i#4E3E(Korean J. Medicinal Crop Sci.) 23(1):27 — 36 (2015) ISSN(Print)  1225-9306
ISSN(Online) 2288-0186

http://www.medicinalcrop.org

http://dx.doi.org/10.7783/KIMCS.2015.23.1.27

BB RA0IM Q14 XITHREY Al R712 X2|0f
ME o7t A2E W MY

HRESw - DEN - Folbl - B F* - OYM* - UHE - WIIES - 0|25+ - UJ|EH - BER
= 3} =S

Emergence Rate and Growth Characteristics of Ginseng Affected
by Different Types of Organic Matters in Greenhouse of Direct-Sowing Culture

Hong Woo Park*, Hwang Sung Mo*, In Bae Jang*, Jin Yu*, Young Seob Lee*,
Young Chang Kim*, Kee Choon Park*, Eung Ho Lee*', Ki Hong Kim* and Dong Yun Hyun**

*Department of Herbal Crop Research, NIHHS, RDA, Eumseong 369-873, Korea.
**Planning and Coordination Division, RDA, Suwon 441-440, Korea.

ABSTRACT : Shading and soil environment are the main factors of growth and yield in ginseng (Panax ginseng C. A.
Meyer). Ginseng yield is directly related to survival rate because of increased missing plant for their growing period. Under
field conditions, diseases and pests significantly affect plant survival rate. We evaluated the seedling establishment, growth
and ginsenoside of the ginseng plants, under controlled management conditions in a plastic greenhouse, when their treated
with different types of organic matter. Ginseng seeds were sown at a rate of three seeds per hole, and the seeding space mea-
sured 10 cm x 15 cm. Compared to the control, treatment of cattle manure vermicompost (CMV) was shown to increase
seedling establishment and decrease ginsenoside content. Root weights of plants treated with CMV were higher than those of
plants treated with other types of organic matter. In addition, seedling establishment of 2-year-old ginseng plants was
decreased when it was compared to that of 1-year-old ginseng plants. Our results indicated that organic matter type and rate
were associated with seedling establishment, growth characteristic and ginsenoside content in greenhouse of ginseng direct-
sowing culture.
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M A &h9-2 Aul7F BAS Hw QlTh (Choi er al., 2012).

Aite] A gpAul= o2 Afulel] Blste] AHs} shssial
Takel 9 vlg3 A H7hs 4 Jlow, T WAY
AR 2718 ko] 7SIt (Lee ef al., 1988, 2005;
Aol FEA B st AT wiZe] o]of g A= Seong et al., 2010). HI'E&e-2 e 71412 AXS A
E2om Fu k. 53] sjrige] 2R 9 7=, SH N, B 5o o] Ha, Aol Ades i
E2AL] FR, AS A7 AR gEre] 19, w71 873 Ao Hoja ZHEH A AXHFS Y F UL W oY
Sol #a 7EE A77F AAT (Kim er al, 1985; Lee,  2F AW FHAE =tk Nam et al, 1980; Chen et al,
2007; Oh et al, 2010; Mok, 2011). HZ A7 43l w} 1991; Lee et al., 2011). ©]¢} 722 QRlo =2 3} A A
2 A FTES T o7l "ssl] fgh wetem w) Al ] It 7FesHAITE SRk Wolrt Bad st
3 S7H A4 AR ZE sl BdAdo] =2 Hd A go] o= o] At (Won and Jo, 1999; Lee et

14 (Panax ginseng C. A. Meyer) thaA HkS-x]A4
=24 Sfi7H AlEA A=l qlom, afre Al

& 2o Y
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al., 2005).

e RO A 4~ 697 Ao} 57) HEe] &=
oFe] BBl 2ol FFL Wi, FA B A )2
Besl7] $st] 7182 Al83tt (Park er al., 1984; Lee
et al, 1989). =4t Aol W, 7daEy] 2 $EEH
HIE o]&star, Wit AujelM e Hv] 8 715 s Bl
AREBIL Tk (Nam et al., 2002).
SR Aol Bl frleS
2 A, T E, BEY
M Asol T2 FIE wHIh
Aot =4S At EYY
t} (Chung, 1989). &1} m
AF171= St} (Lee et al., 2003). f71& AIA E
Aol AEjEE] 5o A ALl FEe wzlt
(Lee et al, 1990, 1995; Jin et al, 2009; Kim and Jung,
2000).

