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SUMMARY

This studies were conducted to test the efficiency closely using the
capillary supply system and to the productivity of some 'Ssam’ vegetables
in Jeju scoria and cocopeat as culture media. In the Test 1, Growth
characteristics were investigated through transplanting eight ’'Ssam’
vegetables including 'Kale’ on the scoria culture media as an experiment
to know the efficiency of supply system, In the Test 2, The distinctions of
the growth and productivity were investigated through transplant on not
only the scoria and cocopeat culture media but also the mixed scoria and
cocopeat media to the differences of growth characteristics of crops by

culture media.

1. Test on the capillary supply system

1) The change of pH and EC level on the early step of transplant is as
follows. The pH6.1 on the early step was gradually increasing, and
appeared to be pH6.8 after 60 days whereas the EC level increased from
1.4mS/cm to 1.8mS/cm.

2) Growth of eight 'Ssam’ vegetables including kale is generally good in
the temperature of the daytime(23~29C), and nightime(14~17C). Harvest

time is the earliest for Kale and red mustard leaf. on 16. May.
3) Content in connection with component of mineral by the crops and
crude protein showed similar results compared to a table of USDA food

nutrient database.

4) As the capillary supply system is powerless system, the effect of



saveenergy was obvious without the necessity of power for providing

nutrient solution

2. Test on Growth characteristics in three culture media

1) The changes of pH and EC in three culture media indicated media of
Cocopeat on the early stage of transplant was lowest as pH4.9, while
mixed media, Scoria were high as pHb5.6, pH6.2 respectively. The EC level
increased in three culture media. media of cocopeat greatly increased
from 0.8mS/cm to 2.1mS/cm most while media of Scoria changed from

1.5mS/cm to 1.8mS/cm least.

2) In the growth characteristics of Kale, Red mustard leaf, and Red
rhubard chard by 3 media, Scoria and mixed media was superb in some
aspects of leaf length, leaf width, number of leaves as compared to

cocopeat media.

3) In the component of mineral and crude protein content, There was no

big difference.

4) When 60 days passed after transplant, at the quantity of commodity
by the 100 plants, scoria and mixed media were high in quantity compared

to media of cocopeat.

It resulted that suggest the effect of saveenergy to cultivate
'Ssam’vegetables using the capillary supply system, Furthermore, the

application of scoria and cocopeat was possible as mixed media with this

system.
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L ag 3 A4

D AR 1 FAF3Fg2]ed dek Ald

TA AEAREE S olAolERoA AUBrassica oleracea 1.), XA}
(Brassica juncea L.), AW (Beta vulgaris L.), W|E(Beta vulgaris L.), 2383
(Lactuca sativa L.), =AY (Brassica oleracea 1..), 22~7}%=(Brassica oleracea L.),
2 QXA (Cichorium intybus L.) ©]4 8&&=2] S TYsL HEE nHio

LAE2S(EETH)E AFEste] 20029 3¢9 299 10x20 1 EFold I}
TR om 2002 49 29¢ Foluix]ol EZZ]Ale] 15em, &AMl 20cm (HA S

7 AAsrt

2) A1E 2. MiEE ASATE

A AEAlEE P oprolERolA  AY(Brassica oleracea L), H7AZ
(Brassica juncea L.), AW (Beta vulgaris L.) ©]% 32&9 FA5 FY39 2
FEE HIAE2E(FEER)E AFESte] 2003W 3€ 139 10x20= 2L
Efold dFstgon 20039 49 16¢ IZIIEGEu|A L} FolT-EujA|

FIES} Fol(1:1, v/v)E £33 x| E7|A}o] 15cm, Z=Ae] 20cm 7F

A B SH7IEESE AWl vl 25T W e, el 156~18T
a

, ol 1~2%do] AMEHYS wWHFH=



of & Plastic film house® =3 & 7/IWste] n2AsE HA3 st
Folol 2HlE oF 9O0L - day & 3ol 1AER FolElao] Fle ®F3
om, oAFH 2o o3 AFHA 2 FEo AYFTeY AEAYLANE
a#sle] el 948 154 Wl 7 WES AT

1) %FelAy

Foe @7 AdATFE FFAE AYNL JFOFE pHE 65~7089A 2
Z43%9 3, ECE 1.0~15mS/cmH 92 =4 ste] el

Table 1. Composition of macroelement in nutrient solution.
Fertilizer Ca(NO3)s - 4H-O KNO; KH2PO4 MgSO4 - 7TH20

g/1,000L 840 620 150 500

Table 2. Composition of microelement in nutrient solution.

