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SUMMARY

1. This research was conducted to investigate the influence of variouis organic substrates on
growth and vyield of organically grown ginseng seedlings in a shaded plastic house. In the
investigation of optimal substrate, the eight substrate were formulated by adjusting blending
rate of peatmoss, perlite, coir dust(coco peat), and vermiculite. Then, the changes in
physico - chemical properties of root substrates as well as their influences on the growth
characteristics and yield were determined at six months after sowing. The elevation of the
blending rate of peatmoss from 50% to 70% with decrease in the rate of inorganic
component (mixture of perlite and vermiculite) from 50 to 30% resulted in the increase in
container capacities and decrease in total porosities and air-filled capacities. The
concentrations of NH4-N, P205 and K increased as the incorporation rate of castor seed
meal, phosphate ore, and langbenite, respectively, were elevated during the root medium
formulations. The PPV-1 and PPV-4 substrates produced high stem length, stem diameter,
shoot fresh weight, leaf area and root length among eight substrate. Root fresh weight was
heaviest in PPV-4 compound nursery media. The results of this experiment will be utilized in

the new substrate application for ginseng organic culture in shaded vinyl house.

2. This research was conducted to investigate the influence of organic bed soil substrates on
growth and yield of organically grown ginseng transplantation in a shaded plastic houses. The
pH and EC of the substrates used for this study were 5.93-6.78 and 0.03-0.15 dS/m,
respectively. The concentrations of NH4-N and NO3-N were 14.01-68.63 mg/L, 5.60-58.83
mg/L. respectively. and the average quantum in the shaded plastic houses was 11-15% of
natural light. The maximum temperature in the shaded plastic houses is higher (3-71C) than
that of outside open field from the last part of April to early in August. Emergence date of
ginseng was on March 21 in the mongolian type shaded plastic house, and was on March 29
in normal type shaded plastic house. Both roots and shoot growth of ginseng were excellent
in the bed soils with PPV-2, compared with other compounds used. We concluded that the
PPV-2 could be promising a good bed soil substrate for organic ginseng cultivation in shaded

plastic house.

3. This research was conducted to investigate the influence of various organic substrates on
growth and vyield of ginseng seedling grown organically in the closed plastic house. The pH
and EC of substrates used for organically ginseng cultivation ranged 5.93-6.78 and 0.03-0.15
dS/m respectively. The concentrations NH,-N and NOs-N respectively was 14.01-68.63 ml/L,



5.60-58.83 mg/L. The average quantum of the closed plastic house was range from 10 to 16%
of natural light. In July and August, the maximum temperature of the closed plastic house did
not exceed 30 and the average temperature was maintained within 25 lower than the field
because air conditioning ran. The PPV-1 and PPV-2 bed soil substrates produced higher stem
length, stem diameter, shoot fresh weight and leaf area than those of conventional culture. In
PPV-2 bed soil substrates, root fresh weight and root diameter was the highest. The root
fresh weight of PPV-2 bed soil substrates in closed plastic house was maximum 25% heavier
than the conventional cultivation. The results of this experiment will be utilized for making

new substrate application for organic ginseng culture in the plastic house.

4. This research was conducted to investigate the effects of bed soil substrates on growth
and ginsenosides content of organically grown 3-year-old ginseng in a shaded plastic houses.
The results are summarized as follows; Although the quantum and the temperature were
suitable for the growth of ginseng, however the highest temperature was concerned for
causing high temperature injury. In terms of aerial part growth, ginseng cultured in the bed
soil substrate A showed the best quality, but total ginsenoside content was the highest in the
bed soil substrate C with 73.9 mg/g. The main root of ginseng cultured in the bed soil
substrate A was short and thick, and it showed the largest number of lateral roots. The
comparison of the yield per Kan (1.8 mx0.9 m) revealed the exceptionally larger yield from
the bed soil substrate A. The total ginsenoside content extracted from the main roots of
ginseng cultured in the bed soil substrate A, C and E, and field culture was respectively,
9.98, 8.39, 8.78 and 11.2 mg/g and also, respectively, 15.4, 18.0, 28.7 and 34.0 mg/g were
extracted from the lateral roots. The total ginsenoside content converted to that per unit g
of whole root of ginseng did not show significant difference among the field culture and the
bed soil substrate A, C, and E.

5. The pH and EC of mixed bed soil used for organically ginseng cultivation were range from
6.15 to 6.93 and from 0.8 to 0.15dS/m. The concentrations of Ca, K and Mg were 3.24~4.22,
0.4~1.09 and 0.13~0.79cmol/LL respective. The average temperature in shaded plastic house
was range from -5.3C to 26.2C. And the temperature in shaded plastic house was lower
than to temperature of out area for July and August. The maximum quantity of light in
shaded plastic house was 67.69umol/s/m. But The maximum quantity of light in shaded plastic
house below 40 umol/s/uni after to setup the duble shade net. The maximum quantity of light
in house was 95.75umol/s/mi south area in house. Therefor, to need the solution for control

the quantity of light in house. The result of first growth investigation was best that ratio



0:1B) of mixed bed soil in Stem length, Stem diameter, Leaf length, Leaf width, Stem fresh
weight, Root diameter, Root fresh weight. The result of second growth investigation was best
that ratio 0:1(B) of mixed bed soil in Root fresh weight. And the mixed bed soil of ratio
0:1B) was most similar to practice cultivation. As a result from this reaserch, if additory
research to improve soil quality that the bed soil mixed ratio 0:1(B), organically ginseng will

be possible as much as a mount of the practice cultivation.

6. This research is conducted to develop romote automatic control system of house which needs
temperature and humidity control for the optimized ginseng production condition. This development
focused on remote automatic control system of air-conditioner in the enclosed house. By virtue of
power consumption control monitoring system, ginseng growers can reduce electricity rates related
to profitability. Futhermore, growers can correspond the situation incontinently such as fire or
equipment failure by remote monitoring & alarm system so that they have come to prevent the

deterioration of ginseng.
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wejo} 4o Ta Aok UAW F AAmAl= FEe Melng ¥ wEelGhi er al,
2007 ), U EHF AEZF WA HAY & JOW AL o}F FFF /1A Ak Y
o

s <l
2 A= Bldshe2 A Aul= W=y #Y
<= ol Hale] TS Alsty wof Ao WE =¥y 2 FgIF AV A 2+ 3
on, & A2 /MEE frls BEAANE FEE ol&ste] oA #E ATy GELIE
T AAFE A 5 AUlE A Al 78T AeE A4HET

EY IS BdY F5AE AR Aur|de] AV 28, @4 9 o vZs
ok ol 54 wiEol A2 AR A8A At 2ok, dH AT A HeM s A
s wiEol 10 o) At Erbsstrh. 3 HAFHY, §AW, 9 S fA #AdE 149
of Fa 108 o] A=HTAE Agsty &4 ARl AVE HIE oo wEhA kR

& Ak Aaetr] ASAE 7% AL "asio,
F71% Qakel A4S el dBA BW, AU AEAY, 18 P WA 7%

5o] o] o] folAof stk mak WEal WAl AL AMA Aus] AsiA A
g7go] iAol = gatel ok deh

Cheon ef al (199D)e] °|3t@ <lite] A4S 913 M1 BFe vk 10~20%5 o] ¥

s)zin} glom, Fo| R A9 Fahatgoel Axste] 2R

> ARa0] B G 7% Astel 3 D x7] Yo By
S

Lo

A5 AL 20~25C 2 30T o] aodA= AT Aes S0l LA, B3
o3k At v &R w2 ZAo=®E &<l FHAa(Park, 1980), Cheon ef al (2003)el st
FEFH 2ov ARdAC o] 257t vod, A FFS Aoty 257 55 AR
Fo ozt shath

A AHE F3F EHJS=Z pHE 5.0~6.0, §F5 == 0.5ds/melst7F Aj}sts 1.0ds/ime @

g0

712 wolol Fhth A AFEFS 50mglkgoldt, §71E 10~20g/kg, S-& 1A 100~250mglkg, ZE
0.30~0.70cmol*/kg, Z< 2.0~4.5cmol'/kg, wl1Wl% 1.0~2.0cmol’/kge] Zl&slti(s&23%5H
2009). ¥ E=® Fr)E AaS Adistr] fEiA A @A Hddo=REH Ad 2w
A7l=ol astty ol¢t AHst A&As] HAHS Sl A 54 ek 2 diF A7 A
& = o %0111(39 At AE AT H FA B WAE Al Awef A HH & &
RS Al fFrls AAE A A NI TE A J& Hol gitklee GS et al,
2003; Lee SA, 2007; Lee SW ef al, 2012; Seo MJ et al 2011).

