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Effect of Seed Dehydration and Temperature during Cold-Stratification on the Seed
Quality of Panax ginseng C. A. Meyer

Su Jeoung Suh, In Bae Jang, Jin Yu, In Bok Jang, Hong Woo Park, Tae Cheol Seo and Ki Bum Kweon'
Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.

ABSTRACT

Background: Dehisced ginseng seeds need to be stored at cold temperatures for around 3 months to break their physiological dor-
mancy, and thus, to aid in gemination. In the presence of high moisture in such an environment, seed spoilage and pre-germination
may lower seed quality and productivity. To improve seed quality during cold-stratification, the effects of seed dehydration and tem-
perature were tested.

Methods and Results: In early December, dehisced ginseng seeds were dehydrated at 4 different levels and stored at 2°C - 2°C, and
—20C for 3 months. Germination was carried out on the filter papers moistened with distilled water; emergence of root, shoot, and
seed spoilage were assessed. Seed viability was examined by the tetrazolium test. More than 90% of the seeds stored at 2°C and -2
‘C without drying or endocarp dehydration germinated, but seeds that were dehydrated to have a moisture content (MC) below 31%
showed poor germination and lost their viability. In addition, the seeds stored at —20C failed to show effective germination.
Conclusions: Seed storage after endocarp dehydration might help to improve seed quality and increase seedling's ability to stand
during the spring-sowing of ginseng.

Key Words: Panax ginseng C. A. Meyer, Cold-Stratification, Dehydration, Dormancy, Germination, Moisture Content, Seed Viabil-
ity, Spring-Sowing
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(Kwon et al, 2001; Li, 1995). 3% Foll= &o}&o] A%
ataL Aol E7E A7 Arler 2 U] 3% A T4
Zgelell olgk ANA ulF Foll WAske AdA= sl
deEA A S T 7Rl dEstEE FAF A7)
o WAstE Al delire F52 A Zoy 2
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om, T AAAELS wolge AAH
1978). 12} A=Ak F 7AW wfjio]
A 2= F gledl, 2 olfe A
Hetutel] Y] RG] Bashy] WEolth

TAE ALY W FAFEEES AT 2= Wig vz
Lol weh AFAEAL (orthodox seed)ot AR FA
(recalcitrant seed)® TEE T+ (Bonner, 1990; Pammenter
and Berjak, 1999). Quldow A EAEL o o
(-20C -5C)llM BastAL FAte] 23hgdS Wil (5
-10%) BHsIE o FolE BAslal AAES =YD 3

©

=
A
A

T} (Bonner, 1990; Bothast, 1978). Z&{u} FA TA=2
20-50% o] 315 FRaero] PAHAL 1) ZojlelT AL

Aol olesH 4717k Agel ofHt. e A4 F4
oF WA FARE AR Fof| wef 96 As 28
FE A= ofEx] @A S 4 At} (Baskin and Baskin,
2014; Bonner, 1990; Khan ef al, 2002; Pammenter and

Berjak, 1999).
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A E3tRaL, 2ALFEAAxHe] AdFNME (Kim ef al,
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Weight of seed(g) at (1 00-inital MC%) x inital seed weight(g)

DMC% = 100-DMC%
21
Moisture  weight of initial seed-weight of dried seed X100
content (%) = weight of initial seed
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Wolg ZARE 98 20T A FA= 2T 5 47t
siA7]1ar, 2Ce] Bashd Fxk= 2T 3 Izt Basie
AH 02 FIAFATE AN FAE AW 2ER] Ea
ol 24 AIZF ARG & FAE A5 T4 &
A3l 70% NS 1 % ML Al g2E 1/4 vl
2% (soium hypochloride 1%)S 10 %7+ =23t
FHTE 5 3] ol ATt 5% FA= 150 mn
EFUse] 2 &9 Advantec No. 2 934 (Tokyo,
Japan)B 23 ZFFE leml B T 50 PR 3 wEoR
2Pdate] 10C Aol dopalHth, on] Woleh FAk= A
8311 egkom | FU 71A0 = dolg-S AR, Bl
7 T dolks ZAPIA AsIGitt. Wotel EolE EE
alo] zAlelE] f2o] 1mm o Ve AL whole vy
S, Zobe Al adehe olddH E717F T4 W
o7 ue Aoz AHsigon, g7t HFEAY 7PEA
=38 o U8Ee] Yoe AL FulE sl sabdol

