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Effect of Seed Density, Number of Seeds Sown Per Hole and Thinning Treatment on
Growth Characteristics and Disease Occurrence in Greenhouse-Cultivated Ginseng
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ABSTRACT : This study was conducted to investigate the effects of sowing density, number of seeds sown per hole, and
thinning treatment on growth characteristics and disease occurrence in Panax ginseng under direct sowing cultivation in a
blue plastic greenhouse. Seedling were grown from 2 or 3 seeds sown, and the healthiest was only retained, while the rest
were thinned out at the foliation stage. NOs-N, P,Os, and organic matter content differed significantly between growth
conditions in the plastic greenhouse and in conventional shade in the soil. Disease also tended to be higher in the conven-
tional shade than in the plastic greenhouse. Plant height and stem length showed an increasing trend with increasing sowing
density and number of seeds sown per hole. However, these measures noticeably decreased when thinning treatment was
conducted. Growth of the subterranean part of ginseng was not markedly influenced by sowing density, the number of seeds
sown per hole, or thinning treatment. Root weight, which is an important factor in yield, was significantly affected by the
number of seeds sown and thinning treatment. Interestingly, root weight tended to be higher in the thinning treatment plot
than the untreated control plot. Damping-off and root rot increased noticeably as the number of seeds sown increased. Dis-
ease also tended to be substantially higher in the thinning treatment plot than the untreated control. However, physiological
disorder of the plants did not vary with sowing density, the number of seeds sown, or thinning treatment.

Key Words : Ginseng, Sowing Density, Plastic Greenhouse, Thinning Treatment

M oA a3 e Aot Bae er al, 2005). Hole <lake]

F sl g $7 iFEEA A AN IR

287 FAE| Ul AnAt AAE AL A wEd ko] & BAZ UIFEI ok dfuksid it AERES <)

MRS FoRAgel dis] FA A 7HRE Ja AR O HARR 7ekA] 9aL 3ol 9% okeRE

(Yoon and Han, 2005) #4te] Zo] Jumr Hx} ¢bdd 2 A8lal Qlojr] S 78w AJFe] o7 FAML o}

HAT ol IA #AES FILATh ke WelE el Yk 3RS0 tigh 2] b BSk F8skAl aEskar
elsled mid =A o] A Ho] (Kim er al, 2008; 7] wiZelth (Jang et al., 2011).

Mok, 2000; Nakada and Takimoto, 1922) ¢14te] ¢Fg® <= BlEd| ofs)] Huty]e e W AFEwe] A (Madden,

2 SHE 93 FrlAE wid SREsekS 103 Ax A 1992)0] AL H7HY SR AuE Q4te] ASTI7ke] ZojA

fCorresponding author: (Phone) +82-43-871-5551  (E-mail) tcseo2@korea.kr

Received 2015 April 17 / 1st Revised 2015 May 22 / 2nd Revised 2015 June 3 / 3rd Revised 2015 June 5 / Accepted 2015 June 6

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecom-
mons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original
work is properly cited.

198



T

(Kim e al., 2006; Lee et al, 2007, 2011) &3 s7+gA
HE P e FuskeH fstth (Lee er dl,
2011). 7k BlEo] ehds] Apdsof Zef] ofs) olsshs &
AEolu gt 2 BEFEA el Sato] AlglEe] W
o] Aol A3l (Kim et al., 2006, 2014) #Ysf7tgel wla]
TRl ol 2Hti7t F3E] (Lee er al, 2011) ALFE
O1AkS oA o 2 AL & £ Q) e HdEgAE U
A7t ol wd si7HEG 725 ot 7] wliel
2 A7 fA 2 St (Lee er al, 2011). B3 227
SIS WHs] S8l Felet ARdE & Aol o] B
st Aol ghaw wego] Ash & 27k 9l (Kim,
2011; Lee et al., 2007).
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B A4 3RS CN £417] (Auto analyzer
Norderstedt, Germany)S |83l S350, B¢ &
71E T S T v TS ol&ete] sl 9
3 AxksIact X3 kol $FES | N NH4OAc (Dusan
Science, Seoul, Korea)® 2 &%t & 1 ofxjl S FZ3S
Zf=oE3EA7] (Integra XMP, GBC, Braeside, Australia)
£ o|&3st] A3t

