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ABSTRACT : This study was carried out to investigate the difference of the content of soil chemical components and growth
characteristics in six years old ginseng affected by application of decomposing plant residues in paddy-converted field. The
results show that aerial parts of ginseng are no difference between press cake (PC) 200 kg/10a and control but subterranean
parts of ginseng PC 200 kg/10a, especially quantity related root fresh weight and tap root diameter, are statically about 1.6
times heavier and about 1.2 times thicker than the ginseng control. Furthermore, the survival rate of PC 200 kg/10a is
67.1% rise significantly compare with the control 50.7%. But compared with the PC 200 kg/10a and the PC 400 kg/10a,
ginseng root growth and survival rate of PC 400 kg/10a get worse and that increase physiological disorder occurrence rate
than PC 200 kg/10a. Even though there are no significant differences between the ginseng of decomposing plant residues
except press cake treatment and the ginseng of control in growth characteristics, it does tend to increase the survival rate
and decrease the physiological disorder occurrence rate in most fertilizer treatment except for RSC 2 ton/10a, RSC 4 ton/
10a and RH 4 kL/10a. Noted that EC is highly increased and exceeded 1.7 ds/m in RSC 2 ton/10a, RSC 4 ton/10a and RH
4KL/10a. It would be caused physiological disorder in many ways and affected ginseng growth characteristics, survival rate.
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M oA <guEte] Qak AMIEAL 20008 12,445hal O 2009
d19,702ha OF 1.68) Z718}9TF (MIFAFE, 2013). 224}
OI4 (Panax ginseng C. A. Meyer)—— e 2EURa 2009 o] % A=A FHIE Qg 2K FEHL AR F

(Araliaceae)l| <8h= E‘r“‘“ﬁ oREAER 4~6d S TY PE = AEAE FaAIA 20120 16,174hacllA 14t
3 9ol Aebrle] QA gl ) o}oq o] ogels o] AMiEm Atk olo] tF AN A=l Fua
/%];‘é_]oﬂ Lq.:j: 0361:& = U}o] W=t} (Jin et al., 2009). o] 7] .r]o}] =9 "oz 33}k Eoc}oﬂ SRR ZHHHE].‘:_ 7424}
wZell, late] e W At 2 FEFHE Hsi= W Jo er al, 1996)°] HAF Sojual Stk mellMe 14t
EoFe] olgleld] HAL WsAZ Best Jeul (Lee er al, PR SEARE) 7157 Hele] TFEA = WE 4597
2004), <A A Al A {71 FY AR AMgE A FE) °*°I A = ds %‘—i—t& olUz} (Lee et al., 2004)
Joz EFBAS L] YRES WAL Ak Bl o) ik Aasle] T AAF Clindrocarpon.
(Woo et al., 2004). destructans 52 UE7} 74480 QS-S AAsk=E =4
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o] siMEo] oA QS AulE = Q7] wiiEelt}h (Cho
et al., 1995; Kang et al, 2007; Lee et al., 2007; Rahman
et al., 2005). T3k, A4 =AulE Ao DA} v st
kel R, ke ElE B AR RN E Zfolzt §l
= 02 HIET Qo] =HFE el ApiHAe sold
Avroltt (Lee er al., 1995, 2004). AT, =45 EkS
WEGT g 2k @t vigR Akske) g9l A7t vEE
Hog dojuy= A (Yoo et al, 1999; Fagan et al,
2006) F71&E W& Ert e Qlate] 3 Bieldl] 5oy
A o] AgslE WAAA T FEAS Hojmd F
ATH (Park ef al., 1982, 1994). A Ase= 24 HS &= 5
AY 9 Akl 2EgE Foll ol AR S QAR SARA
2 5 JOouF (Lee ef al., 2008) 715 WA R Tt & A H
g Al F712HE A&l Fe7F st (Hyun er dl,
2009). 12k =AE A A Al F7IHHIER sEMIH|E
of 2 &84 HEY FEEHIE A& HH ES W
ECSt 77187 58 W2 Al ol S7MA A2 A
M= GA AFE PAIAE = 7] wEelth (Jang et
al., 2013; Jin et al., 2009). wWetr, Aedslo] kst o4t
w=ARe] 79 1o g A3 471 vE Ae 2 AA A
Hgo| mE A-27F Jasht digh Ago= o) el A+
7h A A AE] Al F71E HE AL e Q1o F
2ol A3 AF (Lee er al., 2003)8F 29 w2 E9ke] o]
3}sk4 A2 (Lee et al., 1995; Ko et al., 1996)% 34 5|0
ATH