. MHSO4 ZHSO4 CUSO4 NagMOO4
Fertilizer Fe-EDTA HsBOs
- 4H,0 - TH20 - 4H»O - 2H:0

mg/1,000L 20,000 3,000 2,000 220 50 20

2) R gF AR A

vl gEgAe] AAL FAHA(3000L)e] ¥ FiEel A4 25mme)
PVCHol 22 A7sm, o] Hol=s F Folwd Adss F7AA 59
24 2ghball tap)S ol&ote] AATT o BES Apa Felo] FeE
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FaAHe F97F Z2A HdAGAT. o
pl0mm AHI:=o TS AN} g2 3t
o] PEglo]Z & Fof Y& ol& +

A ~EH 2 AFAF(Bx4x1200mm)S FHoE ALl gdw=E9 Ao
(40cm) Bt 20cmA = v ZAste] & 2 Scme T #HEHo] Sol7HA
atal, e & ¥ 1ocme  AEol AAA e wiA &l 5ol7HAl A A8k AL

A= Fol& of&3to] 20cm o= Auful]=ol A sl

ball-tap
tank

main pipe (960mm)
nozzle
V'

Fig. 1. Installation of capillary supply system.
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Table 32 A& Folufx o] 3hat4 A 430l

Table 3. Chemical properties of scoria before cropping.

Culture - EC OM AV-P,05 Ex. cation(mM/100g)
media PR (mS/em) (%) (ppm) Ca Mg K
Scoria 6.1 14 1.33 49.6 5.38 2.27 4.58

Cation analysis carried out using Atomic Adsorption Spectrophotometer(AA-6701),
Japan. Shimadzu (Ca, Mg, K)

2) A4 2
Table 4+ ZIAJEG LA Foldt&u]x, 181 ZAIE o]

(1:1, v/v)E & A Y 3het4 A7 EA4 Aol
Table 4. Chemical properties of media before cropping.

Culbure media pH EC AV-P;0s Ex. cation(ppm)
(I:5  (mS/cm) (ppm) Ca Mg K
Cocopeat 49 0.8 18 44 2.1 5.4
Cocopeat:Scoria(l : 1) 5.1 1.1 42 49 18 62
Scoria 6.2 1.4 49 107 39 360

Cation analysis carried out using Atomic Adsorption Spectrophotometer(AA-6701),
Japan. Shimadzu (Ca, Mg, K)
Co : cocopeat

Sc : scoria

AL 2014 A5 20del 9, A%, daE 2AREleH, o AA
T A= Al 500FE dder E718 g0l ¢A=A71(10cm)o] 8t

A Qe AG BT BE U At AU £ AL A
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4 HAgEoR HFsL YvH(Jang, 1999)L st 1 VFo 2 HHI AEA
A fGAFe AFEARS AAES AFE 18 20029 6€28Yl, AlE 2%
5

2003 6415l =L W ow 747k AAlein

A

4 HBAY] P HE B

AszAts v FALE 70T 2A2WsILd S2AZ & s240x75
o] & -50TCoA 48417 A% AZFom EAAZHE A2s His)

3 F 05g A#Fele] Kjeldahl oz 23 7 f=24gse)

S7gstel SARl 42k 6258 wskel Akerglal, P2 Vanado molybdated3
THoz HEFICE 5% metaphosphoric acid2 &3 ]39S hydrazine H]
2 3Fo] ZH2b Spectrophotometer(Ultrospec—400, England)® =74 3} 33t
ujx1e] pHeF ECt 747F 1559 0.2 (pH/EC meter(460-CP, ISTEK)) %7489
om, B4 5go Al IN-NHOAc 4oz 3087 Jgrzl & A=
FdtF B E=A(AA-6701. Shimadzu. Japan)= 37 8} t}.
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Fig. 2. Air temperature in plastic film house during 'Ssam’ vegetables

growing season.

