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Physico-chemical Properties of Inorganic Materials Currently Used
as Root Medium Components for Crop Production
in Korean Plant Factories
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Abstract. Inorganic materias were commonly used as container media in domestic plant factories. Objec-
tive of this research was to secure the information in soil physical and chemica properties of inorganic
materials such as vermiculites and perlites. To achieve this, 12 gold and silver vermiculites from China,
Zimbabwe, and South Africa and 5 perlites from China were collected based on the marketing grades (MG)
in particle sizes and analyzed for determination of their characteristics. The percentage of particles larger
than 710 um, in China perlite MG 3~5mm, China silver vermiculites MG >8 mm and MG 3~8 mm were
99.9%, 99.8%, and 99.7%, respectively, which were much higher than 28.4% in China gold vermiculite MG
0.3~1.0 mm, 14.0% in perlite MG < 1.0 mm, and 12.6% of Zimbabwe silver vermiculite MG < 1.0 mm. The
container capacities of perlite MG <1.0mm and South Africa silver vermiculite MG 0.25~1.0 mm were
72.0% and 71.1%, respectively. The air space in China silver vermiculite MG 3~8 mm was 49.3% which
was higher than other materials tested. However, the China gold and silver vermiculites MG 0.3~1 mm had
3.5% and 2.4% in air space indicating that possible problems could occur in soil agration when they are used
for container media. The percentage of easily available and buffering water of China gold vermiculite MG
0.3~1 mm and perlite MG < 1.0 mm were the highest among test materials. The ranges of pH and electrical
conductivity were 6.36 to 10.7 and 0.032 to 0.393dS - m™ in vermiculites and 7.78 to 8.62 and 0.030 to
0.041dS-m™ in perlite, respectively. The cation exchange capacity of China silver vermiculite MG 0.3~
1 mm were 14.7 cmol - kg™ that was 10 times as high as 0.34 cmol - kg™ in perlite MG 1~2.5 mm. The ver-
miculites had the higher contents of exchangeable cations such as Ca, K, and Na, than those of perlites.
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a1, AARE ] gHrEo] A gotek gtH(Choi
S, 2009; Nelson, 2003).
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3tete] BEde] &1 - S AEAS Al
= 243 14 M85 Ao HEsA FHE
ofF o]& TAR EHES ZHEY & UTHArgo,
1998 1998b). 1L} @A Iol FEHE 2%
HjA] Ase] Ee - s}eHA SAo] ALl FHEA
oot A& Aol o]83r] fIg 3] sl A
B2 AR S fetar, 2= Aulol] o8& w A
Ak Aske] f1glo] FrH(Choi %5, 2009). F-71&-20]
] 3R] AEZ go] 2ole wulgeto|EL} et
olEE f71EHQ] TER 9} Folo] HrERT ¢
7o) A7l A1 B 71 B BpAe & IF
< HAY, ¢gYdEAdE d#A AJoKCho T,
2009). 13y =fjol] fFEEAL U= HrlEElelES}
defo|Ex YXHAERE T8y f574 BE & -
3lepdol] el AERE Ylgo] Harx|#] eigkon, wiz]
ZA| T dle o B - Fshde -G
25 Al 1 ERES FAB] ofede d3tel.

o9} & RS FElEle] el FU1E F £
FhllA] AEE 71 Bo] o8 WulEEo| e H
ZlolES e & & - 38k EAS sl £
TR ZAE 918 71ZAEE ANStaAL B ATs
SR =

e W we

1. HiIXIM =

2 ATE S8l FdlellA fEEAL e HrlEEte]
FP A3 v Q48 £ F oF 10000C
o) w2 2T 2PN 248 Zolglon, gt
A} 45 F4o) wet thew) go]  129S Fn
3}tk China gold 0.3~1mm, China gold 1.2~
5mm, China silver 0.3~1mm, China silver 1-2mm,

e

Lo (m

China silver 3-8mm, China silver 8mm< [°}d &
SO ZHE Fg 948 (F)RERUIE (Shinsung
Mineral Co., Ltd. Jincheon, Korea)ollA 7}33H,
Zimbabwe dlver 0.7-1mm, Zimbabwe dlver <1mm
[oVd AnpEERE U AAS GRS
(Shinsung Mineral Co., Ltd. Jincheon, Korea)olA]
7}3], South Africa slver 0.25~0.7mm, South
Africa dlver 0.35~1.0mm, South Africa dlver 0.71~
2.0mm, South Africa silver 1.41~4.0mm[¢]’d Fo}

|

73

27} T3 o 2R A dAS GRS
(Shinsung Mineral Co., Ltd. Jincheon, Korea)ol 4]
7}&3h.