HT 0 sEH VM AFol W F2Y A= W #Alol J
A4k Aol oA 9 JHA B gAsEt B fUlE A4 AARE g 4
I Ak ol whet QU= AlAul O] e A7F Bel I Ha ded, VEHeE S
o 7F¢ +83% 289 F 3yl FE dASt= LEDAH Y #3d A+Kim ef al, 20117} Z13Y

_‘TL
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T7F &iks] 28 FHo] gkow(Kim YB ef al, 2013; Lee

GA et al, 2012; Lee GA et al, 2012), Z+ 7]
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M2d =uel 7lside g

A4 %141 ZleNd A

JASHAL 49.7%, =3tF2 431%°] F7HEE A2 F7ieATh 2000~2003d el AA] Q1F
HAE AHT 122.7%9] FSAE BAL, HT 59 F2H2007~20119) = AT 12.2%=
23] bkt ANbA R HE fUEAET FEdeitEe SUMste Wi, AEof
FTAHES 2008\ o] F FTF FAIVE Aol A Ashe FAE Hola
& A=W A FAE AFAH W Fo)
@9l A, &, ha, %
T 2000 2007 2008 2009 2010 20117 ojj‘ir
a==3
E7 4 353 7,507 8,460 9,403 10,790 13,376 39.1
j]r 2] 296 9,729 12,033 13,343 15,517 19,312 46.2
=3 6,538 | 107,179 | 114,649 | 108,810 | 122,243 | 190,912 35.9
o | E7HF 1,060 31,540 45,089 63,653 83,136 89,765 49.7
F ek 876 27,288 42,938 71,039 94,533 95,253 53.2
*F | zaz 15,694 | 443,989 | 554,592 | 879,930 | 1039576 | 915,823 44.7
= | T 1,035 92,413 | 119,004 | 125,835 89,992 57,487 44.1
F ks 867 85,865 | 119,136 | 117,306 83,956 58,109 46.6
¥ | zoz 13,174 | 1234706 | 1519070 | 1,369,034 | 1,053,702 | 712,493 43.7
7 E 2,448 | 131,460 | 172,553 | 198,891 | 183,918 | 160,628 46.3
Al ™ 2] 2,039 | 122,882 | 174,107 | 201,688 | 194,006 | 172,674 49.7
ot 35,406 | 1,785874 | 2188311 | 2,357,774 | 2215521 | 1,819,228 43.1
74 A A A 1,888,765 | 1,781,579 | 1,758,795 | 1,715301 | 1715301 | 1,698,040 -0.9

H 3 AFAE S53S BH, 2007371A] wZ2A] F7Fster o] 3 20093 7EA]
Z7ho] 98tE ST 201083 2011l &aleo] astE AoZ yehd
Zhsheh 20099 SFzk AAH AL o] F A
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= T8l met A Aol = FHeFo] T =
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M3g ghEsd HWE 3 25

A 148 F71% 52 B4 ALRA| 2=H

L 71 4= /g

7 Ag 28

® A8ER
APEAE Aol $EH ARF FAE BrrelA FYs] AgHAT

@ A
B oAge 20109 497 FUtistn FUYHASRG P BEY wldshg o)A
FAFATAIR . S92 FEE Bol 5m, UM 84 m, BBE 12 m, &0 1.2 mo|

3, AR e Avkaly) Hok@l A& 85%2) AR g wg glel s

3 FE=RA

FEE JERA, HepolE, HulFgo 1 , ZAIES] PN LS A3t B Aol F
F=F =23 EAL 2P, FE ZARAAA AA AF4, FuyolE, 1EANF]
(dolomite), #jwpAtdbs AgF 3 7}0}%4 E FAA R 36 &2 Table 19 Yelhg At
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Table 1. The formulation of root substrates used in this study.

Composition
Substrates %(VIV) g/L

Pt Pl Vc Co Po Lb Dm Cm

PPV-1 70 20 10 - - - - -
PPV-2 70 20 10 - 0.3 0.4 0.2 2.0
PPV-3 70 20 10 - 0.6 0.8 04 4.0

PPV-4 50 40 10 - - - - -
PPV-5 50 40 10 - 0.3 0.4 0.2 2.0
PPV-6 50 50 10 - 0.6 0.8 0.4 4.0
PC - 40 - 50 0.3 0.4 0.2 2.0
PV 50 - 50 - 0.3 0.4 0.2 2.0

*Abbreviations; Pt: Peatmoss, Pl: Perlite, Vc: Vermiculite, Co: Cocopeat, Po: Phosphate ore, Lb: Langbenite, Dm:

Dolomite, Cs; Castor seed meal.

(1) HEEH

FES =814 £42 Choi 5 (2007 W =3l &, 7174E, d4E 2 7HiFss =
AaAtt AEAZ T 1: 5(HE 75 vVIVE 343 3 1 FE899 pHe ECE =43}
AT o] &HoA NHs-N, NO3 -N, P,Os= Thermo Genesys 10 (Thermo Fisher Scientific
Inc)< o] &3t mA=A43s4a, K, Ca 2 Mg pH 7.0 NHOAc &2 F&3 & AAF
FEAAR EASAT. Al 4 HE w218 H ESITAY &4 H RDA, 2003)

of st s

flo

Y. 23 4 1%

D) ZE2 &7 334

A F ol £4% FES =g - 35tz 5442 Table 13} 29 Yelit. B &84
S40A HERZ 70%0) BefolESt HuEHoEE 2 : 1 (vVVE =33t 30% 4T 3+
FTE°] 78.8~80.6%, &7]1&FF] 68.3~70.5%, 1&a 7|’FE°] 8.3~12.3%2 HWHAZ SHHS
o Iy JERZS HES 50%E $Fal HepolES BN EHolEE 4 1 1vVE 29T
E4E 50%E 24T AF F=E0] 80.0~-81.2%=%, &7 &) 67.5~70.0%, 18I 7FE
11.1-13.1%=% A HJH. o]de ZA3}E Tl 27l & "Hepo]EY Hu|EZo|ES] H| &0
S7hel w2l 358 % EGEFIAL AR 71EEC] SUhekaL, B A 878

e
gol 4age & 4 Atk

d

o

%

2

Lo
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Table 2. Physical properties of root substrates used in the experiment.

Substates*  Total porosity (%) Containe capacity (%) Air-filled porosity (%) Bulk density (g/cc)

PPV-1 78.88 70.53 8.35 0.127
PPV-2 78.78 70.53 8.25 0.127
PPV-3 80.59 68.32 12.28 0.131
PPV-4 80.65 67.51 13.14 0.115
PPV-5 80.03 68.81 11.22 0.133
PPV-6 81.15 70.02 11.13 0.119

PC 75.88 67.15 8.73 0.124

PV 72.26 64.59 7.67 0.107

*See Table 1 for treatment description.

Table 39149} o] FES] pHE 5.97-6.452] W9l &l on, MEr20] Hlgo] F7fst
A gepolE wjgo] gasty pHyE ofzk dostiith. EC Addld4] (P205 : 20.25%),
el E (K20 : 21.5%, MgO 17.87%), :11E413] (MgO :5%, CaO 29%), S|utAtut (N : 5%, P : 2%,
K : 15& 718k ¢k& PPV-13 4 FE7F 242} 0.03%% 0.05dS/m=z o2 JEo] Hlste] 4%
3 dokth 2y f71d 2 Fr1d AAES H7 PPV-2, 3, 5, 6, PC % PV AEE
0.13~0.28 dS/m= S = o] FAH| ol vlste A F7kski.

Table 3. Chemical properties of substrates determined at the end of experiment in this study.

pH EC NH,-N  NOs-N  Avail.P,Os Ex-Ca Ex-K Ex-Na
Substates*
1:5) (ds/m) (mg/L) (cmol/L)
PPV-1 6.38 0.03 124.4 38.2 18.45 23.53 14.95 6.51
PPV-2 6.36 0.14 148.4 43.4 28.85 26.25 14.98 6.92
PPV-3 6.29 0.23 221.2 65.8 110.14 30.44 15.74 7.11
PPV-4 5.97 0.05 91.0 54.6 10.69 21.84 14.95 5.48
PPV-5 5.97 0.13 103.6 77.0 45.86 26.45 14.95 5.87
PPV-6 6.00 0.28 133.0 70.0 92.91 26.86 15.03 6.33
PC 6.45 0.21 56.0 14.0 97.33 4.07 15.30 7.82
PV 6.35 0.20 47.6 53.2 62.16 29.6 17.23 5.49

*See Table 1 for treatment description.

AE2S] NH4-N FE+ 47.6~221.2mg/L, NO3-N T %
Auke] gFol Zrlgol wet o] HES| BEE HolAT
A e] Arbeo] BolASR wER ZrbeAT

7.0ng/ll W92 MER 2 v}
AEEE 18.45-110.14ng/LE 3
A K 14.95-15.74 cud/LE FEo] %
Fol wat Holrh ZA LYtk Ca FEE WMER 9 WuFHolEE R AEL
21.84~30.44 cnd/Lo|Q O} B Ew ol Wu|Zeto|Evp HbE A e PC AEE 4.07 cnd/LE
O ZEo vt €53 Wt

FIF rE \1

. o
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1A Auizt g3k Eekol 3-84S pHr} 5.0~6.0, EC 0.25~0.50 dS/m, <14F 70~200mg/L, Z
g 0.2~0.5 cml/L, Z% 2.0~4.5 cml/LolH, Au] 7153 Eoke] sl8-4d-L pHYF 6.50]3), dRFE
% 1.0 dS/m o3}, <14+ 300mg/Lol3}, Z+e] 0.8cmd/Lolal, Z+4 6.0 cmd/L ©]3to|th (Choi et al,
1996).