& (seed germination rate), Hdolds=

A A

(mean germination
time, MGT), ZoldYA4* (germination performance index,
GPI)= Lee 5 (2016)°] ARE-3H W02 XA
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2CoA 25 & o} F&3] &3k A7 § FATe U
] A2FE 24 A7 A F QIFAE (FERS o]

E =7:3)l 353t 10ColA 10 47 wisierr 22T
LEDXONA (357] - 94571 =10 h: 14h) 4 7+ vikaisich.
LED (UPC Korea Co., Ltd., Seoul, Korea)= &35 EIY
O 620-650nm 2] A 3}t 450 - 470 nm o] gAY upgo]
3:19 &R ETHRFHJL HE Eolo FHS & 48-
55 pmol/ni o]},

5. 2 At FHEN} 7%

25 47k 2T Az ez A7
A AR ol - aErgel] WAL o] SUeHA] =S
gtiqlel geof 2C Aol F7k= 2 FU7F wigste] 4
RS fdiiinh. 4 Wolge 10C wiY 4 7 Fof] A}
S FoFE2 5 F Fol ARSI

AR FAE 24 AR A
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oF QSN M=

. SR AA

TALEE B7] 915 Lee & (2004)°] ARE-gH HIEZEE
& (tetrazolium, TTZ) K-S ARSI vi7F =349 &
UEST TAE IR 22 B 71E Fof a8
PH 7.0091 =<2 0.5% 234-triphenyl-tetrazolium chloride
(Sigma-Aldrich Co., St. Louis, MO, USA) & &7} 5
o MA] g2l 3 AIZF WEGAITIAL o] F 4TCe] Bate] th
ZAFERI T

=
APEE

-4 ¢
7. SAHEA

A# A= SAS Enterprise Guide 4.2 (Statistical Analysis
System, 2009, SAS Institute Inc., Cray, NC, USA)Z +
AL, 3 WHESE A 7S WX + EFHA} (means £
SD)Z YERHATE AlE7FS] 21321 Z}o]i= Duncan’s
Multiple Range Test (DMRT)E F25F 5% (p <0.05)°0
Al AFsHATh

a i

1. BAR| AX

Ao ARSI AY JNZF A (Panax ginseng C. A.
Meyer) Ak FEEFS 58.7%A3L WHIE= 53.0%A 0k
o] F2 Yoon T (2005)°141 ZAFSH Fh} wlSzalar, 72 3
OE SllA eotE SRS FEFEE 57.5%9F 56.5%=
Nztol FRE A= e ST 2 2|7t 8l
Ak v Yo diE oz A viEe HEe] Ao 4
K 7S 7] oH(Th Ax 4 Ak 100 7He] FAE
FE et WH Y] s A e HHe=
52.9%C14 39.5%% o]l WelzARt S Eghel
= #sPt gloh, W3 o] Eshgo]l 10%= Hei7F o o]
gl R AT Yl 7 AR F 58.7%004 53.5%= R
s BT (Fig. 1).
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Fig. 1. Time course of ginseng seed dehydration.
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Fig. 2. Ginsen§
(O), an

Table 1. Seed moisture content after dehydration of ginseng seeds.

Dry MC" (%) Dry weight of

time  Seed  Endocarp  Tota? 100 seeds(g)
SM58 0 hr 587+04 529+1.8 55.7+0.8 6.5+0.6
SM53 7 hr 53.5%+0.8 10.5+09 36.8=0.2 4.6+0.6
SM31 12 hr  31.2%1.1 7.8+0.1  20.2%+0.7 3.6x0.6
SM7 24 hr  7.3%0.1 2.7+1.3 7.9%3.6 3.1x0.6

Mean values * SE from triplicate separated experiments are shown.
YMC; Moisture content, “Total; average of seed and endocarp
moisture content.
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B0} Fxe] o] 10.5%°15t= "ol 24
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. Az K=o} W] sl 10%
o Wz]e] Ao] HolAHA] B eSS
. W) gtol] e T A 7 AZE
o FejHor F Ao|7t gl
HEEHSIAAA] Wie] wlj7F =8y} B
A A BRI (Fig. 2).
ol FAE 3L 7k AP TE A

Jul

[SIAN
AR

(o
)
o
g2
@

312% (SM31), FAE 73% (SM7)ZE EHF3ITh 3438
T2k RS Table 13 2t

A% 7ol zF Aol FAES 24 A7 Eoll AAENS
o], BE AgFE0] 11x3p7] el FuE 3)Ho] Ut o]
E TAES TTZE GRS W 1o A+ =5 ujst
7t ke BEAom o] Ko} (A WA AxA e
AR FAE s AojeAle B AR Adsidl,
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seeds after dehydraton at 4 different moisture contents, 58% (A), 53% (B), 31%
7% (D). Upper; seeds with endocarp, Lower; seeds after endocarp removed.