pH
-
[
| |
SN ()] (o)
EC(mS/cm)

6 —
—._DH - 1.2
=il E C
5 1
4/29 5/29 6/29
D ate
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FolujA1e] pH ¥ EC W= 9204 HE upel o] A %7
o] pHE 6.1°]ov, 60€e] A3dt 6929U0l= pH68Z F71atdeh 1l
(1982)= pHW 3] FANE Yol Fol=9 FradFe Aolgtal stae
W, ool pHE $5Ed A4HHPO,), ZAHINO:), #F4HHS0.) SOl A
w22 (Park, 1991) w4 pH Adte Fol<l QUAte] A &A1 FZ o]
T dJdolgta g Ha(Fl, 1999) 9= e AyE BT olE FE S
pH7} 65~700% Zd¥o] glo] 23] A pHE =oF= 2oz A7
wdom, Eak Fol7t pHel sl v kAo WlstE AnE HelA
(5, 1996)3} frAlekeith ECE AA%F Z7]o] 14ms/em@Ed 60U o] A uke
ol = 1.8mS/cm 2 WAt HA (1991)L 459 NFTAujolA d& <
A A S AFEES v EC 20~25mS/cm 2 pH6.0~75% F3 3%, Kim
(199D EC 1.2mS/cmol A A5 AAFo] 7 =t
FAAMA BRE FE . HEMZE pH 55~65u %la, ECE 15~
25mS/cmE AAWHLRE st ke FE AAsAS u B AP Aug

W AR A Azl i Aozt iAIRE pH R ECell 93 A5

=
%E
Olr
r1r
jn)

EHFATTRAE o &% AT 82 AHF 2090 AAALe] 4

2~3% 7t we A
& B3tk Suh 520002 B 7HA e Ao dAgEE Al A A4
Al FHel o) o] Jhed & e whEel AAAL= & 20x20cm
(Z7|AfolxzAto BT =8afeo] wrhal Bausilsdl & AFelMe] 15x20em=
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Table 5. The growth characteristics of 'Ssam’ vegetable cultivars at 20 days after
transplanting to used the capillary supply system in Plastic film house.

Vegetables beaf( Clri)ngth Leaicrx:lx;idth N?éa(;f 11 caves Fresllleavieight
plant) (/lea)
Leaf beet 16.2 6.4 6.2 5.8
Red mustard leaf 204 11.2 114 6.7
Red rhubard chard 256 10.1 3.6 6.9
Oak leaf 139 - 12.0 14
Kale 201 12.8 10.3 7.8
Red Kale 19.2 7.1 7.3 5.7
Toscano 166 6.4 86 4.6
Red leaf chicory 155 6.6 83 41
2) A=A FAHE HP
Table 6. Content of mineral elements in 'Ssam’ vegetables.
mg/100g
Vegetables
P K Ca Mg Fe
Leaf Beet 56 952 61 39 5.1
Red mustard leaf 49 485 119 40 1.8
Red rhubard chard 36 1094 90 141 49
Oak leaf 26 274 72 65 0.8
Kale 46 364 291 62 0.9
Red Kale 57 362 130 58 1.3
Toscano 186 370 4 59 1.7
Red leaf chicory 35 302 24 35 0.6

Table 68 871 #4129 7H4% 100g8] ¥714 233 vhebal 2nz 2
FA 3 (USDA, 1998)¢}F vl =3k A& H o

_12_
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(00D 5901 BT FARY A3 Fdh B olFIAA @ AY, i),

Table 7. The growth characteristic of marketable 'Ssam’ vegetables at 60 days after
transplanting to used the capillary system in Plastic film house.

marketable size
No. of leaves

Vegetables Leaf length Leaf width Fresh weight (ea/plant)
(cm) (cm) (g/leaf)
Leaf beet 22.6 85 6.2 18.3
Red mustard leaf 24.5 10.5 6.3 25.7
Red rhubard chard 236 10.2 7.3 24.3
Oak leaf 189 - 1.8 55.0
Kale 232 11.7 7.7 264
Red Kale 22.1 7.7 6.2 21.8
Toscano 22.6 7.2 6.5 31.6
Red leaf chicory 245 54 4.8 388