B Ao AHed s E g HES eSS 99 7lFEXe v A3 pHE PPV, 5,
6 FEZF A3sta UmA] FEE 884 28k EC= PPV-6 FEY A3tsta, vH

A

2. 71 BA Bl<

b As D
ORLES
AHFAE Aol HEH AAF FAE FbIA FUse] gtk

@ Ay

B oAFe 20108 495H FYUgE PP AIR B
SASFATHAL . 892 TEE B0l 5m, Uy 84 m, E
I, AR e Adelr] g5kl AR 85%0) AR AREL v 9o 25T

Ul
2EEF XE (500 X 300 X 170mmel %3 HEE FHsta

= FEsl Be 2 O, )
A AUE BAF S TUs] 3 x 3] BAO2 49 16200 HESFHDAR 2)
Hdshe oo $4 2Ae $la) ol Aol 15C o4, Wol Fol 25C o4O L%
45T AT o5 ZAAAG o8 SUs BF F3e) wdo] AFOR AANES =
Il

=
¢}
S, ZAB7el A3 L% F5e AAAZAG. AW F AsrE wrstgon g
o

A8 AelshA sk,

2

3 ASZA
AEZAME 99 2790 AA, A2AA, AR AAZ, 9974, 24, 234, & AAFE 40

WA 3HE o 7 FASY T 54 42 DMRTE o] &3t FoatE AA s
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AR 2. 2|2 EZ X E Ay

L e o = T

D BES FTF7F B AR vA= I

TS FFote 7€ 271 AFEL S AR A+ Table 49 2ot 37442 PPV-1,
2, 4 2 PC vjA ol A 8.00~8.75ecm= PPV-3, 5, 6 @ PV ujA|¢] 6.56~7.24cn .t} Z7}8tdth 7
Z174& PPV-2, 3, 5, 6 ¥l oA 1.20cm m]gFo]l o1} PPV-1, 4 PC, PV ¥jA| o A& 1.20~1.27cn
oo w ozt F7kslth AT FHALS PPV-2, 3, 5, 6 2 PC HiAI7} 14.05~14.74ni o] 2L
PPV-1, 4, PV ¥l A= 15.43~15.65nf & <3t 718k

A4 AAG YAFS PPV-3, 5, 6 #iA| 7} 25~27 golal PPV-1, 4, PC, PV vix& 32~34 g

o= ofFk FUFSIATE o3 Zol AR, AR P AHE AAFTE PPV-1, 4, PCuj Aol A,
%‘?J 92 PPV-1, 4, PV wjA oA AKo] S8 AFo|on, PPV-3, 5, 6 wjA A 2kt A
Aot ¥ele] dol= PPV-1, 2, 4, 6 wiA A 9.22~10.46cm ©] o]l o™, PPV-3,
5, PC, PV iAo A= 9.0cm w|9to]ich. Be]o] 24 z+zb PPV-5¢}F 68 %7} S5um 2 5.35mm
o] o, YA wjR|o A= 4.55~4.76mmo] At} BE]l AT AAFTS PPV-4 wj =7} 0.75 g&
=2 /b A%, PPV-1 #lA 0.68 g, PPV-2 8] 0.60 g, PPV-5 8l =] 0.58 g, PVul=] 0.56 g,
PPV-3 ®j=] 0.53 g, PPV-6 #j=] 0.51 g, PC Hi#] 0.50 g =& 71 i),

o]’3} o] ¥Ele] Aol PPV-L, 2, 4, 6 A olA, FE] AT PPV-1, 2, 4, 5u)A]| o A

l‘N
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Table 4. Growth characteristics of ginseng seedlings at six months after sowing in Mongolian

shaded plastic house as influenced by various formulations of root substrates.

Stem .Stem Shoot. fresh Leaf area Root .Root Root.fresh
Substates®  length  diameter weight (ciif plant) length  diameter weight
(cm) (mm) (g/plant) (cm) (mm) (g/plant)
PPV-1 8.75a**  1.21a 0.33a 15.65a 10.46a 4.55b 0.68b
PPV-2 8.26ab 1.17a 0.33a 14.65¢ 9.25b 4.76b 0.60bc
PPV-3 7.21c 1.19a 0.25bc 14.71bc 8.47c 4.55¢ 0.53cd
PPV-4 8.35ab 1.23a 0.32ab 15.50ab 9.65b 4.76b 0.75a
PPV-5 6.78cd 1.16a 0.27abc 14.74bc 8.09cd 5.00ab 0.58cd
PPV-6 6.49d 1.19a 0.25a 14.44c 9.22b 5.35a 0.51d
PC 8.00b 1.20a 0.34a 14.05¢ 8.54c 4.65b 0.50d
PV 7.24c 1.27a 0.34a 15.43ab 7.78d 4.62b 0.56¢cd

*See Table 1 for treatment description.

**Mean separation whithin each columns by Duncan’s multiple range test at 5% level.

o Zo] JIMNFEEL AT JERZ2, HYgolE g HuEgolESE E43 wiA ) 77
4 8 77 AAE HIVSHA iAol A 7h ¢7RE BAE AatE 5 i Nam
(1990)2 dFs% 7kl e AAIAE= EC 0.3 mmho/em ©]delA @ASA el oH
EC 0.1 mmho/cmell Wl ZFo] 40% °]’d #astithal stttk webd f71d 5 7714 =
ANE H7FeHA &2 wiA oA 278 Fo] FZsta o] wdE A2 A4ke] BEAko] Al
m]-¢- ofstm 2 ECe BHe] A& Ao x Azt

o AdE nHg W BAe] AR FES SR A BTl F¥FS LT

3T Bk ARES SUsAY] HeiAde 2YA8S ESEUIAY AR TEEe
=
=

Ho

(SN
o

i

of Wt Bt

B AT ABE A4S f71F AT BAATL A TUE S Qor, A Fo|
g mEslel sty Bl Sl ARE FEIHER f70% AMNE HERA BE
g 5 e Aoz AZHEY
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AN2A F71% sH52 @A Al 2= g
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1 71 ZEMNT

7E As 2 U
D ¢ AA
B AL 2010~2013d0] ZAH Fddistn wdAAE A R B2y 2 B

g Bldshp-2o M F A THALR] 3~4).

@ 12 e HE =4
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Table 5. The combinations of bed soil substrates used in this study

Composition*
Substrates %(vIV)

bt Pl Vc Co Rh Po

PPV-1 50 40 10 - - -
PPV-2 50 40 10 - - 0.3

PPV-3 50 30 10 - - -

PPVC 25 40 10 25 - -

PVC - 40 10 50 - -

PVR 50 - 10 - 20 -

*Pt: Peatmoss, Pl: Perlite, Vc: Vermiculite, Co: Cocopeat, Rh: Rice hulls. Po: Phosphate ore.

@ 23 AL FEY =4
UabA o) ek Eope] SRS Fade FEE WER2, HeloE, wv|@elo|E,
s=vES] EFN ST 2 A Aol API=F Bl BHS mUsAon, FE

T4 Az 24 vlE&E Table 60 e AT
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Table 6. Composition of three root bed soil substrates used in this study.

Composition®* %(v/v)

Substrates

Pt Pl Vc Co
A 50 40 10 -
C - 40 10 50
E 50 30 10 -

*Abbreviations; Pt: Peat-moss, Pl: Perlite, Vc: Vermiculite, Co: Cocopeat

@ 32 ME HES =4

AN SES ¢33 A EH|A = Peat-moss, Perlite, VermiculiteE #]gsle] QA EAER 7]
2 A BE 11,

W = AAEQ} Peat-moss, Perlite, Vermiculite, ZeoliteE &3%3te] W& BAE
1:2, 2218 &2 &3l AMESIH o, 5F9 HE U 2 A ES Hl&2 Table 73 &
t}.

Table 7. The combination of root substrates used in this study.