G| FAke] F3) 3] glglom FAEEE] 40%e] H
E53 (A vAAD, Az gF oz ANz Atet
WANEARE ] of# sl

2T AAst FAXT 2TC-SM38)y= AeAz] & ok 11
o] 7t AolAet] A Foll olnl 50% o) wots)
AL, HAEE 5 F7IE ol | slem, A4
Tl w2 A&t (Fig. 3).

FF Polg-e 2T 2T Ae Yy Azx+ (2TC-
SM53, —2'C-SM53), 2'C-SM580] =AM thE 100.0%, 98.1%,
97.8%3A3L, —2Col AAet FAZRT (-2C-SMS8)y= 90.2%=
O vkl YA 10%s gol 5 FuEint (Fig 4).
A} o] 31.2%3W SM313 7.3%3 Y SM7= 2C9}
2T AAe Ag BT Wolkwrt =gy HE dolgk
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T
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Table 2. Germination properties of ginseng seeds after storage for
3 months at 2C, —-2C and -20C in combination of
different seed moisture content.

Storage L
con ditigon Germination rate (%) MCT cpp
™ sMmc? Root Shoot
SM58 97.8°  61.6° 7.4¢ 13.42
o SMS3 100.00  91.34* 19.7° 5.1
SM31 68.2¢  38.3¢ 28.1° 2.4
SM7 80.1° 0.0¢ 32.5° 2.5
SM58 90.2°*  81.4° 16.3° 5.8
o SM53 98.1*  94.9° 15.9 6.2
SM31 58.7¢  32.5¢ 30.32 1.9¢
SM7 87.3° 0.6° 31.6° 2.6
SM58 0.0' 0.0° ND? ND
20T SM53 0.0f 0.0° ND ND
SM31 19.9° 0.0°  30.8° 0.6°
SM7 48.4° 0.0° 31.9° 1.3

*Means within a column followed by the same letters are not
significantly different based on DMRT (p < 0.05). 'T; Temperature,
JSMC; Seed moisture content, ?MGT; Mean germination time, “GPI;
Germination performance index, ”ND; Not determined.
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combination of storage temperatures for 3 months. (A);
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followed by the same letters are not significantly different
based on DMRT (p < 0.05).
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Fig. 5. Emergence rate of ginseng seeds sowed in
artificial soil. *Means within a column followed
by the same letters are not significantl
different based on DMRT (p < 0.05). SM58;
seeds without dehydration, SM53; seeds with
endocarp dehydrated.

£o] =3t} (Table 2, Fig. 3).

20Tl AF3IIH FAELS BF oyt Az e
SM58 (-20C-SM58)3F SM53 (-20C-SM53) AHEl+& A
wolslA] Bslal B HIsiith (Fig. 4). SM31 (-20TC-
SM31)Z SM7 (-20C-SM7y= ZH2t 19%S}F 48% Wols &t
AE, 9A Azt 743 SM7 AglTte] wolgo] SM31E
o} =T} (Table 2, Fig. 4).

Hdolds (MGT)e @oprt w3l 2 C-SM580] 742
7FE #sk=d), 2C-SM53, —2C-SM58, 2C-SM530] 15.9,
163, 19.792 & o]7}F $ISITh (Table 2). Hole] #Ud<
HoF= dolgdx]4 (GPNH2 4% MGT7F &d 2TC-
SM580] 13.40.2 7F4 =gton, —2T-SM53, —2C-SM5S,
2C-SM53& 247} 6.2, 5.8, 5124 T2l 2 zjole Q)
ATt