o =
=

o oo

AP G AR Aol Rl =Eek 20144 6¥
15el], Hele] 52 8 AZI/] 108 1590 W=
207410 MBS AF skl 2t ARSI A= 2,
8, 7874, 98, 95 € el 28, 25, 24, AT
55 7 ZARINAL, 954 TR XAl (SPAD-502Plus,

Konica Minolta, Tokyo, Japan)& ©|-&-3lo 574313t}

g 997k 2F 7HAc=w Wl ZhE A
HA=EAHoZ Zhz} 71d% MAES

LY 8Qte g Ao Buls
U U
(Rhizoctonia solani)3} UE2] % 55
7 oB= AAS Huke] PRl =

aedi wlojujo] Ehzng

(Pythium ultimum
RE A4 B2

[e]
ELD



oY - B - Fol - 7 -

A (@ 1520 g/IL DW)ll & 5 25-30TColl A 24-484]7F

R BE7|el WSS, ZAo) ol UoE T4 1Y
3} 2% (sepum)$ A3}l AT PUS ek @
Y (Colletotrichum gloeosporioides)? F=1W (Alternaria
panax)] G s UL sjREvAoR Rol Bz
7} Rold 7 Hurs EskufR|o] Ho] BAYIZA7} Eskxiu)
Aol BEE & Fol Al ole) zBe H43 wdshH
A EFEiA o] ol BAZAE SRlste] AHE Wt
< APEsigck Aw, o9, e, JFansy S Wy
sl UHRES 7zt Aws ede 1-0%,
2=10%"1%F, 3 =11-30%, 4=31-50%, 5=>50%01"3<] 5+
2 2ARIE alist FAREEe A4 Al tg
’\g‘g‘i }L]"EO]'}J\E]'.

ma% 10

5. SHEH

QU s Akl A SHERS 2 FeAU7t A8

H wkilof] X P ttestid I ANOVA H4HEAS o]
gato] BAsITE BE AL SASEE T (SAS 9.3,

SAS Institute Inc., Cary, NC, USA)S o]&3}it}.

D=

i

21}

b=

=
S 1y

1. Hidoleaet Bl EotalsH U ¢
ol

Table 12 BIdhe2st Bash/lRe] 4 3 Egsioby

o # Asolt. EF pHi vIdak-2sh BYs/kY 7o)
Aol7t YA A4 BB 71F (pH 5-6) 89 el

Eojgor, WdrsE AYs7ide vdsles 2% A
Eoksleby 7152%] 0.5dS/mETE e $HRS B, vl
-2 AERED 02dSmAE U E2 S UE
Witk ke i vdahe-2 (5.9 mgkg)k ot Aays) 71
(12.1 mgkgplr o B 2 23t Hasirigde] 2t
AL e u]ug—}%/\iﬂr = zh: wokz| w2 xuq Eok
st 713 HE W (10~ 20 mgkg)ell Ytk e Hds}
25 A4 EYse 71 2o 2 ¢S 2otk 33

IR - sisE - ZVIE - MEHE

i

a7H (2011 mgkg)t HIE SR (177.1 ghg)e) m@%&~
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Porpotato, 2007; Nobili et al., 2006). 53] ESF & {71
Eo] Fr1ske WA mAE A Wert =i EgEA
o] 3713Y o w53 %18 Atk (Eo et al, 2011; Wang
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Hth= 23 (Agehara and Warncke, 2004; Deenik, 2006;
Joa et al, 2012)2} 7ol HHse-20) v =& A3} o
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Fig. 1. Comparison of soil temperature and humidity

between blue plastic greenhouse and conventional
shade located in Jinbu, Kangwon Province, Korea.