B e i =2 8 A el Al AYAsiE e

L
F543 AlaE BAsto] 4t =A Akl 714

1. sSVIE2 A2l

E AFE 20063714 H1E ApiEhE =g woZ H3kst
FENEH AHDASZAEY QSRR Al EAlA 2008
ARE Feiith A A ES 2443 stedo] FEst
Tttt 59 3900 IESIATH (Table 1), FELeks
e 79 15900 sl Aol 4,488 kg/10a] AT A2
I ZEE= 79 204%E 102 30¢7HKA 10 7HEeg 7}
7} 1038] At Feagtas FA T AlFelA] g
A EA F7185 20083 119 5004 102 Alojol] T 3
HHEO 2 A3, 148 +F B2 54 x .8m= 3FATH
(Table 2). MWL FA+E FiL HZAFHH (1 ton/
10a, 2ton/10a, 4ton/10a), %7 (1kL/10a, 2kL/10a, 4KL/
10a), 7% (1kL/10a, 2kL/10a, 4kL/10a), 2} (100 kg/10a,
200 kg/10a, 400 kg/10a)ys A=At 194 AEE B4
2009 3¥ 17904 30 Ateloll & 7HAS 20cm 2 3]
1= 7574 ol2lsidtt. a7 39 23UelA 48 1Y A}
olo] AA|EAIL polyethylene 452 237 (F3+31)e 4
4 134 49 244 Afelol] AX|EIGALE. o] % Wl WA,
AzAA 2 7leltEE it GAP EFAR Aol F=319it.

£

Table 1. Chemical properties of before and after the management of preplant paddy-converted soils.

: Ex. cation
Soil* pH EC OM /;"8"
25 K Ca Mg
(1:5) ds/m g kg mg kg - cmol, « kgl ———————————-

Before soil 54+017  030+0.13 14 +1.32 74 +3.14 0164003  2.8+0.24 1.0+ 0.13
management

After soil 55+020  0.35+0.18 14 +1.08 82 +2.45 0144002  26+0.18 1.0+ 0.12
management

*Soil; Saprolio. "Mean and standard error are presented (n = 3).

Table 2. Chemical properties of decomposing plant residues used for the study.

T-N P,O5 K,O CaO MgO Water content
Compost*
_______________________________ % S P
RSC 1.13 0.58 2.04 1.99 0.69 68
RH 0.24 0.06 0.51 0.12 0.04 -
RHC 0.47 0.15 1.44 0.23 0.07 -
PC 3.89 2.21 1.35 0.89 1.01 11

*RSC; Rice Straw Compost, RH; Rice Husks, RHC; Rice Husks-Charcoal, PC; Press Cake.
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Table 3. Characteristics of 6 years ginseng growth and survival rate by application of rice straw compost.

Leaf Stem Root
Compost length width length diameter length diameter  fresh weight  survival rate
(cm) (cm) (cm) (mm) (cm) (mm) (g (%)
Control 15.5+2.4° 58+1.0° 53.0+8.0° 7.8+22% 243+34% 223+3.6° 39.0+16.2% 50.7
RSC1 ton/10a  15.2 + 2.7° 54+1.0° 5471797 7.1 +1.2° 231 +45> 21.5+34% 3534122 66.1
RSC2 ton/10a  15.5 + 3.17 56+0.9° 496+11.1° 74+19° 251444 222+44 414+164° 50.7
RSC4 ton/10a  15.4 + 3.2° 56£1.0° 493+93" 84+22° 26.3+3.8° 222+32* 38.6+164° 45.4
*Mean with same letters are not significantly different in DMRT (p < 0.05).
Table 4. Characteristics of 6 years ginseng growth and survival rate by application of rice husks.
Leaf Stem Root
Compost length width length diameter length diameter  fresh weight  survival rate
(cm) (cm) (cm) (mm) (cm) (mm) ©® (%)
Control 15.5£2.4° 58+1.0° 53.0+£8.0° 7.8+2.2° 243 +3.4% 223£3.6% 39.0%162% 50.7
RHT kL/10a  14.8+3.0° 54+1.0° 492+101% 73+13® 234+3.0° 21.0+3.1*° 327+151°  69.8
RH2 kL/10a 133 +3.6® 49+13" 43.6+142° 67+21° 233+23" 204+3.1° 343:11.0° 650
RH4 kL/10a  15.9 + 3.2* 5.5+0.8° 53.6£14.2* 7.8%1.6% 242 +3.6° 228+4.1* 404x17.3° 63.4

*Mean with same letters are not significantly different in DMRT (p < 0.05).
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Table 5. Characteristics of 6 years ginseng growth and survival rate by application of rice husks-charcoal.