A EEe Wolgo) HFHBAIRES &kth. 2T-SM53
7} 2C-SM530] 247} 94.9%8}F 91.3%Z 90%°1d oA
%, —2C-SM583% 2TC-SM589] Zol&2 747} 81.4%%}
61.6%=H ol zto]7t Zith (Table 2, Fig. 4). 2C-
SM3137+ 2C-SM312 22} 39.3%9}F 32.5% Zolsie]
Zdd8] A Edo] oF 50%9 T wHH, Wolgo] SM311E
t} =91 2TC-SM73% 2C-SM7& =5 Zolo] Asfjslgitt.
20Tl AAA FAEL Axwe} Aduglo] % Zols)
=

Uhg] AzxTe] Eolg o] EYoME 22 A B
o= A¥aNS w 2C-SM589F 2T-SM53S 2T-SM58
BT} 58 Zolg-& ®T (Fig 5). 22y 20C-SM53&
o] Agol|x e} v E FolE #8 k4] edth.

3. 1T e}
A7) AZHYY SM313 SM72] Wolga Zolgo] A
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xF olfE AZE T FUERE Ado] YL MHER
- A7) 919, B4 A4 T KR 2 T AL Aeld

100
g 80 ; s T WA S sier 2C-SM313 2T-SM319] Wolg-2
g I 91.4%, 97.3%=M ALAesp] ARt} S718%0aL, Eoke
il ks b 8 . & 29.4%9} 64.6%2M 2C-SM319] 7% Aex)esr] A
E 2 of wlall Zok&ol 2 Wl STk 2eu 2C-SM7% 2
I I . ic : I £ 2 I CT-SM79] Tol-&-& 39.3%%} 382%2 938 YolHa Zof
oL ] e gy gy iy g & W 0024 WEo] YAt (Fig 6). 20T A5
W FAEE Yol 450 B,
5M31 SMT
Fig. 6. Emergence rate of root, shoot, and spoilage 4. A= U KMERC) M2 SR
after additional moist cold-stratification of i V
dehydrated seeds. SM31; seeds dehydrated until Holg e Fokgo] Sk FAEA T Ade] deA &
TN, S, s ditsd il M o) 1 A=eFERIE (o) 942 sl
followed by the same letters are not significantly < Fig. 73} 2tk TTZ 94% &iols o 074s =52 o
different based on DMRT (p < 0.05). o BEaol} HAS Wy, 2o 2Ae gMlo] Hx]| ¢kon,
(A) = o] Holle 9ot o Woldle] Holde 34 e
Moz Mol Hr} (Patil and Dadlani, 2009). 2C2} 2T
o A3l SMS8Z SM532 Hi-f7h HR EE3AS Wl
e s T, W A% BEMow dalo] Bl (Fig 7).
T ES 2TC-SM582 B2 FAkEo] A7 Aol wols Al&ete] A

Aol B 7E 1mm o] U2 AES G ARSsiSi=T,
EEF0] U ofgiies HAlo] HX| ottt ol FAA
5 59 oA 4 ol FMe g sleg Agzto]
Hot 2C-SM589] A2 wll+ Aol Ao dx|akd=tl th
E AHYFEL ool Hlg| o] 22 ol 2T-SM313
2C-SM72 Hilf= Bh 3= A =9lo) ule] 214g
of dFat= T/ Aol HA FAG Byt 2 &
(radicle)o] Z1gt A& wWth (Fig. 7A). 2Tl AFH
SM313} SM7 FA= Hi-fo] Halo] aFA] i AFHFE}
Ao vje] 7 AFL G| Aujshs H97F B A
A7 2 BE (plumuleye g Aoz HAlo] = QlTh
(Fig. 7B).

—20Ce) #74gt SM582 Hlje} vl B5F HAjo] =] ¢kok
3, SM532 vl AR7F A EPA T vl DR e
t} (Fig. 7C). ¥Fa SM313} SM7& 127 JAHRE sk
A9k wlf7E g Aoz Jale] wo] 2T s
SM31 2 SM7# frAREAY B A& AS w3l

(B)

2 o
Fig. 7. Ginseng seeds stained by tetrazolium to test
5 viability% Seeds were imbibeg for 24 hours in the tab B Apoe Bugs 5oz FAr)d izt A4 4k

water following 3 months storage at 2°C (A), -2C (B), — = AAAZ o] BEujjol Mulel= uy) 9] == AxAF]
20T (O) in combination of different seed dehydration _ o = ol qlse e olEho
degree. Ten seeds were arranged proportionally T Ashe Aol Fraelel AR vlAls dFe =4t
according to the staining pattern of more than 80 szAl sk AeAds Wges QU0 F4A% Auz A
seeds tested in each treatment. Box indicates the j o ] wo N
dehydration degree. g FAES ol AR Toll B2 ol olsirt. AMF