Composition*
Substrates
[0)
(A-B) %(VIV)

Pt Pl Vc 7l
1:0 50 40 10
0:1 70 15 15
1:1 60 28 5 7
1:2 63 24 3 10
2:1 57 32 7 4

*Abbreviations; Pt: Peatmoss, Pl: Perlite, Vc: Vermiculite, Z1: Zeolite

4 FE B4
BES g AL FEAZR T ISRESF T VIVE XN T O FEFE899 pH ¢
ECE =A3l9th o] &4 NH-N, NO3-N 2 P,0s= Thermo Genesys 10(Thermo Fisher
Scientific Inc)< o]&3st B4 43¢, K, Ca 2 Mge NHOAc(pH 7.0) &§qo g2 &
gt > AAFFEAARE FAAT HAREAR] £ e FEXUTH ESetY 24 9

HRDA, 20039 F3st

=
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D 1= AL FES 35H3 E4
715 A4 Aujg HJES sstx 542 Table 83 Ztrh AES pHE 5.9-6.89 HMIAE
Holow, AAVEY f7A8 HlEgo] FrlstH pHZE ot Asstddth. ECe ddAJd3A
(Po0s: 20.25%), Hauo] E(K,O: 21.5%, MgO 17.87%), 11 EA 3 (MgO: 5%, CaO 29%), 3 wlx;
HHN: 5%, P: 2%, K: 15)& 3713k PPV-2¢t Zi9EE 7}k PPVC, PVR &7} 0.1 dS/m
OGO 2 TE HFE HIgt ot &A YENT
FES NH,-N FE+ 14.01~68.63 mg/L, NOs-N HE& 5.60~58.83 mg/L HHEZ JEEX~
gFol F7Hgel wel olE AEY FEE ZoMoh dAFEEE 6.06~110.14 mg/L M=
A ES} HAJFA ] HItFo] wopds= 7tstdtr. Ko Ca 5+ JERS
9} wimFeo|EE £33 HES KEEE 4.47~9.66 cmol/L, Ca¥s =+ 30.19~35.89 cmol/L
flé Holw FES Ffol wet zolrt AR ko, PPV xAgdH oA Hejo] Egtaol
23 PPV-3 AEE Z+ZF 17.83 cmol/L, 64.23 cmol/LZ T A Eo| H|3te €53 =4
E}}&E‘r

OlN rz
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Table 8. Chemical properties of bed soil used in this study

Av

Sub pH EC NH,-N  NOs; -N Pzd5 Ex-Ca Ex -K Ex -Na
strates” (1.5 (asim) (mg/D) (cmolll)

PPV-1 5.93 0.04 68.63 58.83 9.70 33.21 4.47 2.64
PPV-2 6.08 0.10 46.22 23.81 16.75 35.89 4.61 3.17
PPV-3 6.30 0.03 30.82 5.60 6.46 64.23 17.83 27.39
PPVC 6.61 0.08 23.81 22.41 18.56 30.19 8.23 24.52
PVC 6.78 0.15 14.01 19.61 15.13 31.05 9.40 21.95
PVR 6.58 0.04 28.01 22.41 6.06 30.97 9.66 2.65

* See Table 5 for treatment description.

() 2z g =9 35 54
FEO FEE w4 A= Table 99 2ot <1 dBA Bk A =1 (RDA,
201D Blwstde o, H4E A, C, E9 pHe 27 6.08, 6.78, 6.302.2 C FEAA 9zt =

dth. ECE AE A, C, EdlA Z+7} 0.10, 0.15, 0.03, NO3-N&= Z+2+ 23.8, 19.6, 5.600.&2 3%
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Table 9. Chemical properties of bed soil substrates used in this study.

- pH EC NO; -N I\E“ sz& BEx-Ca Ex-K FEx-Na
1:5 (dSMm) (mg/L) (cmol/L)
A 6.08 0.10 238 462 168 359 046  0.32
C 678 0.15 196 140 151 311 094 2.0
E 630 0.03 560 308 6.5 642 170 274

* SB: Substrates, See Table 6 for treatment description.
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sk, Mge] e 0.73~0.78cmol/LE 3F¢ &3 HEMAAA Z ztol& Ho|A FUTh
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0.4cmol/LZ AA3shd 1:.04), 0:1B), 1:18]&2] &3 HEE ti o stk Mgel &aFolA
= 5% AE BT B3t EGAE B4 Ay itol Ao AR HdEZE 0:1B)9
128189 &3 HEJ /M 2353t sk

Table 10. Chemical properties of substrates used experiment in this study.

Sub NHy NOs Av. Ex Ex Ex
pH EC
strates* -N -N P>0Os -Ca -K -Mg
(A:B) (1:5) (dS/m) (ml /L) (cmol/L)
1.0 6.74 0.15 27.3 39.2 9.70 4.22 1.09 0.79
0:1 6.15 0.09 37.1 13.3 47.6 3.61 0.9 0.77
11 6.60 0.11 28.7 14.0 18.7 3.52 0.6 0.78
1:2 6.55 0.08 27.3 7.7 24.7 3.24 0.49 0.73
2:1 6.93 0.08 9.8 8.4 6.44 3.62 0.4 0.78

* see table 7 for treatment description.
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Fig. 1. Comparison of quantum inside and outside of the plastic house during daylight hour.
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Fig. 2. Monthly changes in mean and maximum temperatures in two different type of
shaded plastic houses.

MG: Mongolian type plastic house; NM: Normal type plastic house; FD: Field.
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Fig. 3. Comparison of the seedling emergence ratio between Mongolian(MG) and Normal

type(NM) of shaded plastic house.

_36_



() o592 D FEY FR ME 2d2 Ao YL

(e] =
2393 718G sh9a0 FES TR ME Qe A% SHL mAste] BARNY
A

A Table 113 2tk 392 FFol he B 24, 447, A2 YAF, 992, 2
47, Ak AAFY Aole 159 fegol Yo THNME FelHel ARHA &
sith. dEe] zAd uhE 2%, 414, 4R, 24, 297, 23 159 fo40 AN

Table 11. Mean squares (two-way ANOVA) for key growth traits of ginseng grown under

different houses and bed soil substrates.

Growth traits

Source of
variation SLY SD SFW LA RL RD RFW
A (House) 13417 007" 0127 8017 2.38" 45117 12.90”
B (Substrate) 88.11° 0.31" 0.02° 936" 58.47" 82.61" 9.73"
AXB 11.04° 0.03% 000 354 3.89" 24.30" 3.22°

¥ SL: Stem length, SD: Stem diameter, SFW: Shoot fresh weight, LA: Leaf area, RL: Root length,
RD: Root Diameter, REFW: Root fresh weight.

NS Non significant.

™ significant at P<0.05, P<0.01, respectively.
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18.2 cm2 uYehgtew, PPVC, PVC, PVR HiAl= @A u] 13.0 cmE ot Aqom {40
AA= AT Bele AL ZHzt PPV-2 A7} 949 mmE PVC, PVR HjA|o| A Z+z}h 7.59,
749 mmET Flom FojAo] AAHH A

e MAE AT PPV-29F PPVC sl Aol A 2zt 2.78, 2.66 g, @3y AHul 2.58 g, PPV-3
Hj A 2.34 g, PPV-1 vj=] 2.15 g, PVC 8= 2.12 g, PVR HjA] 2.02 g =22 A YESS
m PPV-2, PPVC ufj#|¢} PPV-1, PVC PVRE|A] Ztoll= Aol AR HAH

Table 12. Growth characteristics of 2-year-old ginseng in Mongolian type shaded plastic

house as affected by different formulations of bed soil substrates

Growth traits

Substrates* SL SD SFW LA RL RD RFW
(cm) (mm)  (g/plant) (cm? plant)  (cm) (mm)  (g/plant)

PPV-1 26.2a 2.29a 1.77b 82.5a 16.4ab  8.04bc 2.15bc

PPV-2 24.4ab  2.27ab 2.07a 82.3a 15.6ab 9.49a 2.78a
PPV-3 23.8ab  2.26ab 1.87ab 82.0a 15.6ab  7.95bc  2.34abc

PPVC 25.4a 2.25ab 1.90ab 81.2ab 17.2a 8.25b 2.66a

PVC 19.3b 1.92b 1.76b 79.5ab 18.5a 7.59¢ 2.12bc

PVR 24.0ab  2.19ab 1.65b 78.1b 18.2a 7.49¢ 2.02¢c

Field 25.8a 2.25ab 1.73b 82.1a 13.0b 8.22b 2.58ab

* See Table 5 for treatment description.
SL: Stem length, SD: Stem diameter, SFW: Shoot fresh weight, LA: Leaf area, RL: Root length,
RD: Root Diameter, RFW: Root fresh weight.
Mean separation within each column by Duncan’s multiple range test at 5% level.

rlo

718% shezolA 2d2 Ao ASEAEe AR Ads Table 133 2o AR
PPV-1, 2, 3, PPVC, PVC, PVR iAol Al Z}2} 20.4, 19.6, 23.1, 22.1, 20.3, 19.0 cm& 3§ )| vl
25.8 cmETh ko YA uje} PPV-1, 2, PVC, PVR ujA|Ztell= ool A=A 7
2742 PPV-1, 2, 3, PPVC, PVC, PVR HjA| oA 27+ 2.15, 1.93, 2.08, 2.08, 1.82, 1.99 mm=
YA AN A 2.25 mmE I Agkeh AAAY FHA S PPV-1, 2, 3, PPVC, PVC, PVR wiA|&=
Z+zy 79.3, 81.2, 80.2, 80.1, 80.0, 78.6 cm*’Z, W3 A ) 82.1 cm® Bt} 2giTh,

A g5 MAT A FL PPV-1, 2, 3, PPVC, PVC, PVR ujj=]e|A] Z+z+ 1.74, 2.00, 1.88,
1.84, 1.67, 1.61 golar AP Aol A= 1.73 goldth. PPV-2 wj =2} PVR HjA| tell= {94
o] A=A,

el Zdol& PPV-1, 2, 3, PVC, PVR wiA| o] 242 Z2F 14.3, 14.1, 14.8, 14.5, 13.2 cm,
PPVC HjA|7} 15.3 cm=& 7+ A3, #A oA = 13.0 cmE 7H #4oh. PPV-1, 2, 3,
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PVC, PVR Aol A &2 Z2+7F 14.3, 14.1, 14.8, 14.5, 13.2 cme]ar, &P Aju7t 8.22 mm
o2 7 F3UTh

B MAE AAFSS PPV-1, 2, 3, PPVC, PVRul Ao Al Z}2y 2.22, 2.30, 2.21, 2.32, 2.23,
183 go= AFAu) 2.58 ghth 7ot froldo] JAAHA FUTh

7189 shezoles B At FEIRS FoA= yEhA] gk en, PVC, PVR Hj x|

A A%l okt AxG AT FEY she2s) vlssAl ek

Table 13. Growth characteristics of 2-year-old ginseng in Normal type shaded plastic

house as affected by different formulations of bed soil substrates.