Leaf Stem Root
Compost length width length diameter length diameter  fresh weight  survival rate
(cm) (cm) (cm) (mm) (cm) (mm) t] (%)
Control 15.5+24° 58+1.0° 53.0+£80° 7.8+22" 243+34" 223+36° 39.0+16.2% 50.7

RHCTkL/10a 13.7+25* 52+0.8° 438+105° 75+12® 268+3.7° 261+47° 50.7+10.32 65.6
RHC2 kL/10a 15.6+3.4* 54+11% 540+13.7* 80+1.17 226+3.1° 219+29> 36.5+10.7° 65.6
RHC4 kL/10a 13.9+4.5* 49+15° 449+153"> 70+18> 266+3.6% 225+35° 40.1+13.6 43.9

*Mean with same letters are not significantly different in DMRT (p < 0.05).

Table 6. Characteristics of 6 years ginseng growth and survival rate by application of press cake.

Leaf Stem Root
Compost length width length diameter length diameter  fresh weight  survival rate
(cm) (cm) (cm) (mm) (cm) (mm) © (%)
Control 155+24% 58+1.0%° 53.0+80° 7.8+22* 243+34> 223+3.6° 39.0+16.2% 50.7
PC100 kg/toa 141 +3.1° 54 +1.2% 452+13.2° 72417 286+4.6* 222+41" 41.9+90" 61.2

PC200 kg/10a  145+2.3" 53+07° 529+80° 74+15 265+4.0" 265+54 633+17.8 67.1
PC400 kg/T0a 16.6 +2.5*  59+1.0° 586+77° 74+13 240+3.7° 23.7+32% 49.0+18.3% 60.2

*Mean with same letters are not significantly different in DMRT (p < 0.05).
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Fig. 1. Physiological disorder occurrence rate of ginseng aerial and subterranean part affected
by application of decomposing plant residues in paddy-converted field.

el W Eo] = AELo] e dole gl AyTET} Rice Husks (RH) 2] <l4tolX = AEEAIHNA A&
e APl e Esta A2 T B Ul dFe=r =71 ol] FAglo] F9A Jde AolE AT = (I, @R
wfjFo|gt ATHET) (Table 7). 2kL/10a A7) AJol|qt o1xke] XA Ao Bkt A=
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Table 7. The Chemical properties of paddy-converted field by application of decomposing plant residues.

