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Development of light weight porous minerals and field
growth facility for young ginseng root production
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SUMMARY
(BELFE)

Chapter 1 Title

Development of light weight porous minerals and field growth facility for young
ginseng root production

Chapter 2 Objectives and Importance

To increase of the competition capability is to increase the quality of the young
ginseng roots which can be transplanted to the ginseng filed which requires
pre-treatment to protect indegenous disease and nutrient deficiency. By
considering these problems occuring in growth of ginseng root, we tried to
investigated the many minerals which are using and used before to developed the
light weight porous minerals and field growth facility for young ginseng root
production

Chapter 3 Contents and scope

To do achieve the goal mentioned above, we investigated the follwing categories.

@ Sclection of media to develop the light weight porous minerals which by
investigating physical and chemical properties of natural minerals, their water

holding capacity, and available water

@ Determination of mixing conditions among the selected natural minerals to
formulated the he light weight porous minerals with various amount of vaporizor
under different temperature with pressure. On the other hand initial water content

were adjusted with mixing conditions.

@ Investigation of germination and growth of the young ginseng roots according
to growth media conditions based on the mixing ratios among the selected

materials as investigated above.



@® Find the best management practice to utilize the he light weight porous

minerals and others amended.

Chapter 4. Results and proposal for practical use

@ Selection of media to develop the light weight porous minerals
To improve the water holding capacity for mixed mineral, it needs to select the
smaller particles while the amount should be increased but not exceed 50 % for

the selected smallest particle size.

@® To develop the proper the light weight porous minerals, it required the at 800
C temperature and slightly increased pressure just above atmospheric pressure.
But we found that the development of potential internal pore was influenced by
the amount of vaporizer added as Alumina powder. Also the surface changes in
addition to the internal pore may influenced water holding capacity. For example
the amount of water was increased with low formulation temperature. It could

can be attributed by decreasing surface charges.

@® The mixing ratios of germination and growth of the young ginseng roots
showed that the water holding capacity was increased with increasing amount of
smaller particles less than 1 mm. And the results of the capillary rise from the
various mixture showed that the water content decreased with increasing depth
from the top of the column, which was similar to the proper water distribution
recommended for the ginseng growth. Therefore, it can be desirable to utilize the

bottom irrigation method to grow the young ginseng root.

@® Finally, it can be concluded that the growth media, by properly mixed
materials, could be shortened the growth period as well as quality of the
young ginseng root. However, there were not enough to time to finalize the
methods of formulatiom, selection of the proper materials to be mixed, as well
as to convince the best management methods to grow the young ginseng root.

It needs further investigation to be practically used in ginseng field.
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Figure 2. Photos showing the process of cultivating and planting the ginseng root crop

at the fields
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Fig 3. Photos showing the present status of establishing the cultivating plot of
the ginseng root crop at the fields
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&= 3} Perlite, Vermiculite, Zeolite, Bentonite,
Talc (MgsSisO10(0OH)), W& o]

TA 218 Table 13 2t}

o

L Jb
%

Table 1. Chemical properties of clay minerals and materials which can be used
for developing the multifuctional media.

) EC CEC

Sample Chemical Components pH (ds/m) | (cmol. kg )
Perlite Si, Al, K, Na, Fe, Ca, Mg, O ... 7.66| 0.38 1.65
Vermiculite| (Mg,Ca K FeIl )3(Si, Al Felll)4010(OH)2:04H:0 751 0.21 37.2

Analcime(Na Al - SixOg - H:O-Si0» 54.5%,
Zeolite AlOs 23.2%, NaO 14.1%, HO 8.2%)
Clinoptilolite((Nay, Ko, Ca)O, Al:Os - 10Si0; + 7THO)
Mordenite ((Nag,Kz,Ca)O, A1203 : 9Si02 . 6H20)
Bentonite | (Na, Ca)x(Ai,Mg)s(Si4O10)3(OH) 1o + 6H20 9.20| 1.78 53.2

6.52| 0.59 85.1

Mg;3Sis010(OH),
Tale MgO : SiO» : H,O = 31.9% : 63.3% : 4.8% 9141 0.39 045
‘H,0 5.83] 0.01 -
W AFEY AY Vs 2 AES 7lE A

e EYS Axst7] f1ste] Table 1o AAE LS EFT 5 Fig. 49 &
A5 ol &3ste] 4EgH 2Ae &k Table 49 2t

Table 2. Uses of materials used in this experiment

Sample Uses
Perlite Utilization of layered structure for moisture holding capacity

Vermiculite | Utilization of high cation exchange capacity

Zeolite Utilization of high cation exchange capacity
Bentonite Utilization of high cation exchange capacity
Talc Utilization of high pH to correct the condition of soil

Stone Power | Addition of basal bulk increase

A olg3 AAE ZAARAPs syl flste] oY, Fk
Pressure Chamber®} Hot thermal furnaceE AlM&3te] A8 s}
7]1E9] 1000Ce] 3|82 E o] &A] FiREFHI CEC7F StobA]=
s, 12 12949 autoclave (187C-12bar)E o] &3le] FERFEH % CECE B

_15_




Figure 4. Pictures of Hot Presure Chamber and Hot thermal furnace.
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Table 3. Typical materials and their mixing conditions for developing the
artificially crystallized materials for ginseng culture.

Materials Perlite |Vermiculite| Zeolite | Bentonite Talc Ség;le? Others
Perlite ) © ) © © ©
Vermiculite © @) ©) © © ©
Zeolite @) O ©) ©) ©) ©)
Bentonite ©) O @) ©) ©) ©)
Talc ©) ©) ©) ©) © ©
Stone Power ©) ©) @) @) ©) ©

Others © ) ©) ©) ©) O

© Mixing but mixing ratios were varies with the materials selected
Temperature treated were 500 and 800 C, respectively

BH“”\] Ao Fojule] wE e R -’F%”ﬂEZﬂ(Smﬂ)@r A s REY
o] Yol uwt 3 Dry ovenoll A 60C - 6A17F 13 A3 3 13 FAEZ 3|32
A1 5009 800C = 242k AAIZE &t 224 st At & ATESF it
2 Perlite : Zeolite : Na-Bentonite ¢ H3]H|E 4 @ 4 @ 2 & Hjgste] o 105C
ovenol] °F SAIZFESE 14 7FE § 800TC 3] sf=olAl 2A7kel Y 7hEste] A a3l
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Table 4. Example of mixing materials and their mixing ratios used for
producing the artificially crystallized aggregate.