Table 1. Comparisons of soil texture and chemical properties of the investigated field between two growth conditions.

Ex. cation (cmol*/kg)

Cultivation Soil pH EC NO; P,O5 OM

method texture  (1:5) (ds/m) (mg/kg) (mg/kg) (g/ke) K Mg Na Ca
Greenhouse Sandy 5.3 0.4 5.9 177.1 4.5 0.1 1.0 0.05 5.4
Conventional Sandy 5.5 0.2 121 201.1 6.2 0.1 1.1 0.04 5.3
t-test - NS NS o o * NS NS NS NS
Common range Sandy 5.0 ~ 505 10.0 ~ 50 ~ 10 ~ 0.3 ~ 1.0 ~ 0.05 ~ 3.5~
for upland soil loam 6.0 o 20.0 150 20 0.7 2.0 0.15 5.0

Values are averages of three replicates. * **significant at the 5% and 1% level, respectively.
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Table 2. Comparison of disease incidence rates between ginseng
cultivated in a plastic greenhouse and in conventional

shade.
Cultivation Leaf blight ~ Anthracnose = Damping-off
method (%) (%) (%)
Plastic greenhouse 0.0 0.0 5.7
Conventional 56 46 142
shade
t-test sk kk kk

Values are averages of three replicates. **significant at the 1% level.

ztzt 62mgkg oF 45mgkg C2H AA EBEY 71FEXQ
10 ~20 mgkg WLlHTE vhe AHS WA 2 A 7F
143 zlols VeI Be] Ao & 92 vlx
t K g3 A1y a) vdskes nE A eokslsha

71221 0.30.7 cmol/kg Bt} 22 0.1 emol'/kg & YERNSATH
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Hot. vidske-ae ddsride vl EdaEehie] vot
A7 BEY 230l J4E 7o) Akl B sHA|vE
(Kim et al., 2014) F3Fai71g3} v B oo
22 G715 oFbe] zpolE YERNAEA HA EgsiEhy
715 Wele] 2Edom, T A 7kl GeFel xjol= Ho)
2] ket vidskeae el ehds] apdEo] s
7Heol Hlsl Edaghae] Yol IflHoR A5 ] W
ol B 3o AFFAe] gA | Aoz dAdker). 18
U QiR thaA ZHEo]7] wiite] A X3 AVIPEE
< F 4 AL HES "art

Hd a0t Alartde] Fa
I= Table 29 2t} HFHHS
sted], 53] 222 tgek 5~69°l A
&S F3L (Kang er al., 2007; Kim et al., 2008) T-44
o] WHE 6Y skt HoIM A2ty 27191 8Y ke
2710tk (Kim et al, 1990). <15t ebx @} HFH W2
HAEAE HEdd oair AuEe hEAQ] Hddsoltt
(Hill et al., 2009; Madden, 1992). W&} HIE-S &3] 2}
ek Hidske-2RTE Al 7tES el ol Ay,
EAH, EYEA Wel o] o 4lZbsiths BAl (Kim e
al., 2014)°} 7o) APa7iolx] @Ay, Ay, 2a4sy

SOl folg Gl ol WStk Akl At WM

W (Cylindrocapon  destructans), = ZZ=W  (Rhizoctonia
solaniy#t 7+& EF AdA4 W olF B #AIE e

3L (Cho et al., 1997, Choi et al., 1980; Park and Chung,
1985) Qlat shgteEat dmuold) Wi Aol el
(Botrytis cinerea)®] A S 57 AlF]3L (Heuvel, 1981;
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HAAEL 7F5ol 9siA dFs7] W&l (Taylor and
Adedoyin, 1981) 74971 €4d38] apckd A ske-2ox = |
ko] At} (Kim et al, 2014; Ma et al., 2008). wEhA]