Avail Exch. cation
Year Treatment plot pH EC p O. NO; OM
25 K Ca Mg Na
(1:5) dSm' mgekg' ————————- cmol, - kg t-—————-——- mg- kg g-kg!
Control 5.6 0.44 86 0.17 2.76 1.01 0.24 65 15.9
RSC1 ton/10a 5.8 0.81 92 0.28 2.94 1.14 0.18 57 17.9
RSC2 ton/10a 6.1 0.76 97 0.46 3.22 1.23 0.22 66 18.3
RSC4 ton/10a 6.3 0.88 116 0.66 3.21 1.28 0.27 43 21.7
RH1T kL/10a 5.6 0.44 86 0.17 2.72 1.06 0.19 66 17.9
2008 RH2 kL/10a 56 052 81 0.19 2.57 0.95 0.25 40 200
RH4 kL/10a 5.7 0.45 86 0.23 2.69 1.02 0.18 60 18.3
RHC1 kL/10a 5.7 0.56 85 0.27 2.64 1.03 0.20 44 13.1
RHC2 kL/10a 5.7 0.50 91 0.23 2.70 1.06 0.20 50 14.5
RHC4 kL/10a 5.8 0.51 87 0.26 2.57 0.97 0.24 38 16.6
PC100 kg/10a 5.9 0.48 85 0.19 2.63 1.03 0.17 81 18.3
PC200 kg/10a 5.8 0.53 86 0.23 2.82 1.12 0.20 89 14.8
PC400 kg/10a 5.8 0.47 90 0.26 2.71 1.04 0.15 116 19.3
Avail. Exch. cation
Year Treatment plot pH EC NO; OM
P,0s K Ca Mg Na
(1:5 dS.m’ mg.kg' ————————- cmol, - kg l-———————- mg - kg' g kg’
Control 5.6 0.58 69 0.22 3.37 1.05 0.17 24 19.4
RSC1 ton/10a 5.4 1.11 69 0.32 3.24 1.15 0.31 42 20.3
RSC2 ton/10a 53 0.91 75 0.27 3.67 1.06 0.22 22 14.7
RSC4 ton/10a 4.6 1.72 140 0.33 2.81 0.96 0.27 123 15.5
RH1 kL/10a 5.0 0.97 85 0.24 2.94 1.03 0.22 27 24.5
2013 RH2 kL/10a 5.8 0.46 61 0.22 3.38 1.11 0.19 28 24.6
RH4 kL/10a 5.3 0.81 71 0.23 3.19 1.06 0.20 20 27.5
RHC1 kL/10a 5.2 0.90 52 0.19 2.99 1.01 0.24 35 25.4
RHC2 kL/10a 5.2 0.90 75 0.22 3.31 1.11 0.24 24 18.2
RHC4 kL/10a 4.8 1.70 91 0.26 3.08 1.21 0.36 88 23.6
PC100 kg/10a 5.2 0.62 55 0.18 3.55 1.06 0.19 23 11.6
PC200 kg/10a 4.8 0.80 100 0.20 2.48 0.74 0.15 35 15.3
PC400 kg/10a 4.9 1.35 90 0.25 3.25 1.00 0.24 57 15.7
&2 1kL/10a7F 69.8%%1 & Ak oz wtort o] A= <l #ed5o] 200keg/10a A& AHHT EFstal A=
Aglgo] Z7HESE 23 gashe FAE Btk A &% 602%2 SRt (Fig 2). ©1& 20083 *2] ¥ B
3] HMIES> RH 2kL/10aA 9 A7 16%=2 2 =3 W AF5%7F 200 kg/10a3} 400 kg/10a0llA] 2 x}po]S Ho|
S B AEF e Z Alel7 IATh RHCOIM= 2kL/10a A &43kert 2013d0l= 7+ 0.80 dS/m, 1.35 dS/m= 3f7}F 4]
AlE Al 233 FA70] ASKAL, 4kL/10a A& Al A Fell mE dRskel zlo|rt @As] wiEo R wdkEn)
T Aol FFsial gA7o] At AEES 1kL/10a%t AT + 2 Y o] FEOF DAY Qe A
2kL/10a & TF 65.6%% £ AEE&S HAOou, 4kL/10a & AIE]&-S B EC9 P,0so] ulshy] wiite] whAys)

Aol A F243] WolA 43.9%e] E3atrt. el el 2
E S8 1kL/10a9} 2kL/10a014 =4 e49ko} 4 kL/10ac]
A ZJHel XS Zbzt 24.5%, 24%% =3kt

Press Cake (PC) 200 kg/10a A8 Al AP A& FX
gl7e} 27k fIlon, A8kt 53], 473 AASM =
ol e A= FE AEE 8le] SUteke A4S &
olg 5= ATk AEEE 67.1%=2 F-A2 T 50.7%Et}F =of
Qo] ol AA F7Feth. SRR, 400 kg/10a A1-8-2]
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3}
Al ¢ RHC 4kL/10a>RSC 4 ton/10a> Control
H gl A NOs™ et Al Fe'? 2302 st
g=o] A% RSC 4ton/10a>RHC 4kL/
(Fig. 1). 7A%3 71204 EoklA
Ho] wAst= 239 7§ RSC 4ton/l10a>RHC 4KkL/
10a>RSC 2ton/10a 01U, AFR-E=7F st EAolA
A Ete AWl A9 (Lee ef al, 2007)= RHC 2kL/
10a>RH 2kL/10a>RSC 4 ton/10a 0]tk (RDA 2009).
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Fig. 2. Shape of ginseng by application of press cake in paddy-converted field. A; Control, B; PC 200 kg/10a, C;

PC 400 kg/10a.

Table 8. Contents of crude saponins separated from ginseng
affected by application of decomposing plant residues in
paddy-converted field.

Compost Saponin

mg « kg
Control 86.48 + 8.11°
RSC1 ton/10a 80.66 + 8.87°
RSC2 ton/10a 76.27 +9.80°
RSC4 ton/10a 79.72 £ 2.25°
RH1 kL/10a 78.94 £9.98°
RH2 kL/10a 87.14 £9.12°
RH4 kL/10a 91.02 £ 4.72°
RHC1 kL/10a 87.43 +4.76"
RHC2 kL/10a 88.60 + 4.88°
RHC4 kL/10a 82.56 £ 6.76°
PC100 kg/10a 79.62 + 7.81°
PC200 kg/10a 80.85 £ 4.02%
PC400 kg/10a 84.89 + 9.89°

*Mean with same letters are not significantly different in DMRT
(p < 0.05). Values are mean + SD (n = 3).