T FUlellM fEsle HEolESY 94 BT F
o MRt FYEHIL o FHolA FUE d4s Tt
F% F 58S FEsIHEY e rEe vt 2k
t}. <1mm, 0.7~15mm, 1~25mm, 2~3mm, 3~5mm
[P T H4S 7 & G)RIEAkd (Misung
Co, Ltd, Yesan, Korea)ollA] 7}&¢H.

2. 2218 B4 &4

3" TR AIEELS ROTAPIl  seve
shaker(Model A.ST.M.E-11, FISHER SCIENTIFIC
COMPANY)ZE ©]-83}] Choi 5-(1999)] el whet
PE=REE ARSI o8-8 Al(seveye Pl ET
A (American standard) & 3 12(27 5.6mm),
7(2.8mm), 14(1.0mm), 25(710um), 45(355um), 100
(150um) B! 140(106um)3 o™ 85w o= TSI
HiR S-S duldFe S8 2% 9 2234 Al
AlZ=glol| AM8317] A3tet SRS wslaL, o]
] HEE SRS 78It 45 viAAlR
+ Choi 5(1997)¢] Holl Fall =o] 2 AA
7.62cm, Z18]a1 WH-8-7 347.5mL] &FulE AWy
£ o] g3l TS (total porosity), 73S (air space),
7185 % (container capadity), 7HH1%(bulk density)=

=435tk 3 pF determination sand box(Model
pF 0~20, Eijekdkamp Agrirescch Equipment,

Netherland)s ARE-sle] Felislol] & 7 B4
Hals 43I 87]83~4.903kPae] =5t
EAlske GAl 58 & Jde FE(Easly available
water; EAW)T} 4.903~9.806kPa2] &3}l EAsl=
=5 (Buffer water; BW)S ARSI THMIlks 5,
1989; Wallach -5, 1992).

3. &5y 84 24

A2 pH % ECE ¥ 31534 (saurated
paste method, Warncke, 1986)C.2 Z=7433it}. BiA|
ANS7F BAeh golenghgae] 42 ammonium
acetate(pH 7.0) ™ (Hendershot 5, 1993)9 F3H%
o X|gH kol RS Yol ugheaF A4S 23|
NH,O0ACE X|ZA|7] &9 ol EAjsleE ol
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(Hendershot &, 1993)2 UA&FE4 Al (atomic
absorption/flame emission spectrophotometer, Model
680, Shimazu)Z FA5}HTE.  NH,-N(Chaney2}
Marback, 1962), NOs-N(Cataldo 5, 1975) ¥ P,Os
(Chapmand} Prat, 1961)E =F7HE33 % 7| (Raman
spectrophotometer, OPETIZEN 2120UV, Mecasys,
Korea)& -A13151tt.

4. SHXE| LY

T S e =EEeH S £4F §
CoStat =713 (Monterey, Cdifornia,
3lo] p<0.05 5] Duncan T HAL 3 &
7}e) 3o ERAR.

=t

du o n#

1. 228 54
elN fEEE wulEEelEs A Tk
ofzglyito g FRE £ itk FZARS Silverst

Gold’} -85 o 0.3~1mme] %Zﬂ'_i 55
£ 34 golde} silvers 710um ool 94738 2t
= Ao vlgo] 284% % 37.3%%c} Gold 1.2~

100

80 -
60 -
40 -
20 1
0 )

Particle size distribution (%)

