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Effects of Storage Temperature and Seed Treatment on Emergence and
Growth Properties of Panax ginseng at Spring-sowing
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ABSTRACT

Background: In Korea, seeds of Panax ginseng C. A. Meyer need to be stored under cold temperature and high humidity condition
for months to break physiological dormancy, making storage difficult until spring-sowing. This study was conducted to test the
effects of seed storage conditions and seed treatment on the emergence of seedling after spring-sowing in a nursery greenhouse.
Methods and Results: After dehiscence, endocarp dried seeds in mild or completely, and wet seeds were stored in 2°C and -3.5C
during winter. Storage at —3.5 C resulted in a lower emergence rate (ER) than that at 2 °C, and additional cold (2 C) treatment before
or after storage at —3.5C increased the ER. Endocarp dehydration prevented pre-germination at 2 C storage and increased the ER of
seeds stored at —3.5 ‘C. ER was also dependent on the batch of seeds. However, seed treatments before sowing had only limited
effects on ER. Root loss was the main reason for damping-off; prolonged cold storage of seeds increased damping-off, as the detec-
tion of pathogens was not high.

Conclusions: This study showed that storage conditions such as temperature and moisture content of seeds, affect the ER after
spring-sowing and vitality of seedlings, suggesting further attention on seed control for secure seedling stands after spring-sowing.
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2 FHo] FRHW FEshr] Ao Aol ol Alxtx
Ak (Aol pre-germination) SAFE 0] F Fow A F-3)
3l7] wjEolt} (Ziezold et al, 1998). o]&3 A4 EAlE
7HSS A sl 9 F shuddl= ol 7K B3t
TS A% A Al tigk de BA ¥oH, A 1
Zof| w2 A P e A YA T (Suh er al,
2017) in vitro AP O 2 =AML} 7H2 B S olA]
o] Al HF-L o] FoX|X] Tt

S A2 (seed treatment)Tt TAE G X 5 &
o2 AFsAY s Ee AETE AR MYE
S dei, T2 Ul W] A 9 EY & Hddo=
TES] S WAsle] S0k B 9 Eof § WA=
JH RO 337t Slof ofn] ThFek Aol &Estal Al
o} (Harman, 1991; Howell, 2007; Mancini and Romanazzi,
2014).
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1. AL 14X

A Az AP 201649 54 F A 431, +4-
2), AFoll A ek AQefiE FAE 3 AR N 5 AL
£33t 4 Suh 5 (2017)dl 3t i, &
NS AZANFNA Fe FAZ (WS), I8 E2R= AxEA &
L e o7k Azl 3Rzl Ar® fxd vz
(EDM), U345 k3] AxAZ $AZT (EDH)E A2
T2 stk

TA Az 24941 A= 20164 1Y 23, 942 &
A= 124 24, AN FAkE 12€ 1390 aslen ARgeks
A3 feledollA (18-25C, 40-60% RH) =33k,

Ax=
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& A%7] (Hanil, Seoul, Korea)= HFS HolFo] Axr}
A H=F stk Az & WFu)e] R WS 51%,
EDM 44%, EDH 11%%3°™, ¥4 FAke] =2 WS
55.6%, EDM 55.2%, EDH 52.8%°]it}.

7} AYHE2 o E o] A HY (Cleanwrap, Kimhae,
Korea)oll ©ol 2T} —3.5C) #3313t

2. BXA Ael
F2F ] A= A4t (Panax ginseng C. A. Meyer)o|L}
T2 ZHEoA A4S WAl a37) e oA E B %

AR BEll AdsiSled], gie AJoldaiks fFadweR
7RG Qlof FAF Abatel] Wol ARSEAL Qo B R tRTEA
AFE-3FSTE (Vaartaja, 1956; Sauer and Burroughs, 1986;
Lee and Yu, 2011; Lee et al., 2014; Shin et al., 2015;
Park e al, 2014b, 2017). °FA HE= Table 19] %78}
act.
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ZAME = gl9len, EDM3 EDHE 3% %
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AL W3 n} AT (Won et al., 1988), 57} A A
W 2xoA AT A A 5 dotste] gl A%
FoE YF AFE sk Aok 23R YE A Al A
A7t Zolgdl = YT AR ZaUt ATh
B Age 5AS AFsle AFAE T AMEste] -3.5C
oA E2} AL sl —3.5C AU WSE a9
% 13.1%, EDM 45.0%, EDHE 27.1% Zolsle] W% =
AdME W3 E AN 7= 2ol Eog ol =fo] =
ATt