BE AEA f71E ATelA g dAFES @
A Q1pke] AEgo] YrolA| AL AlSo] sl = 14kl
o A oA wlEol™ (Jang et al, 2013; Jin et al.,
2009), A4F =AE ABAHY Al F71E AR opdgl 1
of ME AGFE AFel TS o 5 UTh
2. B Olsfsrd 9 Ol TAEY &t

2008 A2 A=A

F71E A& T B ojsleid S
A8 A3, EC 59 F9FE Aol nE AgFke] &
7l met F71sl o F71E-2 RSC A7t o 4]
EA71E Aol vlE] o ok (Table 7). ol& A&
® RSCe #7138} vlgo] Hr} E97] wiwoz v
(Table 2). 3FA¥H, NO©IIA PCS T-Ng©] o} RSCHEF*
B} Alggel mE F71E0] B} Zih pHe FARTE E

ge 22 ATl 56639 R EE WSl Agen
AP 2 9Fe 34 Wtk APS A3 A5 63
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= 2013 AP AR AS F B olskst
5

€& 1, 200830 B8] Al TolM ECE

=
—‘L—D\_

23
71895771 okt ole i) 9w A EARY]
o] =HFHE EgoA F& HA7] Wil o= Helth
3] 20139 ECE KW, AEE0] B Q4 AR} A&
Al Sl =& RSC 4ton/10a8t RHC 4kL/10a
ol BF 170 o] w& £AE B ZoZ Hol 4
AR AT 2719 BEsisPd B4 0= Q1o Ajtst A
oz o] U FYHE F71E THet 2 Joll uet EY
o] slepo] wstE|o] Qi A SlE FEAlE & ATt
A& ofn) gt

2 EAF71E Al

7} 8648 mg. g ' E RE
W st vlaste] feol4d
ol& QIte] ZAREY FHF
zto|7h GUAY Hlszsithal

2009)9} ARSI, 14F =X
slx Qs ZAREY g sl
o2 AZMET} (Table 8).

N O

pu
.

[e]

>
>

oo
=
By
2
rc

il

1>
it
o, f

)
rl
d

il
o2 |,
o &
o
i

rlo

7

ol
re

h
to

By
R

i\

=

ZAel 2
2 AFe F2ZHAA FHEke frI=EEE SR A
A8 ZAHFAHE: PJ00860501) AA7H] Xho g =3E
AR olol] ZAL=HUT,

REFERENCES

Cho DH, Park KJ, Ya YH, Oh SH and Lee HS. (1995). Root-
rot development of 2-year old ginseng(Panax ginseng C. A.
Meyer) caused by Cylindrocarpon destructans(Zinssm.) Scholten
in the continuous cultivation field. Journal of Ginseng Research.
19:175-180.

Fagan LL, Didham RK, Winchester NN, Behan-Pelletier YV,
Clayton M, Lindquist E and Ring RA. (2006). An experimental
assessment of biodiversity and species turnover in terrestrial vs
canopy leaf litter. Oecologia. 147:335-347.



(=) o
= - 0l&

. HP|

rot
0

Zluf -

National Institute of Agricultural Science and Technology
(NIAST). (2000). Methods of soil chemical analysis. National
Institute of Agricultural Science and Technology. Rural
Development Administration. Suwon, Korea. p.103-130.

Hyun DY, Yeon BY, Lee SW, Kang SW, Hyun GS, Jin YC,
Kim UJ and Yang DC. (2009). Effect of nutritional
environment in ginseng field on the plant growth of
ginseng(Panax ginseng C. A. Meyer). Journal of Ginseng
Research. 33:234-239.

Jang IB, Hyun DY, Lee SW, Kim YC, Kim JU, Park GC,
Bang KH and Kim GH. (2013). Analysis of growth
characteristics and physiological disorder of Korean ginseng
affected by application of manure in paddy-converted field.
Korean Journal of Medicinal Crop Science. 21:380-387

Jin HO, Kim UJ and Yang DC. (2009). Effect of nutritional
environment in ginseng field on the plant growth of
ginseng(Panax ginseng C. A. Meyer). Journal of Ginseng
Research. 33:234-239.