214



EN eS|

7ol FHE} QAR AEAbl w B Az o
2} 60 dollA] 120 do] gk zlox AR U=l (Kwon
et al, 2001; Lee et al, 2016, 1986), ¥ TolA]d AJZ A
71e A2 AA F 115 o] AHst et ikt
v YAz E Woprt 7hsstERE (Lee ef al, 1986,
2004) FHo| IH Elulshs 739 o] B2 iAW
250l AT 79 IFAI7 ZolAH FA}F ool & F
A7F 2 RS Bzl ey ek Wx (-2C) 249
M ZARE A Roke AR Foll wols kA @tor
2T A% EAHT Zol80] =34t} (Table 2, Fig. 4).

Was AxT= (2C, 2C) Fokge] Eob fFHEtald
FEFel Aon, FALHAE A7 AT (Table 2,
Fig. 4). B35S 98] 54710 A4 A= AT wd
MRS 238t 244, S WHeE 29 § AAsle
e AErHE Abelold =L JARE, FAA L
gk 7]5o] WA gdth B A A Aaks At
A A Al TR AXAEE 502 FX|3) g 9]¢
7v ekar & 4= 2ok

Yaue 2218 BEedog Hasla, 47 vfEx] g
Zolm dho} x7)o HQ3k
T U] Qi) wjde:
Ho] S o2 dHA
Choi er al, 1994). o] AZNA W73 Ax=Z sl Eo-&
o] Eolxl Yo 2e IA W7t x| UFo= 2l
Heete] wao] fhaEo] FAlE7E AojRs 7
(Bothast, 1978), U343 7} AZREHA FAfe] FEEFo] 74

Z ZEAol Hl3l F 10% 724 A=z AZEFNEE o= <
3 FAke] A g FA gt A S 5 T €8S

h=R

=

TTHHS 7FsES A7l £ 4 Aok B9 (Codonopsis
lanceolata) TAM| A& E= 7AFAEE 31 dehydrin 57
7o) wrgo] F7tsl=t, dehydrind <14k FAPIM T wHE o]
=, A2, $4, 1A% 59 ZEg 2] tigk Ae F1
A7le Hoeg dEA Ut} (Ha et al, 2006; Hanin et al.,
2011; Pulla er al, 2008). FAe] 7127} FHAERg ]| gt
te d7A3e Jlon, Wae fdxxjzzt dololA =45
LaAAY 28-S AAEAS TR AZEE UTH
(Huang et al., 1996; Kim, 1994).

T2 AA7E 30%018 R AZRENS e Wole Fof BT
AA8] HojHqX EuS 9% SRR 2= A-sA

=
T

B3UTH (Fig. 4). Tokgo] Hojy 2 v FEdFe= F
et B A3 (Fig. 6), A2 Asht (Fig 7) 9

lew Azt 28Ut Lee 5 (20048 Al o5t &
AFETF 2% FAE AT Tl 7 A E ALz
oM Aol 7Fsdiiorns, Axay, st 3 FHekked
Soll me AxFAe] A A7t 2asit.
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AL Follske AL 3 /9] A7l YeERA] o
At 2y 20T AP T XF & wolzpgo|
A R 7F ST (Fig. 4). 77132 = 2TCelx #A7gst
A 10%8=7F Foetd=dl (Fig. 4), 4% AEolA=
Yalg ol Fapt 49 7heAe] € o w2 ez A
ZyeTh.

ool Ads HH 4 /1Y mvke] Bug-s st TAAA
717k B9t 2T -2C9] LxoM= FAus IA 2454
ero} FAzsl] WAwo] A ¢ A Foll wolst
7Fs/de] AaL, WHaRk AxA7 = A2 A2AA A8t
= Aol TAZA A =] Hil FolgE ATI=
whHo] d Rog AztEh SA|RE FAke] R ATt
FHElE A ¢ Aon (Fig 4, 6), A=Al wet
Wapole} Fale] AzxE&wrt G222 (Yoon et al, 2005)
7t &8 Al AR AR F e TA AR W
He GyAACE & Aol

2l =

w A7 FENE ATARIEARIE: PI01098502)°] A
o eJ8f o] Fojxl o= ol TAEHUL.
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