Growth traits

Substrates* SL SD SFW LA RL RD REFW
(cm) (mm)  (g/plant) (cm? plant)  (cm) (mm)  (g/plant)
PPV-1 20.4b 2.15a 1.74bc 79.3ab 14.3ab 7.80ab 2.22ab
PPV-2 19.6b 1.93a 2.00a 81.2a 14.1ab 7.27bC 2.30a
PPV-3 23.1ab 2.08a 1.88ab 80.2ab 14.8ab 7.83ab 2.21ab
PPVC 22.1ab 2.08a 1.84ab 80.1ab 15.3a 7.89ab 2.32a
PVC 20.3b 1.82a 1.67bc 80.0ab 14.5ab 7.80bc 2.23a
PVR 19.0b 1.99a 1.61c 78.6b 13.2b 7.34C 1.83b
Field 25.8a 2.25a 1.73bc 82.1a 13.0b 8.22a 2.58a

* See Table 5 for treatment description.
SL: Stem length, SD: Stem diameter, SFW: Shoot fresh weight, LA: Leaf area, RL: Root length,
RD: Root Diameter, RFW: Root fresh weight.

Mean separation within each column by Duncan’s multiple range test at 5% level.
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2 Bischoff C18 ace-ESP (250x4.6mm, 4um, Bischoff Co., Germany)< Al&3t92oH, UV
wavelength = 203nm, flow rate= 1.0ml/min, Column temperature= 35C oA A A3} T
HPLC B4 %7 acetonitrile : water® acetonitile 20% (0&), 20% (10&), 29% (398), 41%
678, 47% (70%), 71% (90), 71% (95+), 20% (95.01%), 20% (115.01)= A AR T

2 23 92 1%
oD 392 We BE 9 5 WHst

2013\ 44~TL7HA] B EY A 6A~2F 6AI7EA 29 AXPE Ht FFE Fig
49} 2t} 499 HF FFgo] 682 umol/s/iE JHF ERIL, 5 6, 79 FoFFol ztzt
14.5, 155, 255 xmol/s/ni & 4ol w3te] vt 49~79714] &
7} 126.8, 22.4, 23.6, 41.4 pmol/s/niolQom, 35 F Fo] 7b4 Btk

44 olF B}-2o FrFo] §A43%] Yopxl AL S5EFE s
k-5 Holl AFoE Pk, s Bld 9ol 3 HY AR AAst 2R
o o FdES EAFU7] WEolth

o o] FHEFS E uw AAFe 10% HQE FFo] =& u AT &
A JehR] ge Aoz yzETh w3 QAate]l ASd 2 o
(Cheon et al, 199D & R uEo] B Ao 32 U Feke ox Mo #3tagdn).
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Fig. 4. Change of mean quantum per month in shaded plastic house.
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Fig. 5. Monthly change of maximum, minimum and average temperature in shaded plastic

house.
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Table 14. Effect of bed soil substrates on the aerial part growth of 3-year-old ginseng in
shaded plastic house (Observed on July 15, 2013).

Sp Leaf Leaf Stem Stem Aerial part
length wide length diameter weight
A 9.10a** 4.28a 25.9a 4.19a 7.98a
C 6.10b 3.38b 22.6a 3.08b 4.35b
E 6.40b 3.20b 24.0a 3.01b 4.22b

* SB: Substrates, See Table 6 for treatment description.

** Mean separation within each column by Duncan’s multiple range test the at 5% level

A C E
Fig. 6. Growth characteristics of aerial part of 3-year-old ginseng in bed soil substrates
(Observed on July 15, 2013).
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oS FE A, C, EdlA Z+7F 6.42, 6.05, 3.60 golRom, ZFol tigh X - Mo FA
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d AJY BE EolA AT - A2 Hlgol 7H AAA UEET. 253 AT - Al Hle
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Table 15. Effect of bed soil substrates on the underground part growth of 3-year-old ginseng
in shaded plastic house (Observed on July 15, 2013).

LFRW

SB* RL** MRL RD RW MRW LFRW
| RW
A 18.3a*** 6.82ab 12.3a 6.42a 4.43a 1.99a 31.0a
C 18.4a 6.04b 11.1ab 6.05a 4.19ab 1.86a 29.8a
E 18.6a 7.51a 9.42b 3.60b 2.92b 0.68b 19.6b

* SB: Substrates, See Table 6 for treatment description.

** MRL: Main root length, RL: Root length, RD: Root diameter, RW: Root fresh weight, MRW: Main
root fresh weight, LFRW: Lateral-Fine root fresh weight, LFRW / RW: Lateral-Fine root fresh
weight / Root fresh weight.

*** Mean separation within each column by Duncan’s multiple range test the at 5% level.
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A C E

Fig. 7. Growth characteristics of underground part of 3-year-old ginseng in bed soil
substrates (Observed on July 15, 2013).
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C>E Ao, 4E A C E&} &3 =AM bl o] de BT HE Av @3 =24
w9} ZFo] FARSE FEOIUARE HE CoF Ex ¢ W
AT A =AA A 15.0 g2 7P wkoH, A EEFS AE A4 7.28 go &2
M E=Aqth SASH A - AT FE CeF E gtols f94d0] YA Zgon #3 =4
Aot FE A bl 240 ATk
F7F Bod AT FE UM AoE AZET, A2 Al A Hlste] A=A
ol Jtgko] Wr| wfEo) (Kim ef al, 1983; Jang ef al, 198DA 3 A2 Z7lE= A Aol =
o(:)]

g 2 Aoz Az

ot A =AAEISH A HE bl oS Btk FA AETH A - A2 dEFE FA
I AT - AT AFH gen, AT - AT HETS 4E A B =AAMe} FE C

E 2ol fojde EAn
Sd Qlate e FHE A= wlws] BW Fig 83 o B3 A A Ejdl Hlste &

Adl A AjujE QIbe] AZe) 7F BAL, FAE Fa w2 Zlo] 540l

Table 16. Effect of bed soil substrates on the underground part growth of 3-year-old ginseng
in shaded plastic house (Observed on October 1, 2013).

SBY  RL” MRL MRD LRD LRN RW MRW LFRW RDW MRDW LFRDW

A 21.2ab® 4.41c 17.7a 3.71b 6.50a 16.1b 8.78b 7.28a 3.53b 2.24b 1.29a

C 21.8ab 4.73c 13.0b 3.36b 3.65b 7.89c 4.69c 3.20c 1.99c 1.27c 0.72b

E 29.5a 6.05b 11.4b 2.06c 3.78b 6.02c 4.42c 1.60c 1.26c 0.97c 0.29¢

F 20.1b 875a 17.7a 4.38a 3.92b 19.2a 15.0a 4.26b 5.80a 4.79a 1.01a

¥ SB: Substrates, See Table 6 for treatment description, F: Field culture

Y RL: Root length, MRL: Main root length, MRD: Main root diameter, LRD: Lateral Root diameter,
LRN: Lateral number, RW: Root fresh weight, MRW: Main root fresh weight, LFRW: Lateral-Fine
root fresh weight, RDW: Root dry weight, MRDW: Main root dry weight, LFRDW: Lateral-Fine root
fresh weight

9 Mean separation within each column by Duncan’s multiple range test the at 5% level.
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E Field culture

Fig. 8. Growth characteristics of underground part of 3-year-old ginseng in bed soil
substrates (Observed on October 1, 2013).
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Fig. 9. Comparison of yield per Kan (1.8 mx0.9 m) of 3-year-old ginseng in bed soil substrates.
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wkted I oolhe & U /ilH.
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Table 17. Ginsenosides of aerial part of 3-year-old ginseng in bed soil substrates (Observed on July
15, 2013).