Jo JS, Kim CS and Won JY. (1996). Crop rotation of the Korean
ginseng(Panax ginseng C. A. Meyer) and the rice in paddy
field. Korean Journal of Medicinal Crop Science. 4:19-26.

Kang SW, Yeon BY, Hyeon GS, Bae YS, Lee SW and Seong
NS. (2007). Changes of soil chemical properties and root injury
ratio by progress years of post-harvest in continuous cropping
soils of ginseng. Korean Journal of Medicinal Crop Science.
15:157-161.

Ko SR, Chei KJ, Kim HK and Han KW. (1996). Comparison of
proximate composition, mineral nutrient, amino acid and free
sugar contents of several Panax species. Journal of Ginseng
Research. 20:36-41.

Korea Tobacco and Ginseng(KT&G). (1997). Annual report of
ginseng-culture part. KT&G. Daejeon, Korea. p.36-38.

Lee GS, Lee SS and Chung JD. (2003). Effect of several kinds
of composts on root yield of ginseng seedling. Journal of
Ginseng Research. 27:32-36.

Lee IH, Kim MS, Park CS, Byen JS and Oh SH. (1995).
Studies on the ginseng cultivated in paddy field. Ginseng
Research Annual Report. p.299-317.

Lee JC, Byen JS, Ahn DJ and Ho JS. (1995). Effect of physical
properties of soil on ginseng seedling growth in nursery bed.
Journal of Ginseng Research. 19:287-290.

Lee SW, Kang SW, Kim DY, Seong NS and Park HW. (2004).
Comparison of growth characteristics and compounds of
ginseng cultivated by paddy and upland cultivation. Korean
Journal of Medicinal Crop Science. 12:10-16

]

146

=3

SEP - OIS -

Lee SW, Kang SW, Seong NS, Hyun GS, Hyun DY, Kim YC
and Cha SW. (2004). Variation of growth characteristic and
quality of ginseng(Panax ginseng C. A. Meyer) grown under
upland and paddy field. Korean Journal of Medicinal Crop
Science. 49:389-393.

Lee SW, Kim CG, Hyun DY, Yeon BY, Lee KW and Cha SW.
(2008). Effect of light transmission ratio and soil moisture
content on growth characteristics of seedling in Panax ginseng
C. A. Meyer. Korean Journal of Medicinal Crop Science.
16:207-210.

Lee SW, Kim GS, Hyun DY, Yeon BY, Kang SW and Kim YC.
(2009). Comparison of growth characteristics and ginsenoside
contents of 3-year-old ginseng(Panax ginseng C. A. Meyer) by
drainage class and shade material in paddy soil. Korean Journal
of Medicinal Crop Science. 54:390-396.

Lee SW, Yeon BY, Hyun DY, Hyun GS, Park CG, Kim TS and
Cha SW. (2007). Effect of compost application level on
seedling growth of Panax ginseng C. A. Meyer. Korean Journal
of Medicinal Crop Science. 15:138-141.

Ministry of Agriculture, Food and Rural Affairs(MAFRA).
(2013). Statistical source book of ginseng 2012. Ministry of
Agriculture, Food and Rural Affairs. Sejong, Korea. p.2-3.

Park BG, Jeon TH, Kim YH and Ho QS. (1994). Status of
farmers’ application rates of chemical fertilizer and farm
manure for major crops. Journal of Korean Society of Soil Sci-
ence and Fertilizer. 27:238-246.

Park HS, Mok K and Kim KS. (1982). Relationship between soil
moisture, organic matter and plant growth in ginseng plantation.
Journal of Korean Society of Soil Science and Fertilizer. 15:156-
161.

Rahman M and Punja ZK. (2005). Factors influencing
development of root rot on ginseng caused by Cylindrocarpon
destructans. Phytopathology. 95:1381-1390.

Rural Development Administration(RDA). 2009. Ginseng
cultivation standard farming textbook(2nd ed.). Rural De-
velopment Administration. Suwon, Korea. p.31-37.

Woo SY, Lee DS and Kim PG (2004). Growth and eco-
physiological characteristics of Panax ginseng grown under
three different forest type. Journal of Plant Biology. 473:230-
235.

Yoo SH, Choi WJ and Han GH. (1999). An investigation of the
sources of nitrate contamination in the Kyonggi province
groundwater by isotope ratios analysis of nitrogen. Korean
Journal of Soil Science and Fertilizer. 32:47-56.