A2} 9 BRRHEe] Fgol Eu o] B WA

= udale Ry BRAYA WAFe) Wt o oA Q)
A Sl O 2 el o] ¥ Aow waE,

2. BR HEUCOL £3520ll 12 MSEM

A% Ay E5de 9 99 9y g 1dAy
el 24, A%, AAA, 9%, 945423 (SPAD %)
froldol IAAT Mo er al., 2014) 2348 ake] =74 7
Z} AE A

A= S
&, FER M el e AfelE BT (Table 3).
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HupAul Al Ut 2255 AP ATl 24
2 27o] ZAojzltis B3l (Won and Jo, 1999)9} 70|
et 9 U SRS 24 Bl St

stk W= S22} Aoe B EaEs 99 ey
o W Age] Aol gAY ke 34 o] FRE AAh
St A3 el BASP F7EPAN FRES T
o= B} 2| (Jin et al, 2009; Lee e al, 1978) 19
Aol Bl 234G E o 2 9Fe UAE AL 8 @
F It AR HYHOE Fusp] S B 2, 39

o= =
Eacacla

TRk oM AT g AR E713 YA JRAES
FohdS W 2L Haste 4TS BTk Lee &

A
vf:-?,——\__

(20122 FH5318
o & IS A
wal gl 3

1991y A=
oRRItkal KISkt s

al., 2008). WA 53312
BAZ, AFE, 954 T FolA 7]
AR = ok 23S 1~24
S5} =g YR FeEol A Aol A
S Zpol7t FASHA] %9h7| wiZol2kal AT (Jin et dl,
2009; Lee et al., 1978).

SEUE, YT, 5a A Qate] A AS 9 ¢
2 Table 49t 2t} SEEE7F w0/ A 7+ RS
QAR F7HR 1g FP e Ak} T F
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2008; Cheon et al., 1991; Lee et al., 1996, 1998; Park et
al., 1987) & AFAME FAGE A5 JeRA 19439
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Table 3. Effect of sowing density, number of seeds sown per hole and thinning treatment on the growth of above-ground parts of ginseng

under direct sowing cultivation.