. Stone Bonding .
Sample| Silicate Powder CaO Agent Lime Bubbler
A 50~60% 0 15% 20~30% 2~5% 10.05~0.1%
B 0 52.67% |24.19% 18.14% 5.0% 0.05~0.1%
(2) Additive &, 43213 48 FEiE JATEY 3= 24 732 9 Fg4 54

Photo of ESEM S-2350

Table 5. Mesh size of sieve depending on the US ASTM standard

Mesh No | Mesh Size (¢m) | Mesh No. | Mesh Size (um)
10 2000 200 75
25 710 325 45
50 300 400 38
100 150 500 25

_17_
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29 4 =71 4H 2 GE e}
AzE 245 EUEH7] (Hamilton soil grinder)E ©]&3te] 43 A|l5=

m, 2~3.35mm size® @] slo] FA}sFS T

M
bl
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—_
8
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o
QL
—_
{
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Figure 5. ESEM (Electronic scanning electron microscope)
photograph showing artificial minerals (left) and crushed
mineral grain (right).

(4) FELF 334 54 - pH, EC, CEC
1 mm ©]3, 1~2 mm, 2~3.35 mm =272 £33 A8 thsle] pH, EC,
CEC, &R FY 55 AT pHe ECE b5g A28 50ml A4 Z8 2= ¥
3 25ml SFS 92 v 308 w9 TS oE 1A% A o pH (Accumet
250)/Electrical Conductivity Meter® =43}t CECx 7 sample 2ge°l
IN-NH4OAc 50mlE 250ml 4#Z4Ze=F0 92 oS 2413 59 TEWA] &3
g EFd 7|27 VA EEE Al 80% ethanol® columnd] Holle 7Y
9] NH,OAc ©°]<A7A, t}& 500ml Kheldal flask %713, MgO % 5g + &7
300ml, S5, 250ml flaskell 4% Boric acid 50 ml ¥ SF#o] Ad, F7]o =
Aol 200ml W FHE TR ths EFAAY 10E7 bromocresol green 2

== 7F F, 0.IN-H:S0, 2 HAstuA AFsodnh

ojf

=
=4
el

82 Al8E 500ml beakeroll ¥ FHFITZ 3Y F<t FE3] XA

HEF| =xA7] & Pressure chambere] ¥ 0.1, 0.3bare] = 3s)
oA 48A17F Ft AAF T FAE FSAHI F T AEE X7 105TolA 48
TFEEFSE ZASEAT olof sYd wHo=E

(5 bar A ZZte] 2% mgAL PoANE 2AsAT
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FEEE = 27be) qreel R aolAe FEARTA-AZ F A RT

Table 6. Typical materials and their mixing conditions for developing the artificially
crystallized materials for ginseng culture.

M?;Z:jn) - Z;’ilf Perlite| Vermiculite | Zeolite | Bentonite | Talc | 50 Olvrli:::
0wl o | o o o o |o| o] o
1 |20 o] o o o o |o| o] o
0] o | o o o o |o| o] o
0|l o | o o o o |o| o] o
MFM| 12 20| © | © o o o |o| o] o
0| o | o o o o |o| o] o
0|l o | o o o o |oe| o] o
235 20| © | © o o o |o| o] o
0] o | o o o o |o| o] o

© Mixing but mixing ratios were varies with the materials selected

6)2=A =3 ZAH s
EGTREA BAHR FENSS 2AE7] 9dte] A 5 cm olag A &3
23145 2dsto] 30 cm =ol2 X% F A7 40 em, =] 5 ecm8l AFH A9
S 4 om A g BAS FEFSE 2AEAT

Figure 6. Apparatus to measure capillary rise using acryl column
packed with different mixtures of minerals.

aga olmd A FX 4 AAFEL wPH = FIE 7]F3F9] vermiculite



9] H9$0375~20mn, ¢2.0~1.0mme} 21.0mm ©)3}E 11, 25:1.5:1, 3:1:1, 45:451, 541,
6318 27 £ O EPUSUE ZAT A5 Eol9 oy £EUIL 2
.

v B4 AdAuE ATESTS e Jle g

MEE ATEY 249 &4 244 A4FAY Yol 54 % HANFEAHE =24
St
1) s dol5Ay

W) @A AL AFHE 7)Es QAFTALLGEYE 2ASY. #EF

Ze FA AN AFE 1dar FAZ FAEY FAZ2 fFHAA FA
1547 200g9] BlZAL $34A S0%E &9 253 ALE-E AT

Bgol ALEE S ¥ 5em, A7 5 cm9 o}2AYEF] 4o EFHZ A
YT 2AE ¢HYE 118 g/ow WA 132 g/en2 FAF & EHOZ g Wise &
AN F AF MY A4FA 39S AEHLZE T o 2u] Hold #Fd 4K
EAE A5 (5 C, 6% 68 %A =AEH .

Figure 8. Acryl germination Pot

Figure 7. Growth Chamber

A Aupgel A B B&54E A7l A% Fig. 99 2& 93 E9&
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Figure 9. Picture of a picture pot (From left to right Botton, Top. Profile)

Ee2gLr)e &9 upehd g BEd F 40 meshe FALE AHGF F o7l 7t
ANA Az AFELH Perlite, 7718, 4 X% (Ground top sail), Vermiculite,
Zeolite, & YAuZ EFYstd Fig.l0~133% o] A Aujdatd FAF ¥
B Z3

Figure 12. MFM + bentonite + Others Figure 13. MFM + Top soil + Others
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Figure 15. Front view of ginseng

Figure 14. Front view of ginseng
culture system

culture system
AR Au gl A e AuMAAEL Fig. 166149 o] SeHA2EAudr]E @4

Aol AAHD WAL BFUE GEAA ZARSEF o £2E FFeAAL

Sunlight screen

Irrigation hose

Figure 16. Details of ginseng culture system including irrigation

2) BX Au] §7 @Y Zle MY
129 1597 #FE ¢ F AFRLE, #FE0 59 =223 5 AE
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Figure 17. Lux meter to measure light Figure 18. Investigation of culture
strength media temperature,

2 BA 4% R AR 54 =4
128 %% % oW 495 4S4YEE AW WAAN BolE ARE A
Aot 24, AN B ABFL FAET ARY A= Bis YRS 2AEC
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Figure 19. Young ginseng root Figure 20. Measurement of young
sampled at month 16. ginseng root
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Figure 22. The structure of VPI-5

Figure 21. A plan view of VPI-5

Fig. 21, 229} #o] 7]¥ octtaheral

o Fa

7} tetrahedral 7% A AFFo|t}.
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Figure 23. An example of the a Figure 24 The structures of the zeolites
mesoporous material 7SM5 (left) and mordenite (right).
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Figure 25. The plan views of synthetically crystallized minerals