Qlake] HIDake2 Aol QA9
FAelo] B A7} o] FojZItkA IF
o] 7Fsd Zo= BRIt A3y a7t Al
Al & 7 HgA RS fleiMe 2~3
2| #A=7F FashH, vdshe-2olA A utRny
AA Bl AHgEE 7= TR0l we dRee] zelrt
At} (Li and Wallis, 1994; Lee et al., 2003; Jang et al.,
2014). WA 14k WISk AapAful A 7R E ARSEE
71Ee] FFel WE 1~2d4 Qate] dREH BKE Ao
£ 7Hal] flgte] & AFE T
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1. 712 Aal ¥ 9=

XA FHYA SR ISR SN
AEe AAES o83kt A= 20124 84l AFS =
AEE Mste] 2 £1TC 270 fAEE AAFAL [(F)
JEILFINETECH, Cheonan, Korea]oll #7sle] ARE-sl3it).
g A A7 4mm o) Fe] AMg FAE FEskal HEe H
AEEE FAE A2oA 24X BF 431 20139 4€
3ol Tt Eqkel] Al&gt f71E9] TR EE,
HEHE, HAEN], SAs, AEN] § 5T0EMN 9Ax
S A3 459 F71ES 10aF 1, 2, 3ton¥], FAES
10a & 1, 2, 3keA z}zF A3l v 757 A EA 30cem
el &3 At Al 98] x 12€ (ol¥7+4
90 cm x 180 cmpPe|o BE AT YEE FHE 8 ¥
T 38Y IEEAnh AlgTE d9Y 3HHEC 2 HiX| S
A2 WAE 324 ni 2 3T
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2. OFEXRAE] ! e

BEAS A SRS, 2012 3¥€el 4t 1,200 ke/10a
S Algstal 3% FaagkaE Aufste] B Estele
e g A AEE 1d U STk #7182 Solvita®
Digital Color Reader (Woods End Laboratories Inc.,
Mount Vemon, ME, USA)E o|&3lH F=wg ZAT
ARl ol gstner, f7led EFste E4e w138
A AEA 2 EY B4R Fske] AAskith (NIAST,
2000). Al FEAEE A FEG Tl Folo] &
2313 (RDA, 2009).
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3. HIEoIA MUl Y MKREM TAL

H|E&}920 F4L =3 23m, T3 43m, & 6m, 2
o] 52m9] 2 dEolNeH FHEAA = FHEC] 10%U HA
58S ARSI HEe -2 ] 25, s 9 e

Skye Data Hog (Skye Instruments Ltd., Llandrindod Wells,
England)E ©l-&sto] Sevh. A3 A5 24, 4%,
,Wels 2, 2%, WobE, g
242t 2ABGL, G5E ZHe

SPAD-502Plus (Konica Minolta Inc., Tokyo, Japan)S ©]&
dol Zgaile. W F 1A 2 234 Al Qe

o

°l, S

=74, A<

BEEAE B, YEEe WA 25, 4% uEg
IS ARl A2 A T ARas A

T S 69 2000, A= 109 180l ANF st zhzt
ZAFEFAT A9 ESAIAE]= SAS (Satistical Analysis
System, version 4.3, SAS Institute Inc., Cary, NC, USA)
E2I9e ol g3

=
—J—U‘\:‘

4. ZHIEAOIE M

AsHe] ApEd 248 glsl 109 204 19 BARS
AF kA 9F0] At =E FA ST A AR =
XFE 95L& Rg, Re, Rf Rb, Rg, Rc, Rb,, Rb;, Rd
(Chroma Dex Inc., Santa Anna, CA, USA)JZL #2418 ¢
gt 81]i= GR-gradeth. HPLCE 1100 series (Agilent
Technologies Inc., Waldbronn, Germany)E ARE-5}53L 4]
2 93 Columne Halo® RP-Amide 4.6 x 150 mm, 2.7 zm
(Advanced Material Technology Ltd., Wilmington, DE
USA)S ARE-3F2™, injection volumeS ¥a|o} x|44- zt
ZF 1018, 54 2]tk HPLC HEZ7AE detector DAD
203 nm, run time 35 minA3 ©]&2 0.5 ~ 0.8 m/min®] N2
™ elution condition Z}Z} 0-1min, 27% B; 1-6 min, 28%
B; 6-10min, 28% B; 10-30 min, 34% B; 30-33 min, 80%
B and 33-35min, 27% B3ith. &40l ARE A AES
=4 Azste] B8 100mgS 2ml micro tubed] 33
60% F9F %S 93FZ (Powersonic 410; Hwashin Tech.,