Ty 3.5CHA FA= AAFoz 2T A TA=
Hr} Folgo] ol A7} F[itt. RDA (2013) AF&5e] o=
A 7R 9ES AFskaL don AAI ARSA] —2-0TC
ALS AFBIL YANE o5 SR AT AFEE 3]
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A3 A Sl FAZT el o= in vito AEOE
ol 7o) Apol7t Y& F JoH, B AfddM= AR 114
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Ae o B A3 Fokgo] wth
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T Eohgo] 20%PRe R Az, A g 57t &
oF Aol A7 AR FHERT}e] HAsHE GA; A=
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7} B8R kS TsAE Juk 3 A Al &
do= Qlal FAke] o] AEUS s E AEsof g
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AF e FokE, A A5, 24, 2% 9
on, A AxEE Fohg, AT A, 2746
Aoz ENEATE (p <0.05).

ot $h52E7] Aol 59 2HE 27F 23AEAN YRt
AaET Q2 s Holxnt 2717 ©E S YL 228

%5
/}i‘:‘ﬂ] zh:]—& o]_Erz] ok7 7H1ﬂﬂ;<4_gi ul—/\g o]. U:] lg-j‘io].i
B R el S0d gule Rl Hgddl A A

T4 Bk gurE o g 17 Rola] g Y 10

H-1-
-30% TAZ=E o= 2 iqﬁ-‘itﬂ (Choi and Chung, 1971;

Lee et al, 1978), ¥ 3o 2CAZ EDH} 6.2%EH
7 ol =A)o] Yy HAERTE WOkt (Table 1). Y32
HOEAS A 2kl P Wwol 2T At FAbol|A

Eohet T4 AxEe YT A AT (p <0.05).
2. Wz Folof| Wi Ws BRI =01 S

Suh & (2017)2 20%% AZXE FA=2 A & F712 2T
of Aste] Zols TV F AUen, 2T A% TAE

g el 2T AFgFozA FolgS =4 F AT
(RDA, 2017). ¥ Az x —35C A EAEE F71EHL

2 W3 A, 9% &b,
B L=

Ws AFsIAE EDM A Wearelxl 7d 2T 3 4,
13,25, 4 7, 6 72 B8t dssidletl, 2ok
o] Z¥z} 74.2%, 82.9%, 82.9%, 85.0%, 94.6%C. & ZA}Eo]
-3.5C AR TAE= Y Tglslis o Sobt AEAelA
ow, WG A d57t A5E a3 EUTH (Table 2).

39 WA sk AT Hl%‘ gL 11.9%30m WA
At AeE Hat SUksl 4 F ARTE 206%, 6
Falle o 7AEe] 19.6%I ) ¥ £3AEE 28 @

Bl ey

1 Fopgo] F7HEEA

- 0|4 - Zoll
A ZHEshd GA] A Foll Wols AlZslal oL
g F7FAT (k= PR,

WS¢t EDHOME ¥ siAE] 235 2ARIS=, ¥
2 AP E 2 F 59 W WSt EDHE ZH7}F 82.7%,
86.4% Zolste] WS AA] Foprt =t et AAEA]
7F G 54290 R AR 9 W s MY & &
d-22] WSe} EDHO| Zol&2 40.1%, 93.8%°=, F &
2] WSSt EDHE 82.7%, 96.9% Zo}alo] Fx}e] Arkx|o)
i} EFolgel YT F F Ao AL A A 2y A

g Aol

A= 2018 AsIE WA E= 2HEYE & 5 AT
(Table 3).
2T} 35C AF 2% #e £33 A= EDMO|

EDHET EUAT 312 01‘%*-7%1 &=uoll wel EDH7}
EDMET} Zolgo] &8 4$% 9lo] (&8 w|A|A]), EDM}
EDH % F9lo] #2813 240 23 A7) Fesi

Table 2. Enhance of emergence rate and damping-off by pre-
sowing cold treatment on the -3.5C stored EDM"

seeds.
Pre-cold Emergence rate Damping-off
treatment (0/) ((Y)
(days) ’ ?
3 days 74.2+3.4 11.9+4.75
1 week 81.9+4.6% 11.9+2.5°
2 weeks 82.9+10.2° 16.6+4.3%
4 weeks 85.0+7.4bd 20.6+4.92
6 weeks 94.6+0.8 19.0+4.5%

YEDM; endocarp of seeds were dried mildly. Data presented are
means =+ SD of 4 replicates. *Means within a column followed by the
same letters are not significantly different based on the Duncan’s
Multiple Range Test (DMRT, p < 0.05). Seeds that produced in
Eumseong-1 were used.