7| Q. 2tol E(Zeolite)B=s  o]&3 dAgst AA U (Hydrothermal Crystal
Growth)2 single-step self-organized, self-regulated I}l Al &= AlOQ; and
SiO4 tetrahedral ¥#t7} 32k =4 (3D)S ol&th oo o] 3xd4d F=& 7ix
AR =S TEAT)7] A8 E SiAl =& Si-Si, Al-A1] Abst A e E 7HA
oF & Aoz dutdt]

=

rO

Toll AAE F=S Si-0 712 2R TAEC e Table 7oA Bl
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Figure 26. Diagram of potential energy depending on internuclear distance.

ol aAE=e Evdtety Swel o]zt AeY (Table 7)ol 7% &4
FEe] A dEvel vkt Aste] wE gy WIE PR d4NsE Vs
sttt

Table 7. Internuclear bonding energy

Iom|Br |C|CIl|F|{H|I|N[O|P|S|Si
193[285(219(249(366 | 178 | . |234]264| 218|325
2851348 {339 | 489 [ 413 | 218 | 305 | 358 | 264 | 272 | 285
219 (339|242 | 2531431 [ 211 | 192 | 208 | 322 | 271 | 397
249 [ 489 | 253 | 159 | 567 | 280 | 278 | 193 | 503 | 327 | 586
366 | 413 | 431 | 567|436 | 298 | 391 | 463 | 322 | 367 | 318
1781218 | 211|280 (298 | 151 | . |234(184|234
. 13051192 (2781391| . |163(201| . .
2341358 | 208 | 193 (463 [ 234 | 201 | 146 | 335 | 451
2641264322503 (322|184 . (33172 . .
218 272|271 | 3271367 | . . . . 12551293
325 (285|397 | 5861318 (234 . [451| . |293|176

L wig|lo|Z|— == Qo
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Table 8. Growth of young ginseng root and soil moisture content
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Figure 29. Soil moisture curve vs. matric potential for soil
textures.

a9y i BAANMIREAA AAste FEEHS AREW beme 35-45%, 10cms

2] 15cmell = 55-60% 9]

Table 9. Pore size classification (after Brewer, 1964)

Class Subclass | Class limits (um) Capﬂig Rise
Coarse > 5000 00.75-0.3
Macropore Meqium 2000-5000 1.5-0.75
Fine 1000-2000 2.0-15
Very Fine 75-1000 5-2
Mesopore 30-75 30-5
Micropore 5-30 150-30
Unltrmicropore 1-5 1500-150
Cryptopores <0.1 1500
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Tetrahedral
Sheet

Octahedral
Sheet

Inter!gyer —m= Exchangeable Cations + Water
Position

Figure 30. Crystalline structure of bentonite
FESA SHNA 38242 NagsCao1AlisMgosSiaOi(OH)s - 4(H0) 24 -7 8}
tetrahedralo| A= A3l octahedral®] unit celld ¢F -0.33 AX=9] S35 W53}

1 gom 727 AakE o 92 ecmolo kg ' oAtk (Table 10).

rr

Table 10. Chemical compositions and

charge characteristi®! & =%  of
representative montmorillonite

[¢]

Charge per Structural
half unit cell chanrge
Mineral Chemical Formula
Tetrahedral |Octahedral| cmol-/kg
Montmorillonite | Nag2Cag 1Al sMgo5514010(OH): - 4H20) 0 -0.33 92
SE RS ol gatel A F 025 mm AF EAd AAS gHew 3

o] ESEMe & ZATx EA4S = 2
Fom wWhH PR E= Mass 7XE FAE Y =4
wal xjol= Hol:= Ao T ALY
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Figure 31. Picture of a crushed montmorillonite passed through 0.25 mm
sieve (ESEM x 100,000)

s

Aol AbRE FE9 o]3keE 54 (Table 9, 10, 11, 12) ts3 2t
Perlite= @Al AF2AZ FAA, JE So AlEHI Y 242 FERSHo)
=2 Aoz d4#A Ut}

Table 11. Typical physical properties and element analysis of perlite

Elemen p
Sieli(:(e)nt ngg Color White
Aluminum 72| Refractive Index 15
Potassium 35| Free Moisture, Maximum 0.5%
Sodium 34| pH (of water slurry) 6.5 - 80
Iron 0.6] Specific Gravity 22 - 24
Calcium 0.6] Bulk Density 32-400 kg/m’
Magnesium 0.2] Mesh Size Available 4-8 mesh and finer
Trace 0.2] Softening Point 871-1093
Oxygen 475 Fusion Point 1260-1343
Net Total 97.0| Specific Heat 387 J/kg
Bound Water 3.0 Thermal Conductivity 0.27-041 at 24 C

Soluhility:Soluble in hot concentrated alkali; HF Moderately soluble (<10%) in 1IN NaOH
Slightly soluble (<3%) in mineral acids (IN); Very slightly soluble (<1%) in water(weak acids)

Vermiculite®] ©]3}stE4 (Table 12)S A3 H ™
Hl LAl Feol Mgo] &hafo] =of FEWP 4225 += o

28 H = dyA SdeA Aol =t

o
ot

& 2:1 3592 Perlite®}

Aol g3 Aol

rlo

s

A gk
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Table 12 Typical physical properties and element analysis of vermiculite

Element| % by Weight | Color: Light to dark brown
Si0, 38-46 Shape: granule
AL,O; 10-16 Bulk density (a): 64-160 kg/cu m °
MgO 16-35 Moisture loss 4-10%
CaO 1-5 MOH Hardness: 1-2
K20 1-6 Sintering temperature: 1150-1250
Fe O3 6-13 Fusion point: 1200-1320
TiO, 1-3 Cation exchange capacity 50-150 me/100g
H>0 8-16 Specific heat: 0.84-1.08 kJ/kgK
Other 02-1.2 Waterholding capacity (a): | 220-325% by wt

Talc(Mg3Si,010(0H)2) = Mgt Si7t 5 o]F a1 9121} OH Functional group®ll
ogt xH st Mo 7|Ad Ao g FHHUT (Table 13).
Table 13. Typical physical properties and elemental analysis of talc

Chemical Formula Mg3Si4010(OH)2
Molecular Weight = 379.27 gm

Mg 1923 %6 Mg 31.88 % MgO
Composition Si 29.62 % Si 63.37 % SiO
H 053 % H 475 % H20
O 5062 % O

kH 1] &(Stone Powder) JAFAAMA] WHAStE A AV EZ JEZA A3
42 F Jds ¥ o}

FeA T A E9 K, Ca, Mg 5o Z83 IRz A}
B

gt mAFFEA Fo JeS 3= TiO.0] Ut} (Table 14).