Ginsenoside (mg/g DW)

SB? PD/
Rb; Rb,  Rbs Rc Rd Re Rf Rgy Rg, Rgs Rh; Total po)

147 536 0.70 4.63 137 124 063 242 0.20 098 0.08 644 0.7
.7a

+0.10® +0.1b +0.0a +0.0b +0.1b +0.5b +0.1c +0.6b +0.0b +0.1a +0.0b +0.8b

1.78 6.26 0.76 568 142 153 09 276 028 098 0.15 739 0.6b

+0.0a *+0.1a £0.0a +0.1a +0.1a +0.4a +0.0b +0.2a +0.0a +0.1a +0.0a +0.3a
1.02 101 014 078 330 123 1.17 253 0.16 037 006 456 0.9¢

+0.0c +0.1c £0.0c +=0.1c £0.0c =0.5b £0.0a =0.4b +£0.0b =0.1b £0.0c *=0.9¢

¥ SB: Substrates, See Table 6 for treatment description.
» PD: Rbp.Rbs.RbsRc+Rd, PT: Re+Rf+Rg1.Rgs+Rgs+Rh;

© Mean separation within each column by Duncan’s multiple range test the at 5% level.

@ 3d QIAke] AstR FHedH A Atol= ek

FEE (A, C, B3 3 XA (oA 10€ 1¢ AT 3dS A9 Ay 9 2
M Alol = Sheke Table 183 2t}

AR FA FeA F IAMEAel= Rk AE A, C, E9F &3 =X Au] (Bl A Z+zt
9.98, 8.39, 8.78, 11.24 mg/ge 2 #3 =X Al A4tollA 7HE w3kow, #d =X A= 4
E C, E®} #foAds Bt sAoA PDAl AR=EWQl Rby, Rby, Rbs, Rc, Rd 9 §#HF2 HE
A, C, E9} I3 x| Auoll A Z+2y 2.44, 2.71, 2.76, 3.47 mg/g o]} aL, PTA A<l Re, Rf,
Rgi, Ry, Rgs, Ry o ke A= A, C, E9} @) w=AAwolA ztzt 753, 5.68, 6.02, 7.77
mg/go 2 HdY A A uIgE Aol A PD} PTAl M :Alol= & BF kb =4 YElRS
- PD/PT HI&2 H=3 ol dth

ME QA zALe|E ek A Aol E Rby, Re, Rg, Ryg ALt U] ARo|A A
27Fe) oS YR ggon, A xAol= Reol A #3 =X Al A HE A, C,
E9} 4945 Rolm 3.72 mg/gl & 7M1 41, WA xAlo|E Rge] A AE AdA #3Y
A A, AE C, B Fo)AS Holw 4.26 mg/ge® 71 =T wﬂi*}OIE Rb; 7 Rg
o gere FA HoolA Ao & vE&E RuHo ¥t} Kim er al, 1987; Li et al, 2010;
Hong et al, 2012). T1ejy & AFolAe & =AAME A 54 F912 Rbi# Rgie] 3
F HleS Ve AT AHet BFol vz oy ZE A, C, EolA A} & 14ke] w4 F
= Rboll ®lIste] Rgel &&Fel =of FEAHMY A5 7€ d7F23e & BFIAtt



(Kim et al, 1987; Li et al, 2010, Hong et al, 2012).

A BAolA F A wmAlol= e HE A C, E9 &3 =AA A 22 154, 18.0,
28.7, 34.0 mg/ge.2 I3 w=xAuet AE EolA AuiE Ax A Z9 F A wAlol= FEFe
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w3 A et FE EolA Eskow HE A, Cob /9 *é% B3tk PD/PT vl &S B3 =4
Aujgk kel XA PDAIL vlgo] oy HFEAMIS Aol A ZoA= PTAL H-&
o] =tk Iy H4E AE AlQstal Aty FYAS gl

ME A Aol E= A A Ao FEA A ek x| 2 Ztell Reot RgiollA & Aol &
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(Shi et al, 2007).
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Table 18. Comparison of ginsenoside content by root parts of 3-year-old ginseng in bed soil substrates (Observed on October 1, 2013).

Ginsenoside (mg/g DW)

Part  SB”
Rby Rb, Rbs Rc Rd Re Rf Rg; Rg» Rhy Total  PD/PT”
A 1.04+0.4a° 0.32+0.1a 0.14+0.0a 0.79+0.2a 0.15+0.1a 1.93+0.5b 0.98=0.1a 4.26+0.6a 0.020.0a 0.35+0.1b 9.98+1.0ab  0.3a
\ap  C 104+0.22 0470.1ab 0.14=00a 092+0.2a 0.14+0.1a 1.62+05b 080£0.2a 2.93+0.2b 0.03=0.0a 0.30+0.00 8.39+13b 0.5
OO B 105+0.2a 0.41%0.1ab 0.16=0.02 0.99+0.1a 0.15+00a 1.78+06b 0.80+0.2a 2.95+05b 0.03+0.0a 0.47=0.1a 8.78=14b  0.5a
F  1.54+0.5a 0.66£0.2a 0.15+0.0a 0.97+0.3a 0.15+0.1a 3.72+0.5a 0.95+0.2a 2.87+0.2b 0.09+0.1a 0.14+0.0c 11.2+0.7a  0.4a
A 1.37+0.5b 0.82+0.4c 0.33+0.1b 2.08£0.9b 0.87+0.5c 3.09+0.5c 1.24=0.5a 4.58+0.8a 0.04+0.0b 1.02+0.4b 154+4.2b  0.5b
Lateral 2.47+0.7b 1.39+0.2c 0.43+0.1b 2.62+0.4b 0.99+0.2bc 3.85+0.2c 1.340.2a 3.94+0.8a 0.09+0.1b 0.85+0.1b 18.0+2.2b  0.8a
OOl B 450+0.7a 2.21+0.3b 0.81=0.1a 450+0.6a 193+05a 6.03+09b 187+04a 4.90+07a 0.19+02b 1.80+0.3a 28.7=18a  0.9a
F 594+17a 3.27+0.6a 0.87+0.2a 5.33+0.9a 1.650.3ab12.12+1.0a 1.34+0.1a 1.64=0.4b 0.62+0.4a 1.19+0.3b 34.0+52a  1.0a

¥ SB: Substrates, See Table 6 for treatment description, F: Field culture.
Y PD: Rby.RbyRbs,Rc+Rd, PT: Re+Rf+Rg.Rgs+Rhy

© Mean separation within each column by Duncan’s multiple range test the at 5% level
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Fig. 10. Comparison of total ginsenoside contents per whole root of 3-year-old ginseng in bed

(mg/g DW)

soil substrates.
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15g02 BaAule) 09gH Tt FAS O, folabE ol gttt

22 1.0A), 0:1(B), 11, 1:2, 2218189 E4E7L 7 7+ 145, 161, 15.4, 14.6, 18.6cm= ¥
Aol 148cmsk 2 Aolrk AN, AW AE] folAt gen, EI 2AFL

54~7.0mm= F3YAr} 2} s.4mmet Fapol7h gl oy, EFFEISY] Fodo] A HA ST

A&RZFL 0:1BM e B HES) 2.7g02 BAS} 7b wol Uk, 1.0A), 11, 1:2, 2:1
Bl 7+ 7 1.8, 2.3, 1.8, 1.8ge1la, #AME 1.2g02 FAVF /M Bka, EFFETS
folde AAEA ekghth Ay Aate] AL EAL 0:1B)Q) HESF 1L 9] 4% AES B
Al o] S FAET 8 FFoA BT 2 AF4E BTt

Table 19. Growth characteristics of 2-year-old ginseng in plastic house as affected by various

combinations of substrates. (July 15, 2013)

) Trait®
SB?
SL SD LL LW SEW RL RD RFW
(A:B) (e (mm) (cm) (cm) (g/ (cm) (mm) (g/
cm mm cm cm plant) plant)
1:0 10.7a° 2.4a 5.7a 2.9a 1.4a 14.5a 5.9a 1.9a
0:1 12.8a 2.4a 6.1a 3.2a 1.7a 16.1a 6.6a 2.7a
1:1 11.2a 2.3a 5.9a 3.1a 1.5a 15.4a 7.0a 2.3a
1:2 12.1a 2.2a 5.5a 2.9a 1.5a 14.6a 5.8a 1.8a
2:1 11.9a 2.1a 5.8a 3.0a 1.5a 18.6a 5.6a 1.8a
Field 8.3 2.3 4.6 2.4 0.9 14.8 5.4 1.2

¥ See Table 7 for treatment description.
» SL: Stem length, SD: Stem diameter, LL: Leaf length, LW: Leaf width, SFW: Stem fresh weight, RL:
Root length, RD: Root diameter, RFW: Root fresh weight.