Seoul, Korea)3}$1t}. Sep-Pak Plus C18 cartridges (Waters
Corp., Milford, MA, USA)9l MeOH (70%)Z FZ3R L
2AL membrane filter (with a pore size of 0.45mZ 3
=3l #F volumeS 1 mb & 3T
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1. U5 WS OlMlEt
Hdske-2= ﬂ_‘T—_-‘:— 23 (A9, 7123} A
270, A2 3A]e] wiY =43 & 9
3le] Table 19 LYERHSIEE 6€ollA 9¥7kx] <] BIEEle-2~ W
790l 90%, 71, Al 9 F== ¥ 31T, 25T
2 131 pmol - m?+ 572 TR Dol H|ste] Zpzh E9k) <14t

°F

%

QO
T _L.‘l‘

3

om{or

2
"\

o] FxspHe AEH22 15~20ToA 162~202 ;,Lmol m~
-so] 227} 30C o] wi= 81~ 108 pmol - m~2 - 577}
Agtsltial skt (Jeong, 2007) T3 Lee 5 (2011 &

Bal7kne) MdekecTt 8 A% Harleel 13C ¥
oA sigith £ Aol 1dae] ARt 109 ST
A} 3Bl A% el A Gk Ao 44

=},
2. WlE B85 % MSHE £ glohdo| Bigt
o]}\}ﬁ}a}/\ (COZ) z‘s]—akoﬂ Lq._E_' A= 7L2E z;ga. 07]%
o BEEL SREN, SRENE, 9%, 4UH] e ¥
S F105, BRENE 73002 %% 1%, ol
(NH3)®] MZ= 472 A 7hol| o]z} §iith COSl &7

= FEEHE 026%, HAFY] 0.14%5L, FEofe] o
2 ZQEN7E 0.07 g S 2 SUTH (Table 2).

7129 3 = FH& (T—N)«] e Adgnt
282%% EUAL F71E (OM)yS -EEH7F 65031 ghg 02

g2 {7180 HEte] With P05 e SEEHE
1.96%, K,0& gA%0] 1.57%, CaOS ZHIEH7}F 5.129%,

L BERS} SREHETL 1.05%, Na,0 -2 EH|7}
715 vls] =S4tk 22]3 Fe o
S-EEH| 7}

MgO2 ¢
0.35%= 7z} th&
o SEBEWMETL 11,122mg/ L (1.00%), Zne

i

Xl Al 5712

328.83mg/ £, Mn¥} Cuw WA EH| 7}
84.87mg/ £ o]t} (Table 3).

7152 Mo we EY s 4] A3 Table 49}
2tk f7189 APl wet pH, EC, F718E, 71E9
Shke Tlske AP, A4t AlE A% EYsishg 7]
ol AY e 518 Helol EFEASY P,0s T
EH] 3E7 SEEHE 2, 3tonS AESH A9 et o)
Aot s e R, SEEY] 1ton, $EEHE 2ton
o}, BIAEH], %A% 2ton |8k, ZUEH] 1ton 5 A&
slge rq1 Bxs AoZ Ueltth (RDA, 2009; Park er
al., 2014). -F54] 3ton FAE 3ki A2+ pHe= 7+

7t 6733 68002 e} Q1A Aujel Age WS 23}

7}z} 1349 mg/ 4,

Table 1. Monthly changes of average temperature, relative
humidity and light intensity in a plastic greenhouse.

Air? Soil Relative Light

Month temperature temperature  humidity intensity
(C) (C) (%) (uolm-=2.57)

June 27 21 85 68

July 27 23 90 91

August 31 25 79 131

September 25 21 64 118

“Measured time; air temperature and relative humidity, 2 p.m.; soil
temperature, 3 p.m.; light intensity, 1 p.m.; everyday.

Table 2. Decomposed degree of organic fertilizers used for the

experiment.

Organic Color” Contents
fertilizer  co, NH;  CO, (%)  NH; ()
cMm? 5.7 4.7 0.55 0.09
CMV 6.6 4.7 0.26 0.08
RSM 7.3 4.7 0.14 0.09
RHC 5.4 4.7 0.69 0.09
OLM. 5.4 4.7 0.67 0.07

JCM; Cattle Manure, CMV; Cattle Manure Vermicompost, RSM; Rice
Straw Manure, RHC; Rice Husk Charcoal, OLM.; Oak Leaves
Manure.

bColor range; CO, 1 ~ 8, NH; 1 ~ 5.