Table 14. Typical physical properties and elemental analysis of stone powder

COmDOSitiOH Nazo Kzo CaO MgO FeZO;; Alzo:g Ti02 SiOQ ZTOQ Ig.loss
Content(%) 403 | 1.87 | 694 | 4.17 7.42 17.2 0.88 46.3 0.02 8.14

Soluble Cation (cmol/kg) Exchangeable Cation (cmol/kg)
K Ca Mg Na K Ca Mg Na
0.38 0.18 0.39 0.30 0.69 10.71 3.23 0.51

o4z} o] B Agol ALEE BEE HUE ol kel BT ¥ WA
1

H2 (Fig. 32) ASTM AE o]l &3l 8 ¢ Z7te] dAd olgs 54 & A4S




Perlite Vermiculite Zeolite

Figure 32. Examples of minerals used in developing the multi-functional media.
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Figure 33. Pictures taken by ESEM for the minerals particles passed through

Vermiculite(X5000) Zeolite (X5000)

0.25 mm sieve.
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Figure 34. Relationship between soil water film
thickness and moisture tension.
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Figure 35. Crystalline structure of Ca-bentonite
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Figure 36. Scanning electron micrographs of dry bentonite and swelling after
activated bentonite.

o F T
[ o = o,
T g

Figure 37. Scanning electron micrographs of dry bentonite and swelling after
activated bentonite.

Figure 38. Scanning electron micrographs of dry bentonite and swelling after
activated bentonite.
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Table 15. Chemical compositions of minerals used in this experiment

Perlite | Vermiculite | Bentonite | Talc
Elements
wt %
@) 475 35.62 42.22 50.62
Si 33.8 18.23 27.23 29.62
Al 7.2 6.35 7.55
Fe 0.6 5.60 3.45
Ca 0.6 15.72 1.48
Na 34 1.67
K 35 291 1
Mg 0.2 13.27 2.18 19.23
Ti 1.20 0.22
H 0.11 0.53
P 0.08
S 0.14
other 3.2 1 12.79
Total 100 100 100 100

EGAAAZ AgEE Ao e Sen S4& 2 A3 pHSH BC:

A 767 WAAL BCE BE 024S/mE AT, gy BA7t Bue o
ARAAA AL 2AZ AH4A dF DHel P Fr 89S 2AHA Y
Telw 584 Felee L 2AE AT Naol g wgka K, Mg”, Ca’'el
To 2 FALE Y HH(Table 16).

Table 16. Chemical properties of perlite separated into three different particle sizes

Size pH EC CEC Soluble cation(mg/kg)

(mm) (1:5) | (dS/m) |(cmole/kg)| Mg Na" Ca’ K’
0.00-1.70 741 0.23 51.6 1.60 7.00 0.58 1.67
1.70-3.35 7.79 0.17 50.4 0.71 450 0.31 0.90
3.35-4.75 7.82 0.20 41.2 0.60 5.40 0.36 1.20

A ool Ee] 7
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Table 17. General characteristi®l-& % % and water holding capacities

pH EC CEC Water content (wt % bar ')
Sample . = 1
(1:5) [(dS m)|(cmol. kg )| 0.3 1.0 3.0 5.0 10.0
Perlite 7.65 0.38 1.60 - - - - -
Vermuculite | 7.51 0.22 37.2 - - - - -
Zeolite 6.52 0.59 85.1 38.20 | 24.84 | 22.93 | 20.73 | 19.49
Bentonite 9.20 1.78 53.2 422.86 | 316.12 | 272.99 | 256.78 | 243.12
Talc 9.14 0.39 0.45 57.86 | 45.69 | 45.46 | 43.67 | 39.94
Clay loam | 4.76 0.16 - 54.06 | 4742 | 43.77 | 42.26 | 38.90
Stone Powder| 9.10 0.75 55 26.02 | 6.02 | 4443 | 212 1.63

BFEAAAA AiE = AedtolEE AER FEste] oFEd S AL
o] ©
AT

g Ax AFHE A EIT Fol A gHEFell 2ol 7t

Table 18. Chemical properties of different particle sizes regarding to zeolite.

CEC(cmol(+)/kg)

Sample oH (dE;j | Particle size(mm)
STV <095 1025~05| 05~1 1~2 | 2~3.35
A 87 | 1553 | 02010 | 01997 | 0.1998 | 0.1974 | 0.1993
B 84 0925 | 04943 | 04857 | 04822 | 04931 | 04898
C 75 | 0689 | 04841 | 04983 | 04904 | 04988 | 04955

I} (Table 19) H

4
MES A3E AT JTEYS

Table 19. Chemical properties of stone powder and kaolinite

Sample pH EC(dS/m) CEC(cmol(+)/kg)
Stone powder 9.10 0.0746 55

Kaolinite 6.091 0.266 8.25(+0.25)
aelal 7hzbe] BES 20 CHE 800 C7HA 59AR £xE wElsle A st
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5 Z}zhe]l #Eo pHE FAE 23 A= Table 203 2t} (¥ Bentonite 25T,

100C, 250C+E= 1:110 o2 54, 4 &% 2477C)

Table 20. pH of individual minerals measured with different temperature treated

Samples - - DIO_I - - |
25C 100C 250°C 500C 800
Bentonite 9.2 9.364 9.286 8.642 9.111
Vermiculite 751 8.089 7.620 7.810 9.687
Talc 9.14 9.442 9.169 10.384 11.715
Ziolite 6.52 7132 6.663 7.346 8.567
Perlite 7.65 9.153 7.794 8.320 9.880
Stone Powder 9.10 9.095 8.655 7.891 11.924

T Bentonite 25C, 100C, 250C& 1:10 22 4 |

ada Zh2e] 3ES 20 CTHE 800 T7HA s53AZ 28 dEste] A s

ZALsE A8 Az= Table 213 2t

Table 21. EC of individual minerals measured with different temperatures treated

EC (ds/m) |

25C 100C 250°C 500C 800C

Bentonite 1.775 9.08 9.65 17.39 2.375
Vermiculite 0.214 0.312 0.262 0.224 0.6305
Talc 0.3935 0.4525 0.506 2.025 6.655
Ziolite 0.597 0.636 0.6325 0.1145 0.573
Perlite 0.38 0.4415 0.288 0.2145 0.4035

Stone Powder 0.373 0.438 0.8795 3.82 3.1

g3 Zbze) BES 20 CHE 800 T7HA suAlZ &5E gy ste] A s
% Z4ztol BE ] CECE ZAME 238 ZAxbi= Table 229 #t}.