Table 1. Effects of endocarp dry on seedling emergence rate, growth properties and damping-off.

Storage Seed Emergence  Stem Leaf Leaf Root Root Root Damping-
temperature endocar rate length ength width SPAD length diameter  weight (g/ off
(C) p dryness (%) (cm) (cm) (cm) (cm) (mm) root) (%)
2T ws? ND”
EDM?  7650+170° 6.80=030° 450+0.10° 230+0.00° 39.10+0.60° 12101107 470+020° 0.65+0.04° 490+230%*
EDHY  53.30+3.60° 6.50=020° 4.60=000° 220+0.00° 36.90=040° 11.80+0.80° 4.20+020% 0.70+0.02° 6.20+2.70°
-3.5C WS 13.10+130° 4.60+030° 4.00+0.10° 2.00+0.10" 30.50+0.40" 11.40+050° 3.90+020° 0.60+0.06" 3.10+3.70%
EDM  4500£3.40° 6.00£030" 450+020° 220+0.10° 33.20=1.10° 11.60£060° 4.10+0.00" 0.63+0.06" 1.501.90"
EDH  27.10£360° 510+£030° 430+0.10" 210+000° 3250+090° 11.80£0.80" 4.50=0.10° 0.64+003" 3.10+3.80"
T™? < 0.0001 < 0.0001 < 0.01 < 0.0001 < 0.0001 NS NS < 0.05 < 0.05
ED? < 0.0001 < 0.0001 < 0.000T < 0.0001 < 0.0001 NS < 0.05 NS NS
TM*ED NS® NS NS NS NS NS < 0.01 NS NS
YWS; seeds were not dried, ?EDM; endocarp of seeds were dried mildly, *EDH; endocarp of seeds were dried highly, *TM; storage
temperature, *ED: Endocarp dryness, ®NS; Not significant, ”ND; Not determined. Data presented are means = SD of 4 replicates. *Means

within a column followed by the same letters are not significantly different based on the Duncan’s Multiple Range Test (DMRT, p < 0.05). Seeds

that produced in Eumseong-1 were used.
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Table 3. Emergence and damping-off rate of —=3.5C stored WS %= A7 S skl (A vA|A]) Bl Soks
and EDH seeds of different batches after 2 weeks pre- o BElAe] §AaSo] ZHele A PO

A=}

sowing cold treatment. = s o Co
o, & 9 9 Suee feide 5 A 2ad
o= Ay

Emergence Rate of seedling

Batch of oz Ay7tET)
ds Seed dry rate loss R L
see (%) (%) +4-1 WSl Qi Aol 12.1%2=2 Hux|on 1
Ginb ws" 82.7+4.6" 7.4+3.1% o] Melgte 2 mRte s AR Ajole} FAb AxA el
inbu , _
EDH? 96.9+1.0° 4.4%4.7° el Fs mIAA Furt.
Fumseong 1 WS 82.7+12.3 12.1%3.1°
b b - ~
fook iﬂjﬂﬁ 7,7#2‘,91 . BR X2lol| w2 &0 S
+ C + Al _ N
Eumseong2 9(3).8132““ 2(5)122[) g A A AR 239E Be X e ﬁe‘:]—._w_a,
oL4 < 0,007 NS S 2%, A 9ol TR 05%, H2 50 H, 1
ED” < 0.0007 NS o) Aol AT 0.5%, 1%S A3k T4 2 ?—
SL*ED < 0.0001 NS 49 7 vwidskeo] M-S S oy FAlE e S0t =
YWS; seeds were not dried, EDH; endocarp of seeds were dried AL (15% 1IEh), A A2 e ZFols HE2 A
hlghl Data presented are mean of triplicates, ?NS; Not significant, o] itk
4SL; Seed lot, ED; Endocarp dry, ®SL*ED; interaction of SL and ED. - e o' " ol = b s 4 =
*Means within a column followed by the same letters are not ZoHS Eol7] flall 2 FF ¥F o3kE 3§ FAAY
?lisgp/ifécTalntly %ifge;)enst bjsle(tiS on Otlhe clljgng%ns MuclltiEpIe Range Test E 3l A EE s =E FAE 7 86.9% =03k Ao H]
, p < 0.05). Seed lots produced in Ginbu and Eumseong were ) -
sed T P 8 o] ZA} M TEY] Zolgo] A ThEA| Qgkon], AR