Table 3. Total nitrogen, organic matter and mineral content of organic fertilizer used for the experiment.

Organic T-N OM P,Os K,0 CaO MgO Na,O Fe Mn Zn Cu

fertilizer (%) (g/ke) (%) (%) (%) (%) (%) (mg/0) (mg/0) (mg/ 0 ) (mg/2)
cm? 1.89  650.31 1.22 1.27 2.26 1.05 0.35 3967.65 460.15  328.83 76.20
CMV 1.56  239.91 1.96 1.04 3.19 1.05 0.13 11122.31 692.37 326.18  65.75
RSM 0.66  125.39 0.16 0.36 0.74 0.41 0.02 10379.69 1349.85  129.81 84.87
RHC 0.12  502.08 0.19 1.57 0.35 0.11 0.03 876.25 538.02 66.08  11.81
OLM. 2.82  433.67 1.14 1.50 5.12 0.94 0.09 5242.63 1110.59  149.15  38.99

JCM; Cattle Manure, CMV; Cattle Manure Vermicompost, RSM; Rice Straw Manure, RHC; Rice Husk Charcoal, OLM.; Oak Leaves Manure.
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Table 4. pH, EC, organic matter and mineral content of soil before culture in ginseng.
EC OM NO, P,Os5 K Mg Na Ca
Treatment pH
dS/m (g/ke) (mg/ke) (mg/kg) (cmol*/kg)
Control 6.17 0.13 4.13 3.25 168.05 0.09 0.98 0.04 5.62
1 ton” 6.23 0.28 9.69 10.72 182.59 0.08 1.21 0.08 6.09
CM? 2 ton 6.38 0.52 11.31 20.05 240.62 0.06 1.76 0.12 6.07
3 ton 6.73 0.79 11.79 32.02 387.61 0.08 1.51 0.24 6.03
1 ton 6.27 0.14 4.05 3.73 194.59 0.09 0.95 0.04 4.81
CMV 2 ton 6.38 0.20 5.56 7.14 359.64 0.09 0.98 0.05 5.03
3 ton 6.49 0.69 11.01 26.84 600.31 0.12 1.60 0.13 7.15
1 ton 6.12 0.18 4.05 3.32 202.61 0.10 0.80 0.05 4.07
RSM 2 ton 6.31 0.21 7.38 5.43 223.28 0.12 0.95 0.05 5.82
3 ton 6.34 0.38 7.83 8.98 190.63 0.19 1.21 0.07 6.09
1 ke 6.14 0.12 4.00 1.46 162.36 0.08 0.75 0.04 3.94
RHC 2kt 6.31 0.12 7.67 2.42 177.18 0.07 1.13 0.04 6.03
3 ke 6.80 0.19 10.07 4.19 163.89 0.09 1.05 0.04 6.13
1ton 6.07 0.26 7.57 13.33 172.54 0.10 1.01 0.04 5.11
OM 2 ton 6.36 0.34 10.83 20.72 203.04 0.07 1.29 0.05 7.18
3 ton 6.47 0.51 10.65 35.05 232.41 0.07 1.27 0.07 6.63

JCM; Cattle Manure, CMV; Cattle Manure Vermicompost, RSM; Rice Straw Manure, RHC; Rice Husk Charcoal, OLM.; Oak Leaves Manure.

Supply amount of organic fertilizer per 10a.

S B Al A8 <eoldth. ECE 0.50 dS/m ©]

sh7t eSSl 71ERld EEH e SEEHE 3 ton A BT
N 0.79dS/met 0.69dS/m= EUL Fxg, FEEHE
YAz 1 9 2k AlETAIA 0.1 dS/m=Z Rkt 2
F71EANA Aol BeTE F7lst
G0, Na ke 9-EEH] 3ton A&l 0.24 cmol+/kg§
7 Bdth OM, K, Ca, Mg 59 g3k #7189 2%
o] BETE Ik Aol 53] f71E T FA
)9} O‘ﬁ‘ﬂtﬂi 1ton Al&7olM 4.13 ghkg, A% 1kl o]
A 4.00 ghkg 02 B} Ao H]ate] wit}.