_13_
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growing season.
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Fig. 5. Changes of pH and EC in Three culture media

37FA wi A1) pH B EC W3k 29 5014 wi= nhel o] A %79 =
Ao EGEulA], A, FoldguAe pHe ZH2F pHA.9, pH5.6, pHE.2%
o 609e] AvAME 77t pH54, pHSS8, pHE.9R W3lste] o] wh-gul =] o}
EA = AHHR FATE Sk FAE Bon, ASvEWEHEA
T 27lde SzbstHst AR deojAs AFs Btk ECE 7 wiAE 038,
bl Fol w8l A7) W s}o]

[1

Ol

1.1, 1.5mS/cmell A 2.1, 2.0, 1.8mS/cm= ¥
g Agron, mmsEdgAsl WatEe] b Hoh mmIES WA=
AERE W FAREEsL BepolEuh mu]EetolEe] WS Ath(Yoon &

1999)E 7ok PRt T SRE AT IRFLYS kol ECTF
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Table 8 The growth characteristics of 'Ssam’ vegetable cultivars at 20 days after
transplanting to used the capillary supply system in Plastic film house.

Leaf Leaf Leaf No. of Leaf
Vegetable Cultu.re length width  fresh weight leaves —dry weight
media (cm) (cm) (g/leaf) (ea/plant)  (%/leaf)
Co 18.5b” 12.3a 6.5b 8.8b 9.8a
Kale Co:Sc(1:1) 19.1b 12.3a 6.7ab 10.6a 9.7a
Sc 20.6a 12.4a 6.9a 10.2a 9.7a
Co 18.2b 11.1a 6.8a 10.2b 8.la
Red mustard leaf Co:Sc(l:1) 204a 11.2a 7.2a 12.3a 7.9b
Sc 19.6a 10.8a 7.1a 12.4a 7.9b
Co 23.6b 9.6b 6.7a 7.4b 8.5a
Red rhubard chard Co:Sc(1:1) 24.2ab 10.1ab 6.9a 8.1a 8.6a
Sc 25.1a 10.6a 6.9a 8.3a 8.5a

“ Mean separation within three columns by Duncan’s multiple range test the 5% level.
Co : cocopeat

Sc : scoria

EN

Table 82 AAF 20¥o] ZAIS o WA W& 37FEY AFELS
ASE Atz QL Fola-gujAodlA ALo] 206cm, H<WH7F 25.1cmzE 7}
A =oka, EFuiA A HAAT 204cmE 7HE Eghon A EGEA]X
AME AL, AR, Fd7F 242 185, 182, 23.6cmzE 7HE Witk d4=
SFui Aol A Aol 10672 7HE BokaL, Fold g Ao A AR e} A
7F zhzt 124, 83v = 7HE Eskow, I EG-GuiA|d M= Ad, AAA
A7y 242k 8.8, 102, 74M = g vtk 4E 3 dSolAM = 3FE BT
iAo wE fozabrh gla, G4 A FolaguiAE oAt

glolo, of FujA ¢t ZAEGTGA = FoA7t Q174 ¥ 3l

=

_16_



2) A=A FUEE

Table 9. Content of mineral elements, nitrogen in 'Ssam’ vegetables.

Culture Crude protein mg/100g
Vegetables . -
media (g/100g) P K Ca Mg Fe Vit C
Co 4.8a 41.2¢ 339¢ 265b 65a 1.3a 147a
Kale Co:Sc(1:1) 4.6b 42.4b 348b 262b 64a 1.0b 144a
Sc 4.4c 46.3a 364a 290a 6la 09b 144a
Co 4.7a 49.4a 442¢ 112b 37a 1.9a 60b
Red mustard leaf Co:Sc(1:1) 4.9a 49.8a 459b 106¢ 372 1.8a  60b
Sc 3.8b 49.9a 485a 119a 40a 1.9a 65a
Co 3.5b 381a  1029b 91b 128b  4.9a 9.9b
Red rhubard chard Co:Sc(1:1) 4.2a 38.3a  1026b 104a  129b  49a 11.7a
Sc 3.6b 36.1b  1094a 90b 140a 4.9a 10.7ab

“Mean separation within three columns by Duncan’s multiple range test the 5% level.
Co : cocopeat