39 - 557

5mm, slver 1~2mm, silver 3~8mm Z1&]3l slver
8mm ©]%} o] FHCoE fEEHE HulETgolEx
710um ©)de] A7|E zZte YAk Hl&o] Z+7)
93.4%, 95.6%, 99.7% = 99.8%= FAFESITh Hul
Beate] A9 e 0.7~1mmet 1mm ko] =
T TALE fEEaL 9ler, 7ioum ool 47
S e YAe] Higo] A7 847% B 126%= &
A=}, dolrel7lgslaella Y€ ozt i
HEEel|EE fErAdl wet R FEshA A}
o]7} 01210 ™, 0.25~0.7mm, 0.35~1.0mm, 0.71~
20mm 3 14~4.0mme] Al 710|,Lm olite] 9z}
H]&-o] ZF2} 49.9%, 74.1%, 77.3% 2 98.6%31t}.
HZlolEx= 1mm, 0.7~1.5mm EE 1~2.5mm °]%
o] FAcE fEEHE 229 79 710um ool ¢
ZAul8-o] 14.0%, 71.5%, 99% oo g ZARFITH.
U o= frEEe HulEele|ES} Hlud o
Hejo|Ex Hu|EElo|ERT BlaE] Y7e] dd%r}
ERAL, FrerAel WE zlo)7t FEiEtAArk(Fg. 1).
T 12TF HrlEeelEY 39ES 8% 4
3} 65.1~747%] WMol THAL, FBEE
B 58 A7t A odsiti(Table 1). 12t e;ﬁ
o) et S7)185Hs 7PES FRE 2o)E

I

> 5.6 mm

5.6 nm ~ 2.80 mm
2.80 mm ~ 1.40 mm
1.40 nm ~ 710 ym
710 ym ~ 355 im
355 ym~150 ym
150 ym~106 ym

< 106 ym

(oo

Vi V2 V3 V4 V5 V6 V7 V8 V9 V10 Vi1 V12 PE1 PE2 PE3 PE4 PES

Fig. 1. Particle size distribution (%) of various vermiculites and perlites commonly used as root substrate components in
Korean (V1: Chinagold 0.3~1 mm; V2: Chinagold 1.2~5 mm; V3: Chinasilver 0.3~1 mm; V4: Chinasilver 1~2 mm; V5:
Chinasilver 3-8 mm; V6: Chinasilver 8 mm <; V7: Zimbabwe silver 0.7~1 mm; V8: Zimbabwe silver <1 mm; V9: South
Africa silver 0.25~0.7 mm; V10: South Africa silver 0.35~1.0 mm; V11: South Africa silver 0.71~2.0 mm; V12: South
Africa slver 1.41~4.0 mm; PEL: China perlite <1 mm; PE2: China perlite 0.7~1.5 mm; PE3: China perlite 1~2.5 mm;

PE4: China perlite 2~3 mm and PE5: China perlite 3~5 mm).
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Table 1. Soil physica properties of various vermiculites
commonly used as root medium componentsin Korea.

Table 2. Soil physical properties of various perlites com-
monly used as root medium components in Korea

Treatment®* TP (%) CC(%) AS(%) BD (g/cm) Trestment® TP (%) CC(%) AS(%) BD (g/cm)
V1 72.8abc® 694a 35e 0.25a PE1 781 & 72.0a 6.1d 0.11b
V2 69.4cde 549cd 14.6d 0.18d PE2 678bc 397b 281c 0.13d
V3 65.1f 62.7b 24e 0.23b PE3 67.6bc 243c 433b 012c
V4 69.9bcd 532d 16.7d 0.18d PE4 68.1b 21.3cd 46.8a 0.13b
V5 66.0 ef 16.7h 493a 015¢f PE5 62.7¢ 204d 423D 017a
Ve 735 3219 413D 011h *PE1: China perlite < 1 mm; PE2: China perlite 0.7~1.5 mm;
V7 694bcde 635e  59c¢  023e PE3: China perlite 1~2.5 mm; PE4: China perlite 2~3 mm
V8 69.7cde 486b 2lle 016D and PE5; China perlite 3~5 mm.
V9 74.7a 71la 37e 020c YTP: total porosity; CC: container capacity; AS: air space
V10 708bcd 65.0b 59e 0129 and BD: bulk density.
V11 728ac 575c 154d 0.14f *Mean separation within columns by Duncan’s multiple
V12 66.4def  422f 242c 0.12h range test, P < 0.05.