_43_



Table 22 of individual minerals measured with different temperature treated

25T 100C 250C 500C 800C
Samples CEC CEC . CEC CEC CEC

(cmol/kg) | (cmol/kg) S (cmol/kg) St (cmol/kg) Stdb (cmol/kg) StdD
Vermiculite | 37.2 335 9.6 33.25 | 0.25 55 0.24 2 0.24
Perlite 1.6 2 0 1.16 | 0.62 1.5 2.16 1.5 0.24
Ziolite 35.1 5575 | 1.87 | 4825 | 3.25 43 2.05 7 041

Bentonite 53.2 51 259 | 55.25 [ 0.62 55 0.24 25 0

Stone Powder| 5.5 55 0.47 525 |[0.62 6 0.47

Talc 0.45 1 0 15 1.17 05 0 15 0.24

L

2 wjgals H
Aol we deTis AAFste FEE VEA, de T4 a2AE wnt ¥
Dry ovenoll Al 12} ¥A&til furnace® ol&3te] 2xF A& AAlstdtt. 471 &4
oM 12+ FEe] &9
sto] At wieknle& Agst

B ate] A&t

Zbsetdlon 2EREE AR o

o @ QYN ex mdel e JFEFE ARl 7o el SR
#8248 A3 44 EH FRe) g st Aow xAHA. wet
AR AT} BRE st A% O34 &4 A0 SNt SHLER ot 2
e FEaty] Aol exzd

U
rot
=
ez
>
o

[o
11t
>
ol
ol
38R

oo
i)
[
2
o
(i
o
ot
i
N
™
o
i
o
o)
S
o
kS
ot

oN B>zt
N
E

BB Aol MABHL T, 14 58, 10802 Reldel EHEEE 2Ll

o wa FP=Ue A48t (Table 23).
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Table 23.

Index of Multi-functional minerals

No. A B C D E F G H I J K M N
1 | 532¢g 33g | 585g | 11g | 33.5g 172.7g | 92.82g | 77.35g | 0.45g 5 800
2 | 532¢g 33g | 585g | 11g | 33.5g 172.7g | 92.82g | 77.35g | 0.45g 800
3 | 53.2¢g 33g | b85g | 1llg | 33.5g 1727g | 92.82g | 77.35g | 0.6g 5 800
4 | 53.2g 33g | 58.5g 11g 33.5g 86.35g 0.6g 5 600
5 106.5g 244g 0.75g | 1.125g | 5 200
6 106.5g 244¢g 0.75g | 1.125g | 5 200
7 106.5g 244g 1.0g 1.5g 5 200
8 106.5g 244g 1.0g 1.5¢ 5 200
9 106.5g 244¢g 1.0g 1.5g 200
10 106.5g 244g 1.0g 1.5g 200
11 | 532g | 53.2g 33g | b85g | 1llg | 33.5g 2.0g 3.0g 350
12 | 53.2g 53.2g 33g | 58.5g 11g 33.5g 1.9¢g 2.85g 350
13 | 532g | 532¢g 33g | 585g | 11g | 33.5g 1.8¢ 2.7g 350
14 | 532g | 532¢g 33g | 585g | 11g | 33.5g 1.7¢ | 2.55¢g 350
15 | 53.2g 53.2g 33g | 58.5g 11g 33.5g 1.6g 2.4g 350
16 | 532g | 53.2g 33g | b85g | 1llg | 33.5g 1.5g | 2.25¢ 350
17 | 532g | 532¢g 33g | 585g | 11g | 33.5g 14g 2.1g 350
18 | 532g | 532¢g 33g | 585g | 11g | 33.5g 1.3g | 1.95g 350
19 | 30.5¢ | 30.5g [165g| 585g | 1llg | 33.5g 0.65g | 0.975g 300
20 | 30.5g 30.5g |[16.5g| 58.5g 11g 33.5g 0.65g | 0.975g 300
21 | 30.5g | 30.5g [16.5g| 585g | 1lg | 33.5¢g 0.5g | 0.75g 300
22 | 266g | 764g |[165g| 585g | 1llg | 33.5¢g 1.25g | 1.725g 400
23 | 26.6g 76.4g |16.5g| 58.5g 11g 33.5g 0.6g 0.9g 350
24 | 266g | 764g |165g| 585g | 1lg | 33.5¢g 0.6g 0.9g 350
25 | b3.2g | 53.2g |[165g| 585g | 1llg | 33.5¢g 1.25g | 1.725g 400
26 106.5g [16.5g| 58.5g | 1lg | 33.5¢g 0.6g 0.9g 250
27 106.5g |[16.5g| 585g | 1lg | 33.5g 1.25g | 1.725g 250
28 106.5g |16.5g | 58.5g 11g 33.5g 0.15g | 0.225g 200
29 106.5g [16.5g| 58.5g | 1lg | 33.5¢g 0.24g | 0.36g 200

30 106.5g |[16.5g| 58.5g | 1llg | 33.5¢g 0.28g | 0.42g 200

31 106.5g |16.5g | 58.5g 11g 33.5g 0.35g | 0.525g 200

32 106.5g |[16.5g| 585g | 1lg | 33.5g 0.45g | 0.625g 200

Remark : Units of Water and vaporizor are ml
A B C D E F G
Bentonite Kaolinite Vermiculite Zeolite Perlite Talc Stone Powder
H I J K L M N
SiOs Cemente CaO Al powder Ca(OH)2 Vaporizor H0
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Figure 42, Figure 43. Figure 44,

Figure 45, Figure 46. ‘Figure 47.

Figure 51, Figure 52. Figure 53.
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Figure 54, Figure 55. Figure 56.

Figure 57. Figure 58.

Figure 59. Figure 60. Figure 61.

Figure 62. Figure 63. Figure 64.
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Figure 65. Figure 66. Figure 67.

Figure 68, Figure 69. Figure 70,

Figure 71. Figure 72. Figure 73,

Table 24 Table 239 Zd| wgl A AFEYS U3 L oldle FIEAE =
ARG F FFo] S go] ey EF=AL AT dy=zdol)

Table 24. Selected mixing conditions of the multi-functional culture

minerals
Vermiculit . ) . .
Sample o Perlite | Zeolite | Talc |Bentonite | Vaporizor H20
1 33g 22g 117g 67 71g 0 350mL
4 33g 22g 117g 67g 71g 30m¢ 230mt
6 33g 22g 117g 67g 106.5¢ 30me 570mé
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Figure 74. 2.8mm(x5000) Figure 75. > 2.8mm(x500) Figure 76. > 2.8mm(x500)
grid 72 2um grid 744 20im grid 7+ 20im

. B di
- __E_;l" £t
1 F R
i _._""'_-'- L L
- 7
SN A L F. L & -
] Y s gk Al
& =15 L J
.-! i l‘. L Y i f
% = o
If' . a4 i

Figure 77. ) 28mm(x500) Figure 78. ) 2.8mm(x60) Figure 79. 2.872.0mm
grid 7+4 20pm grid 7+4 16.7um (x5000) grid 7+4 2m

¥ g b
15 w. [y
o lf et S b
bk =W
Figure &0. 2.872.0mm Figure 81. 2.872.0mm Figure 82. 2.070.5mm
(x1000) grid 7+4 10gm (x500) grid 72 20um (x5000) grid 7+4 2m
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Figure 83. 2.070.5mm
(x1000) grid 7+4 10im

Figure 86. 0.570.25mm
(x1000) grid 4 10gm

L T il )
.‘_
o
. -
.-.. -
i %‘:.p‘ H:*
ARy
J Hal| -

Figure 84. 2.070.5mm
(x500) grid 7+4 20um

1T IR
AL ABE 171w

Figure 8. 0570.25mm
(x5000) grid 7+3 2m

¥,
LRLH

Figure 87. 0.570.25mm
(x500) grid ¥4 20¢m

Figure 83, ) 2.8mm(x5000)
grid 74 2ym

Figure 89. ) 2.8mm(x1000)
grid 744 10gm
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Figure  90.
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Figure 91.