A5 2, 27 B3k A FE el 2 Ael7 A &
ek ot H3lREw 1% Ao 25l FAn A
At

FAge] Ju TAEL 19.6%AEd F71643 0.5%7}
Yol 24.5% WAt thi =R, S A, ESIT, &
Z, MIHIE %= FFUSAEH HS —&
ZAE]E-E]' Tha wgkont BAY Zpeol= RISUTE (Table 4).

A Aol og ol oy Yy Famdrt FEl

9 AHES AENEE WF FA EokE x&,t_ 2
B} (Table 2, 3)9 E249] &8 A3} (Table 3, S4-
W2 % 7ol & Aog A}, a3y 3 W

<]

rLHN' o (R

¢—§]— 7]7]-0] gﬂ—o].: Oﬂzﬂ—_ F=A e LgE ;(11]— /\] ‘4

1:!

olg AZRE W] FHEN)Y] BAZ BHI)dE o] Y=

o B WA w3 AE sl Eokeo] Al FEHX

2o

Table 4. Effects of seed treatments before sowing on seedling emergence rate, growth properties and damping-off.

Seed Emergence Stem Leaf Leaf Root Root Root Damping
treatment rate length length width SPAD length diameter weight -off
(%) (cm) (cm) (cm) (cm) (mm) (g/root) (%)

Control  86.90+8.10% 5.60+0.30 3.90+0.10° 2.00+0.10° 27.30+1.50° 11.20+0.30° 4.05+0.23" 0.49+0.04" 19.60=6.50""*
Fludioxonil 88.60£7.00% 5.80=0.40® 4.00+0.20* 2.00+0.10* 26.90%1.50° 10.40+0.50* 3.910.32% 0.45+0.06 14.60+2.30"
Bleach  90.80=5.40® 5.900.20® 4.00+0.10* 2.00+0.10° 28.70+1.80* 11.10£0.90° 4.22+0.13* 0.54+0.04* 15.10=3.60"
B.C. (CJ4) 92.30%8.10% 5.70+0.20" 4.00+0.00° 2.00=0.10° 26.40+2.90* 11.00=0.60° 3.99+0.34® 0.53+0.05" 16.90%2.70°
B.C. (ES17) 84.10%7.70° 6.00+0.30* 4.00+0.10* 2.00+0.10* 28.00%2.00° 10.70+1.00* 3.75+0.33" 0.48+0.04* 14.70+6.50

Inorganic
sulfur 0.5%

Wood vinegar

92.50+9.50% 5.70+0.30" 4.00+0.20° 2.10+0.10° 28.00+0.90* 10.60+0.40° 4.20+0.22* 0.47+0.04" 24.50+5.90°

90.30+6.80% 5.80=0.40® 4.00+0.10* 2.00+0.00* 27.80+1.70° 10.90+0.50* 4.03=0.12% 0.510.04% 13.70+4.20

50x
Woofov(;zegar 90.50+6.80" 5.60£0.30® 3.90+0.10° 2.00=0.10* 27.00+2.10° 10.80+0.70° 3.93+0.26% 0.44+0.06" 15.20+5.70°
Bordo Mix + aQ + b + a + a + aQ + a + ab + bc + ab
05 97.60=8.60" 550=030° 3.80+010" 200£0.10° 2680=2.00" 10.40=0.80" 4.06=0.22" 0.44=0.06™ 20.004.80

Bordo Mix 1% 84.70+9.50 5.70+0.30® 3.90+0.10* 1.90+0.10? 27.00+2.20* 10.60=0.50° 3.74+0.05" 0.38+0.00° 13.10+4.00"