2V/1: Chi nagold 0.3~1 mm; V2: Chinagold 1.2~5 mm; V3:
China silver 0.3~1 mm; V4: China silver 1~2 mm; V5:
Chinasilver 3-8 mm; V6: Chinasilver 8 mm <; V7: Zimba-
bwe slver 0.7~1 mm; V8: Zimbabwe silver <1 mm; V9:
South Africa silver 0.25~0.7 mm; V10: South Africa silver
0.35~1.0 mm; V11: South Africa silver 0.71~2.0 mm and
V12: South Africasilver 1.41~4.0 mm.

YTP: total porosity; CC: container capacity; AS: air space
and BD: bulk density.

XMean separation within columns by Duncan’'s multiple
rangetest, P < 0.05.

Qom Z2k slver 3~8mme] {71850 16.7%
2 7PF weiar, dolrerlgslaal 0.25~0.7mme
711%2] 87187 %S 7H oF 4309 AolE B
ot 7PEY] S F3AF Siver 0.3~1mmes 2.4%,
ag)a YAo] vlwF 2R AupE YAl slver 1mm
HRkS 5.9%, Holze]7Fgsl=4t silver 0.35~1.0mm
= 5.9%= 7PFEC] HlwA wsith. Teuh Tt
slver 3~8mm & F=4k slver 8mm o2 71
Eo] 49.3% ¥ 413%= FAFJL, 7VEC] 7
vokel 322 Silver 0.3~1mme] 2.4%2} Hlwd w)
8 17.2~20599] & A7} o wjA] AEE
gRg o lo] AFsor s VR Siot

2 Ao el HeElolEx F=80] 78.1~62.7%
2 Fg=0em, A0 AZFE 23] F=8°] ¢
Z23Fe AT BYth(Table 2). 12 Hepo|Ex ¢
7Jo] ZolH4E 87| 8o] STkl 7PdEe] 7
23R FElgE 43S B3lor, 0.7~1.5mm o9
AAPIME 7PdES] 28.1% ooz =4 SHEHA
ot Bage] AR 87185s 1 u) Heo|E
S 9 HiAZA ZEA el 0|88 Be B 24

o] AJHy AFE A5 T FaKo] o] A& At
H7} Zrkete BAES 7HE Aoz o= AT
(Argo, 1998a; Choi ‘5, 2009).

Fonteno and Nelson(1990)0] B3 nle} o] <=
o] F7VSHH HiA|Y] g7 BARko] 7RAgit
AFANME sand boxE AEsle] R w2
e Hels 2gsla AA o8 & e R
(EAW)Z} 95 SRR (BW)HS AR A3} vinjga}o)
EE feit4el wet EAWSE BWe] HIEo] & zle]
£ 2 9Ao] 2R F=4F gold 0.3~1mm, Ho}
ZF}EEEAE dlver 0.25-0.7mme] EAWS} BW7H
Ear, 4A0] 52 T4tk slver 8mm o) ol A
EAW 15%, BW °F 8%= 713 St} HelolE o
Al 470l wel EAWH BWe] H|-go] ZERg AT |
n|Feto|Ee} fARE S VERITH(Fig. 2).

fe Mo

(

2. 358 £

St BHEEe|ES] A9 siverrt goldyt} pH
7} =94}, siver HulEEiolEXE Blwdh w) Fat,
AupEgat, Holze7laslait w02 pH7L Holx
o Jolze|7lgslaite] g R e S W
ol EFEo] =4 slverd] 1074 2 10.37HT}
] WS & 4 AQltK(Table 3). EC= =4t
siver7b gold® o} E9kL, sivers F574F,
ik, 2o HoprelzlEsisit 5o Yol

ol

fr n% 1o o
o o
o

fz

28

)

R
o
OE
o
(13{_5 N
v
ME

A% A7} o4k golddll
Hlg) silvere] XA Ca ¥%7 =tH(Table 3).

ot
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Fig. 2. The percentage of easily available water (container capacity ~4.903 kPa) and Buffering water (4.903~9.806 kPa) of
various vermiculites and perlites (V1: China gold 0.3~1 mm; V2: China gold 1.2~5mm; V3: China silver 0.3~1 mm; V4:
China slver 1~2 mm; V5: China silver 3-8 mm; V6: China silver 8 mm <; V7: Zimbabwe silver 0.7~1 mm; V8: Zimba-
bwe silver <1 mm; V9: South Africa silver 0.25~0.7 mm; V10: South Africa silver 0.35~1.0 mm; V11: South Africa sil-
ver 0.71~2.0 mm; V12: South Africa silver 1.41~4.0 mm; PEL: China perlite <1 mm; PE2: China perlite 0.7~1.5 mm;
PE3: China perlite 1~2.5 mm; PE4: China perlite 2~3 mm and PE5: China perlite 3~5 mm).

