ oM Tz AJEE Askes Aol o BAke] @/ dHolA
Alternating  81.0+2.4% 9.1+0.5"  9.1+0.7¢ freld AoR HWelth 53] ¥z WHe AHte 35 A
sD? = = = HolS PASL Fokg, Wol #UA Sl e 2he
Two-wa .
Anovay ™D o . . 2 e}
analysis - sp x T™ * *x - uE F ok 70 doll BE 2ALE Sl G2 d8 X

3 g AL 4w, 24, 2ol ARl & AjolE Hel
Alternatlng, storage temperature was alternated as 2C — 3.5C — 1o . s owE g .
2T, 2MGT mean germlnatlon time, GPI; germination performance A ggkont, Wy Axae e 5l thell T B
mdex ¥SD; seed dry, °'TM; storage temperature. Data presented are oF Aol Azt Ao|UAL (p < 0.01), SPAD, &, <%

7
e}
mean of 4 replicates. "Means within a column followed by the same o o
letters are not significantly different based on the Duncan’s Multiple S AT 2kl dFE W AR ZAEIY (p < 0.05)
Z

Range Test (DMRT, p < 0.05, **; p < 0.01). (Table 3). 2Col] A3 FAZTI} F234 TS T3 =
© AFolM 7HE =2 %}g Hol, Zol&o] i MGT, GPI
= RARIIE T e AelTel vs) o] $skic

Ashs e WolEEE Air7] = Ao R BRItk He A

O TAzTel Yats AR BT 2C AT kT 3, W KE v

Row AT, A9H Weo] me A% ex ARe Fae] del 2o

o]

Pl= A A%} AG2E % o]&9] wE 28 {9 d AIZh
‘J 33FS- WQIT} (Table 2, p < 0.01). 2T} H20)4 T4 HS gk} 9 °iE‘r 7H7L°l 2 FAE 2T AFE
Z AR A" 25 GPUY 2 27.0%9F 37.3%0% ot 35CE 24 AAFske A71E 2t 22t 119 30

Table 3. Growth characteristics for ginseng seedlings depending on the endocarp dryness and temperature during storage in winter.

Storage SPAD Weight of above Leaf area Root length Root weight
Endocarp Temperature ground (g) (cm) (cm) ®
2C 37.2+0.6 0.147+0.006° 16.6+0.5 9.4+0.3° 0.27+0.02
Wet 2T 34.7+0.5° 0.139+0.005% 16.3+0.5 9.0+0.3% 0.21=0.01°
(S q
-3.5C ND ND ND ND ND
Alternating” 34.7+0.4° 0.136+0.005% 15.9+0.5% 7.4+0.4° 0.20+0.02°
2C 33.5+0.4" 0.128+0.005" 15.4=0.5" 7.9+0.3¢ 0.20+0.01°
5 2T 33.2+0.4° 0.126+0.004" 15.0=0.4% 8.1+0.4% 0.18+0.01°
Y -3.5C 33.0+0.4¢ 0.126+0.006" 14.7+0.6" 8.1+0.4% 0.20+0.01°
Alternating 33.7+0.5 0.126+0.005" 15.1+0.4% 7.6+0.3 0.21+0.01°
SDZ) *% *% *% *% * %
TWO'WaY TM3) * *% *
Anova analysis
SD x T™M o o

VAlternating; storage temperature was alternated as 2°C — 3.5C — 2'C, SD; seed dry, TM; storage temperature. Data presented are mean
of 4 replicates. Means within a column followed by the same letters are not 5|gn|f|cant|y different based on the Duncan’s Multiple Range Test
(DMRT, 5; p < 0.05, 7; p < 0.01). ND; not determined.
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=501 WE

A, 12€ 20, 1€ 109 AFS sd=d, oln A Az
9} Aglo] 1€ 10¥ > 129 209 > 119 30Y £o=g

-359Ci @‘;—7]—‘: }\]7]7]— _ZI,]Z]_’_E o],_g_ol }_.-_—_o],q_ O]H:H LH
e Axdke A7 xR Bh 2okgo] 1 AdE
AAT} (Fig. 3). F°] E2 TR HEH=E Fste] 2=

A Azke] BATrE M3 Fohgo] A Aol
Qe o] AlfelN FAxTS} W Azl Holrt 2

e o Aglel 749 Sl Rz S Foteel o
ol asiely] gros nelth
FHER |7l Wol 717 9k Wes Aeske A o
e Lud] T RN BolE Sk AT Wk &
T} (Christian and Goggi, 2012; Kumar et al, 2013;
Duclos et al, 2014). thFZ° W2 AA (alternating

temperature regimey= W] YF7| QoA o]Fo|R|= RE
AAZA 2 AFoA ARGEE M2 AAE olet x|zt 9l
of 2 A Al Wl A sl b2 " A4
22X 7Rl =Aol 9E A A He A H &
AFsIth (Kwon et al, 2001; Lee et al, 2016)(Fig. 2). I+
S7HIME AFILE ARSI Mol 8¢ T F

MiFgel Baste] AS A o Fohgo] EthaL f&
o} o] A IR oA ol AXEWA 7L 345

wek7] mEd A

S

_ﬁ'

H
N

Hiolgt FApEo] v
= Zo= 7ldEd. o=
go] E=8tEo] Eolks X]"W
S 2 Aellx 0T A7) °§f>£~¥°ﬂ THEH/H
sk o gatel ewolA <t FAjel
e Qe 2% A 717kl B & o
7t ")t}

Q14 B} wolel glo] Batel Lol A
7] A7 BT = gled shuks 40 e 1
BE AUE § 5 9 FA9l 52 A
Zae] sk wet o2 -3.5C - -9.6Col &

S} (Lee and Proctor, 1996). 52 we& &44L /‘i]
Fo] AAe w met el B o WPl =n 5
A sfye] A&z wkEd wf o A7 ‘E’e“g stAl Aot
(Lee and Proctor, 1996). 7% &x¢] ¢ 35CHT=
Lee 5 (2016)7 70| 2TE He AA= /\]%6‘]»‘& Zo] ¢
AL e & 9y AHo=T Holth

oo=w T
B AR 87 ARl 432 F= &

3]

|2 ];]&_ o}\.‘:_-_

2} RS EE Suh 5 (2017)8) A AFete Ax)E
o}, o} == Azl s AR FEZASIME A

= oAb

— -

395

0= ZAf

100 4
90
80
70

50 4

30
20

e
2 W
1

30-Nov ’ 20-Dec

Emgergence rate (%)

b
-
| I I

10-Jan | 30-Nov ‘ 20-Dec

10-Jan

Wet

Dry

Fig. 3. Emergence rate of endocarp wet and dry seeds stored
at -3.5C after holding at 2C for different duration.
Data presented are means + SE of 4 replicates. Means on
the bar followed by the same letters are not significantly
different based on the Duncan’s Multiple Range Test
(DMRT, p < 0.05).
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