© Mean separation within each column by Duncan’ s multiple range test at 5% level.
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2 Aol A8-EAL Table 203 #Zo}h 1:.04), 0:1(B), 1:1, 1:2, 2:14] &2 EFAENA
A3 Ay FEAY dol= 6.9~7.8cme MR ow, A 10.1cmet Z o]} ¢t
T ATk o] Aol 1119 EFHIEo] 19.4cmE 7HE Ao, 2:1, 1:0(A), 0:1(B),
1:2v9]&0] Z+7k 19.1, 185, 18.5, 17.8cm= &3 A|u) o] 18.8cme} FAMSIA AL, SFFEZS] /9
A JAAEHA F

ZAAEe LOAAEZF 6.9mm=E 7 gkekal, #aAwlzE 10.lmm=z 7 #FAow, 0:1(B),
1:1, 1:2, 2181€9 &% AE7} 81, 7.6mm=z 5%9 &3 AEY Fox71 Atk AsHE
AAFL 107 2.1ge 2 7b8 FAZ AL, 0:1B), 1:1, 12, 2:18&9] EFHE} 2+ 7
3.3, 2.8, 2.8, 2.7, 3.0g2. & HFox7} filon, B} 4.1ge 2 FAI 7pE Zol Uzka
AHT ZFo|A 0:1B)HI&o TFAET} 3.3g0 = FAVE 714 wo] Uzith

o] Aol ol FIA, Asky &, A4, AsHE ATl dete] A A3 559
FE ZF feolAdo] AAEA RUAR, 0:1B)FES] AsHE A Fo] 33gez A )2
41go] 714 2HE AxE mygoh weld BO:DAES tste] AEe 98 =r1He ATl
AYAGH AFAQuf o} FARE 7Y 1FE fF71% Aake Aiko] 7T Ao ALREHL

Table 20. Growth characteristics of 2-year-old ginseng in plastic house as affected by various

combinations of substrates at planting density. (October 9, 2013)

g0 Trait”
(AB) MRL RL RD RFW
(cm) (cm) (mm) (g/plant)

1.0 7.3a° 18.5a 6.9a 2.1a
0:1 7.7a 18.5a 8.1a 3.3a
1:1 6.9a 19.4a 7.6a 2.8a
1:2 7.8a 17.8a 7.6a 2.7a
2:1 7.6a 19.1a 7.6a 3.0a

Field 10.1 18.8 10.1 4.1

9 See Table 7 for treatment description.
® MRL: Main root length, RL: Root length, RFW: Root fresh weight. RD: Root diameter

© Mean separation within each column by Duncan’ s multiple range test at 5% level.
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4) FF H 25 ZA}
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NAo R BEks =A519 3, 5= Thermo Recorder (T&D Co.)E o] &3te] 30% 7142

(5) W% ZA}
Y 52AE 20119 99 280] WA A AN s 3% W

A, AR, ARE AT, d9d, 2%, A4, AskE AT ) 4070 A =
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Fig. 11. Comparison of quantum in the inside and the outside of the closed plastic house

during a daytime.
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Fig. 12. Monthly changes of temperature in the inside and the outside of closed plastic
house.
CL: Closed plastic house; OU: outside.

Closed plastic house ran heating from February 21 to April 3.
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Fig. 13. Monthly changes of max., min., and ave. temperature in the inside and the outside
of closed plastic house.
CL: Closed type plastic house; OU: outside.

Closed house ran air-conditioning from May 21 to September 7.
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Fig. 17. Temperature change of the closed plastic house during a day.
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Fig. 15. Changes of emergence ratio in closed plastic house.

12€ 19 0.6gH &9 BAS o]Ast 949 28U HHEAES AR A3+ Table 213
2o 4A-S PPV-1, 2, 3 vl A9} e Aulol A Z+zt 25.3, 24.4, 22.5, 25.8 cm& PPVC, PVC,
PVR Hjz|olA o] A 18.0 (PVR)~19.7 (PPVC) cmXEth ZAglor Fojido] AAFHAT H A
L& PPV-1 wjA oA 2.28 mmE 714 ZA veRtom, PVC A olA 1.79 mm 7}4 2k
ot AAG gHEAL 78.3 (PVC)~82.4 (PPV-1) cm®e] BXZE B om, PPV-104 824 cm’Z
7HE WAou FEIY folde HolA Utk AGE AT AT PPV-2 #j A oA
216 go= 71 F7glow, PVR vz e} &3 A uj OHH% 73 g2 M 7T
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Table 21. Growth characteristics of 2-year-old ginseng by various combinations of bed soil

substrates in closed plastic house.

Trait”
Substrates” SL SD SFW LA RL RD RFW
(cm) (mm)  (g/plant) (cm? plant) (cm) (mm) (g/plant)
PPV-1 25.3a°  2.28a 1.86b 82.4a 15.0ab 8.99a 2.85ab
PPV-2 24.4ab  2.22a 2.16a 82.0a 15.6ab 9.22a 3.24a
PPV-3 22.5b 2.23a 1.87b 81.8a 15.5ab  8.68ab 2.89ab
PPVC 19.7c  2.00ab 1.97ab 82.2a 16.5a 9.08a 2.82ab
PVC 18.1c 1.79b 1.87b 78.3a 13.5b 8.07bc 1.92c
PVR 18.0c 1.85b 1.73b 78.7a 17.4a 7.83c 1.90c
Field 25.8a 2.20a 1.73b 82.1a 13.0b 8.22bc 2.58b

" Mean separation within each column by Duncan’s multiple range test at 5% level.

¥ See Table 5 for treatment description.

Y SL: Stem length, SD: Stem diameter, SFW: Shoot fresh weight, LA: Leaf area, RL: Root length,
RD: Root diameter, RFW: Root fresh weight.

ol9} o] AA, AAA @ dWAHL PPV-1, 2 #ix] @ Bl A Fwstgar, AN
A F-& PPV-2, PPVC vl Ao Al A Ko] 3 Aol on, PVCe PVR #iA| oA A
of A&o] gAR Az AUt

ma o] ZAol= PPVC, PVR uAolA Z+zt 17.4, 16.5 cmeo]lem, PVC HiA 2} 33 A uj o
A 135, 13.0 cmE 3tk ®Ee FA e PPV-1, 2, PPVC #jA|ol A 8.99 (PPV-1)~9.22(
PPV-2) mm ¥ $E YeRA I, PVR HiA] 7.83 mmEtt HoH Fo]d0] JAAH AT

wma) AT AAZFL PPV-2 ulA 7} 324 go= JpA BASY I, PPV-3 #lA 289 g,
PPV-1 wlj#] 2.85g, PPVC ®l#] 2.82 g, ¥y Ajuj 2.58 g, PVC wi# 1.92 g, PVR = 1.90 g
o2 7MW 9ith PPV-2 wix| 9 ¥ x5S PVC, PVR WX R FAYoH Folido] <l

)
O)"

=]
5
=]
-

o,>"

F

cERE
o]’§3} o] ®elo] Aol PVR, PPVC wixl, g MA1F& PPV-1, 2, 3, PPVC wjx o)A
M FEasith & MERZS, FeolE B wr|Fetol £ EFWMANA 4T @ A5y

o %ol g Eghth VERZS, HetolE U W FYEE 541 EFF /B A
#7142 R ANE 2F AT AP Ao Agel FUHUoM, FAst wuv|E
kol F7t B5F A AR AAFEF ZSA o HF ¥ F71d B )
A9 A7t pHE F/AAZY] MEOE AZET meb] ARt A5 S5uAE
BT A 3R] Aol F& PPV-1 2 WA o)A Welo] AAFE 58 Aot
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5. Sh¢-2oA FFA 7] mE ol R EobE W
7 As gy
D AdgdA=

AE) ARER D BAL oA Thske] AgeAT.
@ 5% B o447

FTA= 20119 11€ 19 3X3cmE 3%

Ak 20119 11€ 14¥ 6x6cm = o2
(3 Wolg Q Zolg A Hz wol Y Zold R 95Y A0 2ARIAT

U AdAy
(D FA Tot&

beshE FAbe) wolge 49 189 48.71%01 % B¥FL 28.33%2 HeTE FAUL B9
F FART 0% 715, 49 25Ul 2

27} 83.50%, 63.11%=% 7}Sup=o] E =0
Hlsle] 20%°]17% S7FstAtHTable 22). ol# 3t @42 7F&o #5d A= F25T77F ¢
] o] Fo F7] Wl E AZHAY.