FAEER 9 SEERES AES EYY] g AlEEel 57
S AT
Hl, °l= oI5 F f71= A9l P02t Na,0o]
A A 7IR1E ZleR AzbET) 3k B NO; TFE
71=9] A87F 571 Al ST fT1ES B B
TE Eo 2] Akl JFS v mAlEe|] a3l

1 ton,
22 (NOy) Tk

-y
2=

7}
H]3}e] P,0s2F Na2| §Hako] =4 m.o]_zgp

0
3T A

Hol YULLE IHT ¥ ot EYYUA] 72 iR
F719F 0] olss XL EY ¢52E 5o B

o &2 ulXIt} (Chung, 1989; Loveland and Webb, 2003).
n=ak FAks B T 94 (P,05)9] =7 150 ~200 ppm
HAA w YR go] JTUkslE AFES #4Ad (Thomas
and Michael, 1994). Z22iv} BAFe] ASA]7|ols RaEHo0|
ojgt AF7F wol WAt (Lee er al, 1978, Yu et dl.,
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1990). ©lef3 AL EFAAIE FA ek el
A%, A%, AR B 9L AWL BAAFE Rolnt.

3. VI2 B U A3 UM olko| Qo
7189 £57 gl e gEdd JEse 9
H] 3 tonollA 99.6%= =L FA 2|2t 24U EH] 3 tonoll A=

83.3%%} 89.8%= woth T 3yX vEd A T 19

YEES A7 7kl Zpol7} gllom, 28 YR&2

E 3ton AlETlM 36.1%Z =R Tk SA%E 3 ko]

Al Z¥zE 244 2 253%= Sokth 12]al 3§Yo] BT Fofsh

ALE 9AE 3klAA 66.7%E 7HE =YL Z

3tonollA 52.2%% Skt IEF W fU1E F

39 EFolE2 foAdo] QI 29 PERES ¢ E

A ESITE (Fig. 1). T4 3% & f71E9] &

ab 27pe] Y& ZFIEH] 3tone] 89.8%F 7}

2R 83.3%= Wokth e FAEe] dRE

I a3 83.3%SF 66.4%2A 718 Aol vlste] =

A Egon, 9A% 2 kE AL {71E MM 1494t

of Hjste] 2dx}el AFEo] TUHINLH YEES F71E9

TR 2 AEF wet Zfolzt A W ol dE dd &

Ape] Yrgo] thEale] YRl JFTS 7xIths 3] g1l

9t} (Table 5). 214} xwznum AT PEES EYS

we} FA FFE e, YRS g S AR
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‘ontrol CcM RSM RHC OLM

SOneseed = Twoseeds @Threeseeds MTotalemergence

Fig. 1. Effect of organic fertilizer on emergence rate in 1-
years-old ginseng. “CM; Cattle Manure, CMV; Cattle
Manure Vermicompost, RSM; Rice Straw Manure, RHC;
Rice Husk Charcoal, OLM.; Oak Leaves Manure. *Error
bars represent+SE (n = 3). Different letters indicate
values significantly different by the DMRT (p < 0.05).

ot BAF oAl A o] AFE-2 29 14.1%, 2~34
< 6.0%, S 10.6%, 6K 15.8%=Z LEMSTE (Kim,
1985). Q42 AWkzo g wdAo R Z4s AFEo] Fof
Aug z7)o & JEE&S Frs= Flo] vlg Fasih
BAaF AL Al B F2] NO,, P05, Nad| FHgo] Hom =
2=y AgAe]e] TRz At AF7} BolA] JREo]
At (Kang et al, 2007, Hyen et al, 2009, Park et
al., 2014). 3[A|RF &2 AT u) A 72 f71E5S AlE
s JEEo] EolAlE o= UEiT

A e NES AEEE TS vXA] g A
Foll F2 &S vAH, T2 gFolvt BAF o)A Al A
F e BEA uet B gl Ajolg Holet, AIYE
o] A% EUFE Fo] 60%2 Agol A 2 Fujrt
Aon, ot AU HoW IAREE Hak St st
(Nam ef al., 1980; Lee er al., 1985, 2008).