Table 3. Chemical properties of various vermiculites commonly used as root medium componentsin Korea.

EC CEC Ca K Mg Na NH-N NO-N PO,-P
Treatment®  pH )
a@s-m?) (S1070 N o o U (Mg-L™Y oo,
V1 854fY 0.100de 167g 05le 0l1lcde 004e 0.14f 042a 055bc 67.44bc
V2 771g 0.045de 132g 0.03h 0.00g 0.12e 0.22¢f 0.23bcd 045cd 104.11 ab
V3 815e 0.053cd 7.58ab 0.89b  0.08def 63la 030e 0.42d 053bcd 31.33c

V4 10.74a 0393a 268e 074c 010cdef 019e 165a 0.23bcd 0.73a 55.78 bc
V5 1037b 0124c 219f 0.80bc 0.14bc 002e 123c 0.23bcd 042de  44.67hbc

V6 945c¢ 0.230b 278e 108a 019a&b 0.05e 147b 042ab 048cd 4356 hc
V7 853d 0.113c 73lab 102d 0.07fg 568a 045 038ab 0.27f 130.78 ¢
V8 886e 0126c 722b 06la 005def 636b 0.28d 0.23bc  0.28f 341lla

V9 6.52i 0.048de 7.62ab 040f 0.19a 28lc 026ef 042ab  032¢€f 60.78 bc

V10 6.371 0054de 7.78a 038f 02la 230d 026e 038cd 0.32¢€f 72.44hc
vii 6.36i 0.056de 339d 078c 012cd 225d 024ef 0.62a 0.23f 48.00 be
V12 709h 0032e 6.00c 022g 005efg 240d 024ef 023bcd 061b 31.89¢c

2V/1: Chinagold 0.3~1 mm; V2: Chinagold 1.2~5 mm; V3: Chinasilver 0.3~1 mm; V4: Chinasilver 1~2 mm; V5: Chinasil-
ver 3-8 mm; V6: Chinasilver 8 mm <; V7: Zimbabwe silver 0.7~1 mm; V8: Zimbabwe silver < 1 mm; V9: South Africasil-
ver 0.25~0.7 mm; V10: South Africa silver 0.35~1.0 mm; V11: South Africa silver 0.71~2.0 mm and V12: South Africa
silver 1.41~4.0 mm.

YMean separation within columns by Duncan’s multiple range test, P < 0.05.

Sive?t HlwE w] F=Aka) FAulB ke & 2}o]= 0.05~0.07cmol*-kg?, @il ‘FolZ ] 7lEatarak
RHolx] AgkA|w Jolazg)7} g3t slvers £34F slver 0.05~0.19cmol* - kgl g EXEglon | golddll
ojuf FnpESAE B} Cas=7}F FEleH Wkt x| HIs) siverrt, 2E]al Wopzelrlaslaike] K gl
B K 5= 3¢ T4 slves 008-019%cmol™ - Btk Mg $& F= siver 0.3~1mnv} 6.31cmol* -
kg, &=2F gold 0~0.11cmoal* - kg, AulBgAt slver kgl AvPEYAF 568~6.36cmolt - kg, 18]al Ho}
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Table 4. Chemical properties of various perlites commonly used as root medium components in Korea

EC CEC Ca K Mg Na NH-N NO-N PO,P
Treatment” pH ;.
d@s-m=) (CMO* KG™D) oo e (mg-LY.........

PE1 778 0035a 046bc 010b 007ab 006a 023a 062a 053a 6189%a
PE2 757c¢  0030a 15la 033a 006c 004b 020ab 023a 038c 3356b
PE3 778b  0035a 034c 003c 008a 004bc 019ab 023a 044b 2356b
PE4 773b  004la 06lb 010b 005c 003c 02lab 08la 042b 21.89b
PE5 862a  0040a 036c 008bc 007b 003c 018b 100a 036c 19.11b

*PE1: China perlite < 1 mm; PE2: China perlite 0.7~1.5 mm; PE3: China perlite 1~2.5 mm; PE4: China perlite 2~3 mm and

PES: Chinaperlite 3~5 mm.