Sc : scoria

Table 9% WiX¥ 32&9] F714% 9 xd¥ HERC FFS vEhd A
o7 AL FoldgujAolA P, K, Cacl z+7t 463, 364, 290mgo. & 743
= Uty mavdEwguAdr s 2w Ay} Fe, HEICIE 7h7b 4.8g,
1.3mg, 147mge= 7b A deigey 2 folaes gtk AAAE £48
Ao A g do]l 49007 714 =i JEI, FolggurdAE K,
Ca, Mg, HIEFIC7} Zb7} 485, 119, 65mge = 7bg =/ vebgth A
Ao A Fgm Aol 42g Caol 104mg, HEFWCIF 11.7mgl 2 7%

| vebgtow, FoldgmAel A= Mgddol 140mge = 7 =7 dste
U AAAH ez 32 wjAE R YR Aol 2dMAS A A

YR A FelAe 9k

.

Hi
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Table 10. The growth characteristic of marketable 'Ssam’ vegetables at 60 days after
transplanting to used the capillary system in Plastic film house.

marketable size

No. of Leaf Total

Vegetable Cult;re Leaf Leaf leaf leaves  dry weight leaf yield
media length  width fresh Welght (ea/plant)  (%/leaf)  (kg/100plant)
(cm) (cm) (g/leaf)
Co 225 15.1 7.1 22.8b” 9.8 15.9b
Kale Co:Sc(1:1) 23.1 15.3 7.2 25.8a 9.7 18.1a
Sc 23.2 154 7.2 25.4a 9.7 18.3a
Co 21.2 11.3 6.3 20.2b 8.1 12.6b
Red mustard leaf Co:Sc(1:1) 21.6 11.7 6.5 23.2a 7.8 14.7a
Sc 21.6 11.1 6.4 23.1a 7.9 14.4a
Co 26.6 10.6 7.1 21.4b 85 14.7b
Red rhubard chard Co:Sc(1:1) 26.2 10.6 7.0 23.1a 8.5 16.0a
Sc 271 10.4 6.9 23.3a 8.4 15.7a

“ Mean separation within three columns by Duncan’s multiple range test the 5% level.
Co : cocopeat
Sc  scoria

Table 102 Hi A8 32-E9 FA 5 604l BHIAS

=
b BA YEhd foAE BT o ¥ ARTEiE 43S 1A 60d
o] At A7lel AEFHFES ZAEE A¥ 10057F AL ZIAIETEA
=g A], FoldrguixolA Ztzh 159, 181, 183kgl® H AV ETHEujA]|d
A AFEFEl AxEFAL, FoldEuiATt =gton

147, 14.4kgo 2 E3tuA oA 7 WS ko] YEly iy ZI3 ETE)
AeA 7HE A dEETh ASuE v AgoR 77 147, 160,
15.7kg o2 EFujA oA 7Hd Ekow, 3

5 raael Qo] A Solrgulx

_18_
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e dotrr] Slal FolmiAlel ALS HIET 8FES AA st A58
stow, 4 AldeMs wWixE o] YNALS dotr7] fs Fo
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7] #ix12] pHeF ECe Wgl= Z7|pH6.1oA Hak S7hske] 60
o] XYM = pH6.8°] HF o EC= 14mS/cmol Al 1.8mS/cm= S 7}38F3 o
2) 49l A 6€7bA 9] F3F 23~29TC, ok7H4~17TC9] SEellA ALE v %

& a1 wF W) FEstgon 3t AY, 47447 581692 7

3 = FrIdw 9 2l ghakel] QlojA wlm A A FEA S vl

H RHFAZFEAE FEY AR FATFES 0 Aol Baglol
AUA At Falstet

2. WA A& A

1) 37F#] A1) pHSF ECO Wste A2 x7] a9 E G&uf#| 7} pH49=

7 Geton E3uj A7t pHE.6, Solw-& A 7} pH62E =9kal BAE 60
Aol A= pH5.4, pH5.8, pH69= W3algith. ECE Hujxol A Z7}
st ed ZIEIE FEujA7F 0.8mS/cmoll A 2.1mS/ecm= 7FHE AA F 7))
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Fig. 6. The capillary supply system and 'Ssam’ vegetables
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