APF- Al oA 2o} 2l EM] 3 tonol| A
15.072 1529 cm 2 €} Aol Hlsle] A $EEH] 1ton
oME 1231em 2 FUch AFL ZUHH] 3tonol A
11.67cm 2 A5, FEH] 1 tonollA 9.11 cm 2 FUT}. 7
AR FALE 3k 1.04emZ 3 FAE 1k} 2kl
oAM= 0.72cnZE ZQht) G SEEH] 2tonollA] 4.15cm
2 7P A5 RFAER] 3 tonolA 3.40 cmz Fgkon ) 9=
& ZAEn] 3tonollA 1.97 ecmE WAL 2 tono|A] 1.76 cm &2
FAT gHAS FEEHHE] 3tond HAEH] 2tonol| A ZFzt
11.84 ci, 11.61 cff 2 WAL FALE 3klA 821 ai & F
skoh 2efuh 919 SPAD 2 HAEH|9F A% 3 tonolA]
217} 36.959F 36.672 E=JTH A71E SFol WE Hat A
AES B 272 Z2JEH oA 14.67 cm= LA 747
SEEHE ZEu]oA 10.84cm 2 AYom, AZAA

0.99 mmZ $SEEHoA 7 2ok GA gEe o1

ZALO.

AT

Mo rlo dr

o|Al X1

e

31

tHl Al 77 1=

Table 5. Emergence rate as affected by organic fertilizer in 2-year-

old ginseng.
Organic fertilizer Emergence rate (%)
Type aSnL:F())Elr:/t 1% year 2" year Reduction
per 10a of yearly
0 ton” 83.3 66.4 17.0
CM? 1 ton 97.5 91.4 6.2
2 ton 98.1 89.5 8.6
3 ton 99.7 94 .4 5.2
Mean 94.7 85.4 9.3
0 ton 83.3 66.4 17.0
CMV 1 ton 97.8 89.2 8.6
2 ton 98.5 85.8 12.7
3 ton 97.2 95.4 1.9
Mean 94.2 84.2 10.0
0 ton 83.3 66.4 17.0
RSM 1 ton 96.0 85.8 10.2
2 ton 97.5 89.8 7.7
3 ton 98.8 95.1 3.7
Mean 93.9 84.3 9.6
0 ke 83.3 66.4 17.0
RHC 1 ke 98.5 87.7 10.8
2 kb 97.2 98.1 -0.9
3 kb 97.5 92.6 4.9
Mean 92.6 83.3 9.3
0 ton 83.3 66.4 17.0
OLM 1 ton 98.5 95.4 3.1
2 ton 98.8 88.0 10.8
3 ton 89.8 83.3 6.5
Mean 94.1 86.2 79
Type (A ns ns ns
Supply amount per O e "
10a (B)
Interaction (A x B) *xk stk ns

JCM; Cattle Manure, CMV; Cattle Manure Vermicompost, RSM; Rice
Straw Manure, RHC; Rice Husk Charcoal, OLM.; Oak Leaves
Manure.

bSupplied amount of organic fertilizer per 10a.

9ns, *, #* **% Non-significant and significant at p = 0.05, 0.01, or
0.001, respectively.

EH]oA 3.84, $EEHE 1.89cm E 2k AA

HAe ZAgn|oA 10.75 ciE B Xl H]sk
159 FRd e 24, A%, 424 f71Ee] A8
A%, AA7, 9, 4RA 5L 2 fei4el
SEES

[0} e L mi
718 5

7 7re] e AE g gle
eI (Table 6).
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Table 6. Effect of organic fertilizer on the growth of aerial part in ginseng.
Organic fertilizer
Plant height ~ Stem length Stem diameter Leaf length  Leaf width  Leaf area SPAD
Type Supply amount (cm) (cm) (mm) (cm) (cm) (cir) value
per 10a