Figure 94. 2.8~2.0mm
(x500) grid 74 20um

> 2.8mm(x60)
grid 7+4 16.7um

Figure 92. 2.8~2.0mm
(x5000) grid 7+4 2um

o

“+

Figure 9%. 2.0~0.5mm
(x5000) grid 74 2um

S RS

AN
BT TR

Figure 97. 20~05mm
(x500) grid 7+4 20um

Figure 98. 0.5~0.25mm
(x5000) grid 7+4 2um
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Figure 93. 2.8~2.0mm
(x1000) grid 7+4 10um

i
]

Figure 96. 2.0~0.5mm
(x1000) grid 7+4 10um

1r'. WA L
'ﬂ{ﬁ% I

Figure 99. 0.5~0.25mm
(x1000) grid 7+4 10um
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Figure 100. 05~0.25mm Figure 101. 0.25~0.125mm Figure 102. 05~0.125mm
(x500) grid 7+4 20um (x5000) grid Z+4 2im (x1000) grid Z+4 10gm

Figure 103. 2.0~05mm Figure 104. 2.0~0.5mm Figure 105. 2.0~0.5mm
(x5000) grid 7+2 2um (x1000) grid 7+2 10 (x500) grid 7+ 20um
e | R ¥ T e
g, _:'{1 el EE e
i . ;!'—T '$1l_' T ) i-'ll‘— "|T’
i o + .I b ". . "
i "y 3 Tl-.-.1 A e
' GO S - el ﬂ;e,rii'_";-'ﬂ” :
oy , TR IE A ] .I- L l.___ ..l e :__...
y : § L=y Rl LT
T
Figure 106. 0.5~0.25mm Figure 107. 05~0.25mm Figure 108. 0.5~0.25mm
(x5000) grid 7+2 2um (x1000) grid 7+ 1 (500)  grid 7+4 20pm
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Figure 109. <0.25mm Figure 110. <0.25mm
(x5000) grid 7+2 2um (x1000) grid 7+2 10im

M E%XE SEM
Bentonite

s

Figure 111. Bentonite Figure 112. Bentonite Figure 113. Bentonite
(x1000) grid?+410um (x5000) grid 7+4 2um (x10000) grid 7+41um
Perlite

Figure 114.  Perlite(x1000) Figure 115. Perlite
grid 744 : 10um (x5000)grid 7+4 © 2um
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Talc

Figure 116.  Talc(x1000) Figure 117.  Talc(x5000)
grid 74 @ 10um grid 74 @ 2um

Vermiculite

i
Figure 118. Vermiculite Figure 119. Vermiculite Figure 120. Vermiculite
(x500) grid 7H4:20um (x1000)grid 7+4:10pm (x5000) grid 7+4:2um
Zeolite
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Figure 121. Zeolite(x1000) Figure 122. Zeolite(x5000) Figure 123. Zeolite(x10000)
grid 7H4:10um grid 7+4 : 2um grid 7+ lum

Si0z

Figure 124. SiOx(x500) grid Figure 125.  SiO(x1000) Figure 126, Si02(x5000)
244 20pm grid 74 © 10um grid 7H4 © 2um
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A7 FAA 14 FES 2 2RoA Hy Al A 2A7F 7HAE pH,
EC, CEC9 ®¥3tgs & & gtk o2 500CoA AR 2.00~05mm =7] <]
A Aol pHE oF 761¢1H, 800Ce 49+ 9122 pHe oF 15 unit A% S7HE S
I 9k ECE 04314 025 ¢F 018 dS m!' A% #A2ES & 5 At waA 43
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AA A= 257} 500CoHA 800C=E =g wet 24 cmole kg oA 4 cmole
kg '® FA43 gadstel CECE 13 Q3RS Ax A 53] fdslor @ o
ek}

e 29 = Ws 2 SR naE AsE Eetel &4
W ogu e Ak 5o MG A Aol 2Ae 43¢ AR BFH

o
H =

o] Abg3lgTh B BES AE3 7] 93814 Bentonite (53.25g), Vermiculite (16.5g),
Zeolite (58.5g), Perlite (11g), Talc (33.5g), SiO, (172.7g), CaO 7(7.35g), Al powder
(0.45g), Cement (92.82g), 71%A] Gmd)ol HO 800mlE 7}ste] &&3sbe] ko
gol wyk § Dry ovenol Al 60TColA 6A1ZF St 14 GBS & F 142 G4
H EA1E AA AR FA g2 A 500C 2 800ToNA ZHzE 4417 FF 4314
of ZA ¢S stk AT ATEGHE FAT F A 7]

o] &3t 2.0~0.5m, 0.5 my ©]3t= E& st pH, EC, CECE ZAst tHTable26 ).

Table 26. Chemical properties of porous soil formulated by mixed minerals

Catenor 500°C 500°C 800°C 800°C
gory (2.0~0.5mm) (0.5mm ) (2.0~0.5mm) (0.5mm )

pH 761 762 9.12 931

EC(dS/m) 0.43 0.40 0.25 0.29
CEC(cmol+/kg) | 27.25(+256) | 24.00(x0.71) | 15.00(+2.83) 4.00(+0)

Table 260 A ¥ niel zto] G Lw=rl Z7hste] whel pHE =718l EC9
CECE #adte A4S Ho £3] 800C-05 mme] JATEYS 14 #F
b fAbE Gol ARG woln glo] oled SAL AW £AE A
2 =9 g dslel & Ao wekE
Aol @%%ZMVD]HT%E?h4€ﬂﬂﬂ 44 a9

S UE Hu 2 ZOIAE 53 Fe BdrRe #9ss

At EGFEe QAEAS wolE Aol wel F AR FG A%

X
fru
>
oo
et
o
o

0,
Mo
r g
ACh
N

=7t
& 28 e A A ol e mab of A A dFS
m) 2ok
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Figure 127. Changes in mass water content with time for the minerals at 20C
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Perlite 3.75—2.0mm
Perlite 2.0—1.0mm
Perlite 1.0mm >
Vermiculite 3.75—2.0mm
Vermiculite 2.0—1.0mm
Vermiculite 1.0mm >

CS 3.75—2.0mm

CS 2.0—1.0mm

CS 1.0mm >

Clay loam

om

0 75 29 515 725 80 1015 119 130 143 153 167 178 191 203 215
Time (hr)

Figure 128. Changes in mass water content with time for the minerals at 30C
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=
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Figure 129. Water contents for the minerals in given pressure.