Sowing denzsity No. of seeds sown Thinning hPekilgnl:t IZ;egrtTL j,tae;? Ielfgatfh V\I;E;L SPAD
(Seeds/n) per hole treatment value
(cm) (cm) (cm) (cm) (cm)
1 No 18.5 6.5 6.7 3.2 2.0 255
2 No 211 7.0 7.5 3.6 2.1 23.6
22 2 Yes 20.3 7.0 7.0 3.2 1.9 23.8
3 No 21.0 7.2 7.0 3.5 2.1 233
3 Yes 19.8 7.0 6.9 3.2 1.9 23.8
Mean 20.1 7.0 7.0 3.3 2.0 24.0
1 No 19.2 7.5 7.1 3.3 2.0 25.0
2 No 20.2 7.1 7.4 3.4 2.1 25.4
28 2 Yes 19.8 7.2 7.3 3.4 1.9 25.4
3 No 21.4 7.8 7.3 3.5 1.9 23.2
3 Yes 20.2 7.1 7.0 3.4 1.9 23.5
Mean 20.2 7.3 7.2 3.4 2.0 24.8
1 No 20.9 7.5 7.7 3.5 2.1 24.2
2 No 20.8 7.5 7.4 3.5 2.1 23.7
37 2 Yes 21.2 7.7 7.6 3.5 2.1 23.9
3 No 22.2 8.4 7.4 3.5 2.1 23.7
3 Yes 21.6 8.1 7.2 3.2 2.1 24.2
Mean 21.3 7.9 7.5 3.4 2.1 24.0
1 No 20.4 7.1 7.4 3.4 2.0 243
2 No 20.9 7.9 7.3 3.5 2.1 23.9
44 2 Yes 21.9 8.3 7.8 3.5 2.0 24.0
3 No 22.7 8.5 7.7 3.5 2.2 23.6
3 Yes 21.0 8.1 7.4 3.3 2.2 24.3
Mean 21.4 8.0 7.5 3.5 2.1 24.0
Sowing density (A) * * NS NS NS *
No. of seeds sown per hole (B) * * NS NS NS *
Thinning treatment (C) * NS NS NS NS NS
Interaction (A x B) NS * NS NS NS *
Interaction (B x C) * NS NS NS NS NS
Interaction (A x B x C) NS NS NS NS NS NS
Values are averages of three replicates. *significant at the 5% level.
ks s Btk €9 dsdae 2 99 0 3. UE2E, g9 nEY, 32l UE Meldd &
A AR 2743 230 2 9L A Lee 5 W WA O
Q012 WA A HeAE 2FS Bl ) G%e B 4P A% BFUE) hE wISY (Rhizocionia
Xt RIS, B A £ 252 = solaniy® BEEVR-SH (Phythium ultimum)®] -2 2o|7F ¢l
o fole eI W ol Wele] Age wEw QAT I REyset $oeE sEUsu w o
=, U9 ey, £eAels) 9% A Witk o] el 2 P2 T (Table 5). AT HEYo] FHIFE
A wele) ASE 54t ol DHT WAL 2ol (Cheon MW WS TR B Uehich 14T 53
et al., 1991; Cho et al., 2008; Lee et al., 2008) 2| 3}Ajul g2 Qlake] B ARE, §A5948% B SHRAAS 5
A AAe) quARsTE AAsle Aol A o) F AT vide] Ao FAEAY o] Yolw 2o A
2 Axsab] vEe] Fe FUlske Fad aoldky B A} Bekgel Hw AxHe] Hads o] 1A%
gEt) o] ZasH ®tls B (Cho er al, 2008)°F o] 5
o} T shEo] Z7iekA FYo] hsiel A 27
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Table 4. Effect of sowing density, number of seeds sown per hole and thinning treatment on the growth of below-ground parts of ginseng.

Sowing density  No. of seeds sown Thinning Isr?gOtL Root diam. Root weight lateral roots
(Seeds/m’) per hole treatment (cm) (mm) (g/plant) per plant
1 No 17.1 10.5 3.3 3.3
2 No 16.6 10.4 3.9 2.9
22 2 Yes 17.3 10.9 3.9 3.3
3 No 17.6 10.1 3.8 3.4
3 Yes 17.7 10.0 3.7 3.4
Mean 17.3 10.4 3.7 3.3
1 No 18.9 11.6 5.3 3.3
2 No 18.1 10.3 3.9 2.8
28 2 Yes 17.2 10.2 33 3.4
3 No 16.9 9.8 3.2 3.1
3 Yes 17.6 10.1 3.5 3.3
Mean 17.8 10.4 3.8 3.2
1 No 19.1 12.2 5.6 3.5
2 No 18.6 11.3 4.5 2.7
37 2 Yes 19.1 11.6 4.8 3.3
3 No 16.3 11.2 4.8 3.0
3 Yes 17.5 11.1 4.2 2.9
Mean 18.1 11.5 4.8 3.1
1 No 17.8 11.3 3.4 3.5
2 No 16.6 10.6 3.4 3.1
44 2 Yes 18.0 10.6 4.4 3.2
3 No 16.5 10.5 3.6 3.2
3 Yes 16.8 10.9 4.0 2.8
Mean 17.2 10.8 3.8 3.2
Sowing density (A) NS NS * NS
No. of seeds sown per hole (B) NS * * NS
Thinning treatment (C) NS NS ok NS
Interaction (A x B) NS * NS NS
Interaction (B x C) NS s * NS
Interaction (A x B x C) NS NS * NS
Values are averages of three replicates. *significant at the 5% level.
o] XA Ealr] wiFol| ¥ dAlo] FUtet Aoz et Hl (Bateman and Lumsden, 1965; Shaykh et al., 1977)
ok ate] Auiske A= cuticlese] TEo] vl HloF  FUR AFHEe} dFFolM FEAE A e A
0}71 witel WdS T2 2 Fefll A AR ol Hls) W @AYol T wH Ae® Hob HuAE Al
wguo} nepoR WAE 27) FEole o] Atk (va A AARSIo] Welwel 7o) e Aoz Azt
et al., 1990). Cho 5 (2004)> Rhizoctonia solani= 2EZ wEbA Q1] FE ARl RES FHs] S8 E9 39
Zo] sk 4dET Z717F ALl Ak 2dAM | 4 o 23S 953 fﬁ 237 @ A 715 YA AR
A ARdts nasdch 89 2, 39 3 T 40T 52 ol W Wel dF AFES AT & Ak A%
AR B0 UeA] TAlES Sfehisle W 19 v @ geleial sdkEn
TETh BASYT WM eye) wyEe] O ETh 55 Qo] AR Sl APFoR JYS WAE A, &
29 hE T w39 e oM o B UMES B 3, gk 2o Augele wae vEuE, 39 95,
ATH AEHAFo] A Eo] AYEr] A3te] cutinasedt  HoAE Tl E FTS A AT} (Table 5). B, AW,
polygalactronaseS #H|3te] 2]EA] #3]9] cuticlex=} AE Suje} ke A S| (Hyun e al, 2009; Kang et al.,