0 ton” 15.07 11.09 0.83 4.03 1.89 10.20 34.98
oM 1ton 12.31 9.11 0.99 3.59 1.89 10.19 35.67
2 ton 13.67 9.55 0.94 4.15 1.92 11.84 35.28
3 ton 13.84 10.23 1.03 3.68 1.81 9.16 33.60
Mean 13.27 9.63 0.99 3.81 1.87 10.40 34.88
0 ton 15.07 11.09 0.83 4.03 1.89 10.20 34.97
MV 1 ton 13.97 10.82 0.94 3.89 1.93 10.59 35.95
2 ton 14.46 10.67 0.94 4.06 1.87 11.39 35.41
3 ton 14.75 11.03 0.97 3.56 1.88 9.66 34.98
Mean 14.39 10.84 0.95 3.84 1.89 10.71 35.33
0 ton 15.07 11.09 0.83 4.03 1.89 10.20 35.51
RSM 1ton 13.77 10.08 0.85 4.02 1.89 10.21 35.42
2 ton 14.07 10.24 0.81 3.84 1.91 11.61 34.98
3on 13.80 10.23 0.75 3.40 1.84 9.03 36.95
Mean 13.88 10.19 0.80 3.74 1.88 10.28 35.72
0kt 15.07 11.09 0.83 4.03 1.89 10.20 36.25
RHC 1 ke 14.24 10.32 0.72 3.82 1.96 11.38 34.98
2 kb 13.71 9.82 0.72 3.76 1.80 9.86 34.43
3 ke 13.30 9.79 1.04 3.49 1.78 8.21 36.47
Mean 13.75 9.97 0.83 3.69 1.85 9.82 35.31
0 ton 15.07 11.09 0.83 4.03 1.89 10.20 34.98
OLM 1 ton 14.82 10.66 0.95 4.02 1.92 10.98 34.55
2 ton 13.89 10.20 0.94 3.66 1.76 10.07 35.03
3 ton 15.29 11.67 0.98 3.66 1.97 11.18 36.67
Mean 14.67 10.84 0.95 3.78 1.88 10.75 35.54

Type (A) k%0 ook ook ns ns ns ns

Supply amount per 10a (B) ok ok ok ok ns ok ns

Interaction (A x B) ns ns ns ns ns ns ns

JCM; Cattle Manure, CMV; Cattle Manure Vermicompost, RSM; Rice Straw Manure, RHC; Rice Husk Charcoal, OLM.; Oak Leaves Manure.

Supplled amount of organic fertilizer per 10a.
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ns, *, ** *** Non-significant, significant at p = 0.05, 0.01 and 0.001, respectively.
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Table 7. Effect of organic fertilizer on the growth of root part in ginseng.

Organic fertiizer Root length  Root diameter Latep(; ﬁUd La}ent aUd Root weight No. of lateral
Type Supply amount (cm) (mm) V‘(" t engtl © root
per 10a ) (mm) (ea)
0 ton? 10.94 3.87 1.21 1.76 0.44 12.90
CM? 1 ton 6.90 4.62 1.32 1.63 0.38 9.63
2 ton 8.91 4.34 1.27 1.61 0.42 10.97
3 ton 8.27 5.07 1.38 1.75 0.51 11.97
Mean 8.03 4.67 1.32 1.66 0.44 10.86
0 ton 10.94 3.87 1.21 1.76 0.44 12.90
CMV 1 ton 9.91 4.59 1.31 1.66 0.47 13.83
2 ton 9.57 4.85 1.31 1.69 0.50 12.77
3 ton 12.03 4.94 1.46 1.87 0.56 12.80
Mean 10.50 4.80 1.36 1.74 0.51 13.13
0 ton 10.94 3.87 1.21 1.76 0.44 12.90
RSM 1 ton 9.86 3.60 1.21 1.62 0.38 13.26
2 ton 8.66 3.78 1.07 1.44 0.45 13.93
3 ton 6.68 4.53 1.02 1.95 0.44 14.97
Mean 8.35 3.98 1.09 1.67 0.42 14.08
0kt 10.94 3.87 1.21 1.76 0.44 12.90
RHC 1 ke 10.99 3.71 1.11 1.83 0.46 18.20
2kt 7.80 3.94 0.98 1.66 0.38 16.33
3 ke 6.03 5.28 1.27 1.69 0.36 7.67
Mean 8.28 4.31 1.12 1.73 0.40 14.07
0 ton 10.94 3.87 1.21 1.76 0.44 12.90
OLM 1 ton 10.12 4.64 1.36 1.85 0.45 12.90
2 ton 7.40 4.43 1.15 1.63 0.31 10.83
3 ton 10.88 4.53 1.33 1.72 0.49 12.80
Mean 9.47 4.53 1.28 1.73 0.42 12.18
Type (A) EEE) skskok kokok ns kokok skkok
Supply amount per ‘IOa (B) skeskeosk sksksk skeskesk skesksk skeskesk &
Interaction (A x B) ns ns ns ns ns ns

ICM; Cattle Manure, CMV; Cattle Manure Vermicompost, RSM; Rice Straw Manure, RHC; Rice Husk Charcoal, OLM.; Oak Leaves Manure.
YAmount of applied organic fertilizer per 10a.
9ns, *, *#* *x Non-significant and significant at p = 0.05, 0.01, or 0.001, respectively.
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Table 8. Effect of organic fertilizer on ginsenoside content in ginseng.