Fig. 1272} Fig. 1282 Perlite, Vermiculite?} A FE S mjEE xady S=E3}
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AAZEX: B4 WHHE 3&-CE4 2l

Fig. 1277} Fig, 1282 Perlite, Vermiculite®} QA-FEY2] vjEY X4y $RF2S
NLZREE 45 PF7]ed 30Cs B A9 HEF7LY 20T 2R HIEFERE
82%° R0l FEFTLF U FEUFS vLF aYolt}h, 27)olE perlite®} vermiculite
o FESFLE ATEYETG Fou 3UA olF g AFEYY FRUFL 27z #4AM8)
A ZAEAT, 281 vermiculite® AlZto]l A4S TN 6] RLypTh 50| ZFaHo]
Zol wet Ru7t A4S HA & £ AU,
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0 day 3 day 6day | ot reiesrssoma 093
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Fig 130. Changes of Water contents for the porous minerals, perlite, and
vermiculite under matric potentials at 20°C for 9 days.
200

3da
O0day y Gday | Pedite 375—20mm 0 O
5- 0 Peddite 20—1.0mmn
= e “t- Pevlite 1.0mm >
% ':_::i’ 1 Vermiculite 3.75—2.0mm
A ¥ Vermiculite 2.0—1.0mm
Q\r ~# Vermiculite 1.0nwu>
od 4 CS3.75—2.0mm
E ¢ CS20—L0mm
. ’ 4 CS1.0mm>
o 100 -4 Qlay loam
o ==
-
B —
e
2 =
[~}
U
% e,
= ! ‘:; e%‘ﬁsﬁ‘
‘\0—_4 ¥ 1
o e S e e
s —1 T—l— %—
0 . : E : 5 : - : :
03bar tbar  3bar Qbar  fbar  3bar 03bar  lbar  3bar 03bar  bar  3bar
Pressure (bar)

Fig 131. Changes of Water contents for the porous minerals, perlite, a
vermiculite under matric potentials at 20C for 9 days.
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Table 277. Water contents with different Al powder measured at three
different pressures

Particle Pressure (bar, % w/w)
size(mm) Al Powder(g) 0.3 1 3

1.3g 4530571 44.00191 4254331
2.8mm o] A

2.0g 49.06277 51.05084 48.89946
2820 1.3g 49.37641 478126 41.03393
O eV 2.0g 117.6343 113.0495 70.97673

B 1.3g 4427822 39.06156 34.22507

2.0mmo] &}

2.0g 46.66129 41.81998 38.63886
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Figure 132. Types of porous minerals crushed and separated into respective

size
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ANFESS 9)A =AM pH, EC, 183 CECE A st A3 44717 pHS ECO
Hol= gldloy CECE 9740l T7Fgd wel S7kstes A &S Bt (Table.28).

Table 28. Chemical properties of porous minerals developed with 400 T
and 3 bars.

Mesh Size pH EC(dS/m) CEC(cmol+/kg)
2.8mm 1 10.450 0.218 13.0(£5.56)
2.8~2.0mm 10.452 0.206 9.75(+0.35)
2.0mn | 10.477 0.277 75(+0.5)

Macro pore

Fig 133. Pore structure identified by ESEM analysis for porous minerals
developed at 800 C and 2.0 g Al powder
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W ater holding capacity(% w / w)
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Dissolution rate normalized to initial surface area
Figure 134. Comparison between the dissolution rate

obtained by normalizing the rate to the final surface
area to that obtained using the initial surface area

Pressure(bar)

Figure 135. Water contents of porous minerals developed with 500 Cand
800C
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Figure 136. Experimental and calculated d-spacing

after long isothermal heating runs compared with

those calculated at infinite time, as a function of

temperature.
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—@— >28mm
O 2.0-2.8 mm
—¥— <20mm

% of porous minerals mixed

Figure 137 Saturated hydraulic conductivity regarding to
mixing ratios with clay loam and particle size.
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Figure 138. Saturated hydraulic conductivity for mixing

conditions
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Figure 139. Picture of greenhouse for voung ginseng culture.
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Figure 140, Pictures showing voung ginseng culture svstem in a greenhouse
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) BAg £EST 54
2 dF BES Wt B3 gAY gs 2AS ZAFH g3 FEASE Wl
Ao 2 fesli= oot B AYL 20~375 o, 1.0~20 mn, 282 1.0 mm °l3= ¥
2 AAE EFd ERY YA TSAV)E A4S A 1.0~20 mmet 1.0 mm A9 ¢
ZAHE 5065022 EFHA AT FTFF9 AAL 041 mmALes ol mAH s EHolE 366
cmZ EALEQow 20~375 mm, 1.0~20 mn, 28] 1.0 mmE LL1E& EFPA HTE T3
71 0.67 mme]®] oluie] &4 % Eole 224 mmelt}.

Table 29. Calculated mean pore size of the mixed materials

N.lixing' Ratio Mean Pore size Mean Capillary Vermiculite Perlite

20%;;;13.5522(?:.0 (mm) Rise(cm) BD* Porosity BD+* Porosity

1 0 091 1.65 042 075 013 0381

1 0 1 0.70 2.14 044 074 017 075

0 1 1 041 3.66 054 068 017 0.75

1 1 1 0.67 224 050 071 017 075

2 2 1 0.77 1.95 046 073 015 0.78

2.5 15 1 0.83 1.81 038 078 015 0.78

3 1 1 0.88 1.70 036 079 014 079

45 45 1 0.84 1.79 042 075 014 079

5 4 1 0.87 1.72 038 077 013 0380

6 3 1 0.93 1.61 038 078 013 0.80
2y AA ZARSEEde AEE @ 2 vdd 10 cm AZEARAE FFo) R ¥
g5l 120 of ol Eolz REEFY olst FrHECl wet FREEE B 4uz

A18dE ¢ F AN

5 %
20 b
~
£
£
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T
0 — . 10 —
0 10 2 0 4o SH ©® 0 1 W N N N @

W ater content (V/V %)

Figure 141. Capillary rises of the various mixtures among vermiculite.