o] pectins £ T sl ZHEv 2y e
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Table 5. Effect of sowing density, number of seeds sown per hole and thinning treatment on disease incidence and physiological disorder

of ginseng.
Disease incidence Physiological disorder
Sowing density No. of seeds Thinning ) Nutrition Rocambole )
(Seeds/m) sown per hole treatment ~ Damping-off  Rootrot ‘e - Rusty hape  Rough skin
(%) %) w0 o (1-5)
1 No 8.5 11.3 0.0 2.1 27.4 2.0
2 No 5.4 11.7 4.9 1.6 9.5 1.8
22 2 Yes 7.8 13.5 1.7 2.3 20.6 1.7
3 No 7.7 25.5 14.7 1.9 10.0 1.7
3 Yes 9.7 10.9 1.7 1.9 19.7 1.9
Mean 7.8 14.6 4.6 2.0 17.4 1.8
1 No 5.7 2.6 4.5 1.8 9.4 1.1
2 No 9.7 10.7 11.1 1.8 16.7 1.5
28 2 Yes 18.6 9.4 2.0 2.0 25.2 1.2
3 No 15.9 23.0 4.5 2.5 10.0 1.7
3 Yes 26.5 20.3 2.0 2.1 10.8 2.0
Mean *° 15.3 13.2 4.8 2.0 14.4 1.5
1 No 5.6 2.8 0.0 1.6 5.1 1.2
2 No 6.2 4.7 5.1 1.8 3.3 1.3
37 2 Yes 8.8 8.1 4.4 2.1 26.1 1.5
3 No 14.1 2.9 7.8 1.7 3.3 1.3
3 Yes 20.5 3.6 3.5 2.1 5.6 1.2
Mean ° 11.0 4.4 4.2 1.8 8.7 1.3
1 No 8.2 7.4 5.1 2.1 44.4 1.8
2 No 6.5 14.5 6.7 2.1 18.1 2.2
44 2 Yes 11.6 20.6 5.8 1.7 14.0 1.8
3 No 9.3 25.3 5.5 2.5 18.3 2.3
3 Yes 19.7 23.5 3.4 1.5 8.9 1.5
Mean 1.1 18.3 5.3 2.0 20.8 1.9
Sowing density (A) NS NS NS NS NS NS
No. of seeds sown per hole (B) NS * * NS NS NS
Thinning treatment (C) ok ok HE NS NS NS
Interaction (A x B) NS NS NS NS NS NS
Interaction (B x C) o o o NS NS NS
Interaction (A x B x C) NS NS NS NS NS NS
Values are averages of three replicates. *significant at the 5% level.
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