Organic fertilizer

Supply Rg, Re Rf Rb, Rg, Re Rb, Rb, Rd  Total  PDPI
Type amount

per 10a
0 on” 0.276  0.054 0.054 0.129 0.044 0.114 0.075 0.009 0.071 0.829 0.934
1 ton 0.223 0.039 0.047 0.082 0.036 0.074 0.047 0.009 0.047 0.603 0.75

a)
M 2 ton 0.237  0.041 0.047  0.101 0.040 0.086 0.055 0.011 0.055 0.672 0.842
3 ton 0.246 0.042 0.043 0.096 0.041 0.083  0.051 0.010 0.054 0.665 0.788
Mean 0.246 0.044 0.048 0.102 0.040 0.089 0.057 0.010 0.057 0.692 0.828
0 ton 0.276  0.054 0.054 0.129 0.044 0.114 0.075 0.009 0.071 0.829 0.934
CMV 1 ton 0.251 0.045 0.050 0.107 0.044 0.092 0.057 0.011 0.062 0.718 0.846
2 ton 0.258 0.048 0.047 0.111 0.045 0.097 0.056 0.011 0.069 0.744 0.865
3 ton 0.264  0.041 0.047 0.113 0.045 0.102 0.065 0.013 0.063 0.752  0.895
Mean 0.262 0.047 0.050 0.115 0.044 0.101 0.063  0.011 0.066 0.761 0.885
0 ton 0.276  0.054 0.054 0.129 0.044 0.114 0.075 0.009 0.071 0.829 0.934
RSM 1 ton 0.283  0.045 0.051 0.127  0.049 0.110 0.073 0.014 0.069 0.820 0.915
2 ton 0.232 0.042 0.046 0.095 0.039 0.081 0.049 0.009 0.047 0.641 0.787
3 ton 0.237 0.048 0.052 0.099b 0.038 0.083 0.054 0.010 0.043 0.664 0.768
Mean 0.257 0.047  0.051 0.113  0.042 0.097 0.063 0.011 0.058 0.738  0.851
0 ke 0.276  0.054 0.054 0.129 0.044 0.114 0.075 0.009 0.071 0.829 0.934
RHC 1 ke 0.253 0.042 0.055 0.115 0.042 0.103 0.062 0.012 0.071 0.757  0.925
2 ke 0.254 0.047 0.045 0.112  0.041 0.094 0.060 0.011 0.060 0.724 0.872
3 ke 0.226  0.054 0.054 0.100 0.037 0.078 0.049 0.009 0.040 0.647 0.743
Mean 0.252 0.049 0.052 0.114 0.041 0.097 0.062 0.010 0.061 0.739 0.869
0 ton 0.276  0.054 0.054 0.129 0.044 0.114 0.075 0.009 0.071 0.829 0934
OLM 1 ton 0.264  0.055 0.051 0.117 0.047 0.099 0.064 0.012 0.061 0.769  0.846
2 ton 0.283 0.097 0.052 0.072 0.035 0.058 0.051 0.006 0.029 0.683 0.464
3 ton 0.245 0.065 0.058 0.122 0.038 0.112 0.070 0.013 0.073 0.796 0.958
Mean 0.267 0.068 0.054 0.110 0.041 0.096 0.065 0.010 0.059 0.769 0.801
Type (A) ns? ok ns ns ns ns ns ns ns ns ns
Supply amount per ’Ioa (B) skokok ns sk skskosk K3k skokk skokok kk sk k3 kg
Interaction (A x B) ns * ns ns ns ns ns ns ns ns ns

ICM; Cattle Manure, CMV; Cattle Manure Vermicompost, RSM; Rice Straw Manure, RHC; Rice Husk Charcoal, OLM.; Oak Leaves Manure.
'Amount of applied organic matter per 10a.

9PD/PT; Rb; + Rb, + Rb; + Rc + Rd/Re + Rf + Rg; + Rg,.

Ins, *, ** *%% Non-significant and significant at p = 0.05,0.01, or 0.001, respectively.
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Ginsenoside content (%)

Fig. 2. Effect of organic matter on total ginsenoside content in
ﬁmseng *Error bars represent£SE (n = 3). Different
etters |ndlcate values significantly different by the DMRT
(p <0.05). YCM; Cattle Manure, CMV; Cattle Manure
Vermicompost, RSM Rice Straw Manure, RHC; Rice
Husk Charcoal, OLM.; Oak Leaves Manure.
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