wetA o]g} e RADFEAS FEEXIFAL B4 A AE FrRIZS
Aez 7]1&Y AZWE@RAEE BAAM AP S8 g PFygen 2
a2y EFLAY YZo] 20~3.75 mm oj49) A7t 60 % )N EFH AS uigwA

e
X
mo
4 =
so
£ £ 3

-63 -

2016/08/10 O9h4-w sy

NSEX B NHE S-S U2 QA Tl AlE L D= o 28 R/ s8 8

0H




B SEdsel Az gyAA gob BAAN Y FEIITS T & Ak

2

10

s
—— {
==t Cglumn(é)
~— Columna(T
~=— Columni§

40 S0 60 a 10 20 30 40 50 [1] 70

au

20

Height (cm)

20+ 20

15

meteee Calumu(ld)
e Caluma(l4)
= Column(l5)
—— Cplumn{l &)

—— Columuai{®)
—e— Columus{10)
— Columa(ll)

o bL—=—— elumn(1]]) . 0
0 10 20 30 40 50 60 ¢ 10 30

Water content (V/V %)

3o 40 50 (1]

Figure 142. Capillary rises of various mixing ratio for Vermiculite
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Figure 143. Changes in light intensity of the young
ginseng culture system
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Figure 144. Changes in temperature of the young ginseng
culture system

o ESRAE AaFA oty

¥ BAFA Fddgas R BA A @30 AP BEXE 23E AAE] Aste A
Hlo]HE o] §3te] WA P& & A ALgE EFAAY YHo) FadyR ala FE
BiEo] & EE FAA Bolge] £35S & F AUH

Figure 145. Mixed Media 2  Figure 146. Mixed media 13 Figure 147. Mixed media 26

aga YFEFLAE o] &3 AH4FA Bolo] HFF FESAHE =AY et X34
FHFoR Jildte] FESFS ALY A THFESFL 53 %, 0.3 bard] FEFFL
32%, 281 15 barol M9 FEFHZFL 9 14.5 %= J1EFETFol o 18%E AT 4
7% Loprt ZHE o2 ZAFJLn W FAgold AgHE HA 23U AaHE

- 65 =

01

ANAEEXH . B8 NS ZE-USd ASELD B4 ME Al& L Il ool &



Ao =2 zAHH A
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vAAdE 108 FeAod #FF & ANAste] dgd 49 =X FAed 213 AA}
A AKo] ZHestAT B A7 20039 19 ©lF FA™H7] 7)1 FAE BN
HFdte] 2pzte] 22 AelE potZ o] Adte AulY o Hal AKIIo] opd 7|3t
o AAH Auiel FHEATE LAY ARE 7x2 FAE GZo AMEE Astd AL
E4& zAedan Azt uaz AlgQFHI ey TANUE qA Eag

TH Al A A A BANS AuiEtr] ety AT BEQ 293 S4E Avnd £3
YE7L 1 g/on 01312 B HEEYS 43U 12-1.32g/ck B0} o} &6k o] % 5 g
Hd FelA golditta BdEct (Table 30 ).

Table 30. Physical properties of mixed materials to grow ginseng

Category Material I Material II MFM
unit : om A B C A B C A B C
B:D« | Natural | 012 | 015|027 | 028 | 051 | 033 | 03 | 033 | 0.42
(g/a) | Tapping :5| 013 | 017 | 032 | 031 | 036 | 047 | 038 | 040 | 0.48
Natural 095 | 094 [ 090 | 0.89 | 083 | 085 | 0.89 | 0.87 | 0.84
Tapping 5| 095 | 094 | 087 | 083 | 086 | 0.82 | 0.86 | 0.85 | 0.82
Total Natural 477.36 [ 471.70 [ 449.06)| 447.17 | 441.17 | 426.41 | 443.40 | 437.74 | 420.75
Porosity| Tapping :5 |451.70 [ 420.20 | 364.89| 401.77 | 375.91 | 345.51 | 389.75 | 369.34 | 343.92

H - C*x
(cm/min)
A: 375~-2.0mm, B:20~1.0mm C:1.0 mm>

Porosity

Tapping 5 . « 100539 -+ ]0.3413] 3.423

NGRAANATE 4 QUNFNN A - 259 QY FAS TUste] 2002 1249 20
U 2tzke] EYHEE A HE| EHOBYE o 2 cm olol 5UE BEF F EW

52 3A dn BANE=AME Al

Figure 148. Pictures of culture media after seeding ginseng seeds on Dec. 2002
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Figure 149. Pictures of geminated ginseng
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Culture 1. Culture 17 Conventional culture

Figure 150. Pictures of ginseng taken on April 17, 2003

RS QA M AR EFFEL 4 50-60% AEolW FE3 &3] it
W E54E H5o] d3vgn gelx ot Table 312 FEYSEO|E 7€ B9
AEEQYE A Aielvh, A Zs} 173 e] & 44 EFH &0l L B4Rl A
& 549 5ol Ao Ao WEYE §Fo]l & EFoA @ matd vl Hx
gold= RolFE ¢ & ANen e} oyl BFESFI) ol A HmIt o
o
¥ BAdolst 2HE ZAME F3 wolst wpAsAE 1A 0] HEFE Ko FEHE
& 4+ JANT (Table.31).

Table 31. Comparison of voung ginseng root growth for various mixture of materials

Mixing Ratio Gemimation _Length Thickness ' p - .
‘37%5~20mm 20~10mm 10 mm>e Date ‘mm’
1 1 March. 23 14.6 0.94
1 1 April 4 13.6 1.05
1 1 March. 16 15.9 1.14
1 1 1 March. 27 14.2 0.89
2 2 1 April, 11 138 0.81 |Averages were varies
2.5 1.5 1 April, 14 133 0.92 due lack of samples
3 1 1 April, 5 13.2 0.88
45 45 1 April, 9 126 0.92
5 4 1 April, 10 129 0.80
6 3 1 April, 19 13.1 0.82
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Treatment 12-1 Treatment 19-2
Figure 151. Picture showing ginseng leaves affected by insects
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gukzdoz e AMARLS ALEY, FALFNE, A4 AR, HER, a53E Fos
FES & . 2 dFA AulE BAF JHF A £& AET 139 AL AR &4
< Table329} Zt} ZEla ool HeFoA AT B4R olg FAIE AEEALS Bo
32 ey slEe BAYE EAREI) vndld 200338 #oisEe 24T vnA & @
Aol A v B4 & xbolst YU

Table 32. Analysis of components for young ginseng roots for the
cultivated and the purchased

e T-N [=d¥3|=ALEY| 248F% | AT | Crude Fat
(%6) (%) (%6) (%) (ppm) (%)
e 13| 015 0.94 10.50 520 | 1604.4 1.4
=y 0.14 0.89 10.33 533 | 16782 1.63
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