Table 22. =3 3¢9 =4 dol§ XA}
hol-&
T &
4918¢Y 4925¢ 4430
7+&3+5(3 X 3cm) 48.71 83.50 88.33
= 3}5(3 % 3cm) 28.33 63.11 82.33

(2) B4 Eol&

7heol BAatel wolhse 44 18% 95.13%0°]
HAatol F7ksAar, 449 25¢0
(Table 23).

o]

L FolA2 95.58%= 7S04

TEHET &
= 7tz 100%8 oE

A 71¢k BA ol 100%Z0}F T

A Eoke A
Zoh&
T8
49189 49259
7H&]2{(6 x 6cm) 95.13 100
0] 2](6  6cm) 98.58 100
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(AAFE AE &3H8] S 0, 25, 50, 75, 100%)
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E HEHE S5t d4te] 4SS vlwd A3 Table 249 2oh. @A FFS AAE A
E N2 AE B0 50)01]/\1 Z+Z}y 3.64cm, 2.17cmz Zow, AR AAHL 7525 AE|

A ek Ekal, ASHE A AL 5050 AE EFHH| o)A 2.72mm, 25:75&FH] oA 2.86mm=E T}
2 EFE vlE =2 —’Fﬁl% Ut AL, 259 A5 2575 EFRCA M =2 FAE
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I AR AEE BEYY =Y 2 7140 BolA7] Wi FEY AAE 7?‘“ =
HESL7
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Table 24. Effect of recycled bed soil substrates on growth characteristics of 1-year-old

ginseng.
LL** LW SL SD RL RD AW RW
*RS : S

(cm) (cm) (cm) (mm) (cm) (mm) (@ (@
100:0 339" 217a  76lab  130ab  9.7% 2.36¢ 0.28a 0.18b
75:25 358b  210ab  8.08a 1.33a 9.88a 3.12a 0.30a  0.19b
50:50 364ab  217a  794ab  098b 1089 272 0.28a  0.2lab
25:75 394a  214ab  797ab  130ab  9.67a 2.86b 0322 0.5
0:100 3.33ab  2.04b 7.42b 1.30a 9.78a 2.88a 0272  0.2la

*RS: Recycled bed soil substrate, S: Bed soil substrate.
**LL: Leaf length, LW: Leaf width, SL: Stem length, SD: Stem diameter, RL: Root length, RD; Root

diameter, AW: above-aerial part weight, RW: Root weight.

***Mean separation within each column by Duncan’s multiple range test the at 5% level.

Table 25. Effect of recycled bed soil substrates on growth characteristics of 2-year-old

ginseng.
LL** LW SL SD RL RD AW RW
RS* : Sand
(cm) (cm) (cm) (mm) (cm) (mm) (@ (@
100:0 59447  300a 108  28%a  163la  69%a  1%a  31%
75:25 5.27b 2.76a 7.30c 2.25b 15.96a 5.62b 1.15b 2.53ab
50:50 4.85b 3.81a 8.02b 2.49ab 16.14a  6.36ab 1.06b 1.97b

*RS: Recycled bed soil substrate.
**LL: Leaf length, LW: Leaf width, SL: Stem length, SD: Stem diameter, RL: Root length, RD; Root

diameter, AW: above-aerial part weight, RW: Root weight.

***Mean separation within each column by Duncan’s multiple range test the at 5% level.
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oEGE R AFBE BEW AUAAFY TEy 2PAsY A L HE

LED(Light Emitting Diode, &3 tho] L E)E AX|sto QAFFES A L3t oA Aoy o
@2 Z2HA2"S Attt FHe BTl WdFo FFFol vl FaEEC] =
I HYLHFE HolA JduAdery ZHI|VIE @ol E&H1 IS HZ HALED &%
7F g Eo] A Ee] P ALe HA FLoE IAFHUA o] 2E9 Aujd 8
A, A4 WA FEAECIBRE IFEL AAFAHE dojsta 2= we} vz
ARtz o g AAZe] 10%WHe7F A-d wepa Qlake] FExsH S S22 157 20T o

[e]
A1 12,000 7 15,000 lux§l. ="Ml Hu el ke FEEA HAAF=(ORE O,

optimum light intensity)+ &% & 7o o3 Wsl=H, =3 257} 30C7F H4A F=x3}
-2 6,000 78,000 lux®E HolA7] wWiEo] %7} Hobd Ag Frv HdUHOE Yol ol
BEAgo] & o] Fo ). Table 263 2704 REupe} o] 4€ 209 SAT FFS HY

&z = 329 AL HY 111.7umol/nf.so)™ 2Z9 A9 HU) 65.45umol/nf.s, 152 7
ZJEH 22.42umol/nf.s o]t} AX¥E LED= AA 13]l% LED A& A%, 220umol/nf.so]
M 135 LED AZ9 3%, 160umol/ni.s o]t}

Table 26. (4/20) @529 =AH Iz (F2]: Quantum)

104 124 144 16A]
3% 103.5 86.76 111.7 518
2% 33.5 65.45 62.3 35.8
1% 17.33 22.42 18.75 12.15
Table 27. (4/20) G549 549 ==(DB) (<] C)
2= 104 124 144 164
3% 26 20.78 20.3 22.5
2% 19.21 18.6 19.38 20.8
1% 19.7 17.4 19.5 20.1
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(CI2l Z#= LED) (nm) (100mm #&|) | (unit:lmormw) | (50cm &0| Ax|7|F) 8= RIS
, EE EXI, ol =H, s =, GHE S,
ed (E4) 630 340umol/n’ s 3,300(Im) im* 2 27, 1Mo T SA HElan ol
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Table 28. Growth characteristics of underground parts of 1-year-ginseng in different
light-conditions.

Root length Root diameter Root weight
Treatment
(cm) (mm) (g
Red LED 13.4a* 4.31a 0.64a
Blue LED 14.0a 5.18a 0.62a
Red LED + Blue LED 13.5a 4.58a 0.66a
Fluorescent lamp 14.1a 4.32a 0.63a
Control 12.06a 3.60a 0.52a

*Mean separation within each column by Duncan’s multiple range test the at 5% level.

Table 29. Growth characteristics of underground parts of 2-year-ginseng in different
light-conditions.

Root Main root Root Root
Treatment length length diameter weight
(cm) (cm) (mm) (€]
Red LED 17.7a* 7.29a 8.08a 3.33a
Blue LED 18.4a 7.59a 7.73a 3.42a
Red LED + Blue LED 18.4a 7.90a 8.05a 3.26a
Fluorescent lamp 17.4a 7.52a 7.91a 3.27a
Control 16.55a 6.54a 7.61a 3.16a

*Mean separation within each column by Duncan’s multiple range test the at 5% level.
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Table 29. Change of quantum by division inner area in plastic house

15

-3-B

16

3-C

17

18

Time Quantum(umol/s/m)

() 142 1-B 1-C 2-A  2-B 2-C  3-A 3-B 3-C  Field
7 11.24 1590 1642 1025 819 871 14.26 1253 1641 465.5
8 19.19  23.25 2446 3975 10.07 1210 36.85 22.06 24.68 638.5
9 26.96 39.08 5397 20.30 1296 1599 26.02 2691 3251 998.1
10 2861 3139 40.08 20.64 1502 2045 4550 36.21 4511 1382
11 33.05 37.93 4826 21.83 2017 24.99 5250 51.11 63.04 1496
12 39.80 50.80 55.76 24.09 3121 4452 6419 8351 9575 1612
13 4599 5535 6057 24.81 2508 40.22 6817 7451 89.35 1618
14 40.78 4555 5879 2212 2489 29.92 66.36 66.57 80.97 1552
15 31.83  34.82 4090 1945 21.07 2671 44.92 5475 52.35 1345
16 2857 3224 4138 1662 1632 2053 3563 4072 4326 1111
17 2268 21.88 2978 11.83 1169 16.19 2354 2411 28.37 809.9
18 1389 1229 1328 677 574 808 19.63 1447 1541 427.9

¥ see fig. 28 for check division area
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Table 31. Comparison of agricultural expenditures per 10a between organic and conventional
cultivation by bed soil substrates.

(Unit : Won, A mechanism of four years)

- Conventional Organic
Details cultivation(a) cultivation(b) (b/a)
Seeds costs 497,659 1,218,564
Mineral fertilizers
costs 117,818 0
Organic fertilizers 493.015 9240.000 05
costs ’ ’ :
Pesticide costs 411,771 0
Photothermal energy costs 170,116 17,000 0.1
Repairs and maintenance 7,051 7,051
Material costs 1,250,568 13,200,000 10
Agricul-
Peasants options 6,904 6,904
tural
expend- Big farm expense 715,183 0
itures Amortization of agricultural facilities 51,758 3,780,000 74
Repairs 43,856 43,856
Other Charges 24,628 24,628
Farm Facilities Rental 33,771 33,771
Land lease 818,603 0
Foster agricultural
Costs 54,874 0
Employment effort costs 1,141,784 1,141,784
Total 5,769,359 19,713,558 3.3
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Table 32. Numbers in each cell indicate income sensitivity in won determined by yield and

price.
(Unit : A mechanism of four years)
Yield(kg/102)
Division

300 350 400 450 500 550

30 -10,713 -9,213 -7.713 -6,213 -4,713 -3,213

35 -9,213 -7,463 -5,713 | -3,963 -2,213 -463

40 -7,713 -5,713 | -3,713 -1,713 286 2,286

45 -6,213 -3,963 -1,713 536 2,786 5,036

50 -4,713 -2,213 286 2,786 5,286 7,786

55 -3,213 -463 2,286 5,036 7,786 10,536

Price 60 -1,713 1,286 4,286 7.286 10,286 13,286

(1,000

Won/kg) 65 -213 3,036 6,286 9,536 12,786 16,036
70 1,286 4,786 8,286 11,786 15,286 18,786

75 2,786 6,536 10,286 14,036 17,786 21,536

80 5,786 10,036 14,286 18,536 22,786 27,036

85 7,286 11,786 16,286 20,786 25,286 29,786

90 8,786 13,536 18,286 23,036 27,786 32,536
100 10,286 15,286 20,286 25,286 30,286 35,286
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