YB.C; Biological control, 2CJ4; Seeds treated with Burkholderia ambifaria, YES17; seeds treated with Paenibacillus polymyxa. Data presented are
means = SD of 4 replicates. *Means within a column followed by the same letters are not significantly different based on the Duncan’s Multiple
Range Test (DMRT, p < 0.05). Seeds that produced in Eumseong-1 were used.
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Table 5. Fungi list isolated from the damping-off seedlings of o|HEZRE WYg Ao gk B A Ay A 23}
ginseng in the nursery greenhouse. Hg) F2he v]u)SAOn (Table 4), M| F2l8e W}

Count
Species

Number %
Penicillium sp. 6 24
Pythium irregulare 5 20
Fusarium solani 5 20
Plectosphaerella cucumerina 3 12
Fusarium oxysporum 2 8
Mucor strictus strain 2 8
Trichoderma viride strain 1 4
Umbelopsis isabellina 1 4
Total 25 100
No recovery"” 23

PDamping-off seedlings showing no fungi recovery.

SHAl S, 314 (Panax quinquefolius L) FSAFA] B
g HEHS A=Y F Ue HddEe] dddE v 9o

(Ziezold et al., 1998; Reeleder et al, 2002), TAE &3
A XS Qs SR Al st Ate AEE o &
RO A7t

4. YW Aol 22| s3

AR

AMgslomE S Qlat =X
W delitFe A7t s e
A oEFERE gEYE sk
7§ olHFAN dEHE A=, 1 F
25 JRAlA o] ZHAAL, ITS H7IHE A A3
Pythium irregulare3} Fusarium solani7} ZY7} 20% HEF3
< (Table 5) o]&2 <U4te] e Mol AdET= B
¥ vl At} (Lee, 2004; Ivanov and Bernards, 2012).

1 9] Penicillium sp.7} 24%, Plectosphaerella cucumerina

=

l

st

7V 12%, Mucorstictus strain®] 8%, Fusarium oxysporum®]
8%, Tricoderma viride strain, Umbelopsis isabellina’t Zt7+
4% AZEAJT. E oxysporume Q4 WAFOZ gL
o ¥ HESHS doFive By% =Yl (Punja ef al,
2008; Park et al, 2012), 2L 9 452 IdWHoE BEF
Ao °Lﬁqﬁ nom Qlptolxe] Ba] A5 A ARl=
dHA A ¢

1A} :v_@

R

$B Al gk
Wesh, WiEAo] 7|5t &,
S ek o) B Are Jare] wy
ol & o= BT}

Ziezold T (1998)2] Aol w5 A FAjolA RS
gk Welsto] o EAEA0Y o]F9 AFeME AF
B g & Fx} 2gdl 93t 3y A7 a3 gl

th 2 b
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=t (Table 5), YL
g 717ke] ST
s}tk (Table 2).

A2 FolE o Egrkie] SR A
MEZAe| H37l 3 (Han et al., 2017), %
WAL A&l E&Fet7] ftt (Jha er al., 2017). ¢
T T AdHelM e Az} A2l AS 7P A,
Ho] 27 E E2= AL Aalsle] A7) AL =
L o] AEFAE WL 7],_Ho] =t}

A g9 Asle B Y BFOE o|ox L Ehfe] ¥
A e FAFEZFE A=Y 4t (Ziezold et al.,
1998; Howell, 2007). =, <14t $2k= AJ2d FHERE 9
3 A2 A= AR T8 F U o Aol =&HW
YEES Hojud 5 IS A ST

B AT A Jizte] B At TAE Bl IEE] 9
'8H *MZ* FHEN 5207 Ao A of A E 7

- Ash= Aol frElshH, ¥ A8 Al 3 Ao WA
%ﬂé}ﬂd oS =Y F e B Fo] B e
gHol Ego] € AoR A7ztEe ulelt}

W 27 g0lo® ok A 2
U;H ol 7 bﬂ-/\go]

[e3 e

=

—|—‘_4

D

Euto
Hlo

=

O

g
Al
=
=

OP

2| 2

%ﬂ ATFARA (FAHS: PJ01094301)2
cq]-—Xth?SLOJ AEATLY 3 A
F=2 olof A=Y
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