YMean separation within columns by Duncan’s multiple range test, P<0.05.

za)7lEslaal 2.25~2.81cmol* - kg Lo 2 HAlE o] 3
vlEU HolZeg g alitda 52 & 5 U
t}. Na &%= = siverollA 0.30~1.47cmol* - kg™
0% =9w F3 gold, WulHSAt siver, Holzelr}
F3}=At dlver Tl zlol7) IA] &3kt

HulEElo|EL] 952e kX0 ule} o)z} %1
tHTable 3). T4k HE|Eeto]EX goldell W3]
slverd] <fol2wghgFo] 453] =%omH, Siverd]
73%- AnpEeate] 71 a1, T, Holzerles)
2k o2 YolAle Aol B3t YT TH
HulEeo|E Yelie Yo] HoldaE olenl?
o] Eolxl= HS BT

Hejo|E pHE BF 7.57-8622 A= ¢ &
Zrg] o] el 2FEITH(Table 4). ECE= 0.030~
0.041dS - m'2 A= o] - wiopor, EFhulx]|e]
T AEZ AR Qo] & #AI7E §lE ez
o dsioict. dejolEx X3 Fol F Ca Tl
HuEEo]Eo Hlg)] Y53 IR K e Ful
Bt dlver MulEEPOES}L FARE 5701901, Mg
e Tt diver HAEIEER|E, Na 3% =4t
gold HuFEfe|ES} fAlSE 0|}, Helo|Ex
HulEeto|E9} o] §)7o] Holdg Jol2ndhe-
o] Z7Isl9ANE 2E Helo]|E} 0.34~1.51cmol*
kg'le] Jolewdhgae Zi= Aoz BEAH, W
HFeto|Ee} Hlwd w) FAIE ¢ Qe SFolgkal
1Tt

53 BEAAS 7R AE 348 A Al=H
9 E3hAe AEZ ARSI Aest FEiA A
BEE st wf) viejEele]|Ex 1Imm P9, 0.3~1mm
e 1-22mme] 402 f5sEe 229 A8 71

I‘

Eo] 5.85%, 3.45% X 240%E FAT3H wol &
A 4 AEZ APEA Fsihar At =
gk 5mm ode] FACE fEEE WuE|E F
== dlver 3~8mm, 5= silver 8mm °Pd, 1At
Yolzazlaslaral 2~smme 871859 2 TkE
o] Z}Z} 16.7%%} 49.3%, 32.1%%} 41.4%, 183l
42299} 24.2%% Z7=|SIT. 0]} o] 87 |85o]
w31 7P3EC] AURA =5 B AE A Al
£ AFsfor sk dlo] Ho] 2 Arke] 37 4
e A x| ¥Qlo] HTHChoi 5, 2009). &=
3 Argo(1998a) 2 Nelson(2003)2] B8-S 12
g o) 1~5mme] Heloll T wm|Eelo|Er) %
HiZ] 8 A5 = vlEEsitar st

EFA AN BejolEE HHHOT 30% ©f
WS E3RI} oje} 2 olf= HEolEe ol
hg-Fo] ol HIS-S AUAAl =Y A5 38k ¢
FEo] 7Asty] wjEoltk(Chai 5, 2009; Nelson,
2003). Beo]EQ] H]Eo] 30% oY 7 1mm ]
oy 0.7-1.5mme] 40 R fEEe 25 wiAl
ki, 1~2.5mm, 2~3mm, 3~5mme] 1ALl E FE5
= E4o] A 4 As=E o]8E F Utk
HEI T (Argo, 1998a; Nelson, 2003).

HulEElo|Ev) Helol|Ee] B4 S0l At
ule} Zo] 1-5mme] YAES Zte E2S 3R
ANEZ ARl Sithe 712 HAIE 152 wulEet
olEE &7 HIEE < 50%, BelolEx oF 30% ©|
U= S8k 2lo] gukAQl vl A4 ol dct
(Nelson, 2003). 12|u} HujEelo]Eg} T HejolE
o] 735 53k o] o mg sEo] w2 {7
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