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27l 24 2EolH Ud@A4el Y AAFE =AWUHLS AS P
19961l 907 haelut, AAHAEA L A& F718te] 6236 has WeEbR ot
ojs} Zo] H7|E oA tREY AirFol AA uwelM AdFHzn AT FHF
P& FolAM 7o G Aw HHLE F&8] Fretn ed HE TulldA e
@7 FAAu FAHL 3 A WA AUA FAv dew YR FH
717 Z1di s = ZEol7] WEd A B F ZidiHe AxFE T s
volth, w84 1y wjA AujaA 279 F5E F5 AYE ¥z
AE53 FFEH AT MddE Jidstd A Aol S&FozN A4
I FEE FHAII A B AFS A

st 2ANA FARER D7|(Fragaria ananassa D. ; ‘%)

AEAHAE

FEE ZAIE wfA]d 1997d 10¥ 259 olA3tAth o]4 Felle AA A7A
LN FE MigAE FTFsATh AWM =(04X1.2x02m)e 2EHEZE 4¥
AFE AHEst IME=" 8FE 15cm 2 & 1923t ZITES HejolE o
=of 72t 1997d 129 1399) AYstPon, $232e 7] A8 B4 Aol
) o

5w o129 9gos WSE NBSHAT MFAL 7 wWSvid 2009 o)
48718 AAHL 429 £71%0] W §Fe] FFULE UAsd £V
T FAE e FERE £ IAE LA FLFe 2RAT FAL
19 158 g BFstach HFde 45eAE ok EFY (NOsN
160, NHs-N 1.3, PO+-P 40, K 80, Ca 80, Mg 40 me-L)2 4539 $==2
(172909}, 3/4uel, 1uje), 2o} BE)EAS Y HEol FHY FAe ¥

Zo Fdg FFATUN ASVAUL FFE F4&(m/w), WFdel pHsl
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ECH3, A5 R +3F& A

FTFE FFES 1982 o wet A on FAe 1Fvit} A F e
NO2 d#A=z ZaA BEAs AN F4L¥F 54L& Kjeldahl method
of olg] EAM3gon Uit vanadate 0.2 470nmol A BB A S ALRER T,
Zg, 29, vt FAFFFEAE A SAHFAY. ASERAIE 4F
FTEA AAE A

(2) 74t vftolo] XMt HI|

LY AFoA ASGAER FFR FF&dd gt 2A4"E MEA

T84 wFA(SCU)Y] AP A5-E doldy] Y3t 7]&Y ‘4% @7] g
9] il Benoit (1992)% 9] 32 g dS ALE3te vl A& HAAEHch
FA A ELE B7|(Fragaria ananassa D. ; "$%“& A3z A4 19984 4
¥ 3" 3T AP AHEE g AL Benoit 1813} ALy A Fo) wigR
(SCU)E 37HA] F+9 FXE(1/25, 1S, 25)2 A 3lY HeolE9} FIHE u)
AMZ o] £k A4 F ujdde] pHe EC 2 F4%E 439
dAFFELE 28 FAH

ANAEEY ZH¢ SCU wigde HeolE wixolA 1/281 A2 0.77mS/cm, 1
WL 1.35mS/cm, 281¥L2  262mS/cm, HZITE wjx|oA  1/2vHL&
0.74mS/cm, 19} HL 147mS/cm, 291 B2 240mS/cmO. 2, Benoit B 1uj Y
2 HelolE9} IFVE BF 1.08mS/cmZ A3 FU}.

WAy Fr)38EF Hsle wigdS ASIAER 69 A EA3A
o g ML 99 WGy ATAPG LT WHoE AASAT

3. 21t #

k
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(1) &8t 08 sfx|HollAM E7] sy gt

@719l €84 1¥ wjA Ao AP HH%W! Z4 R FEE Yolr7] 3o
FEEE7) R FAEBLVIE Yo FFE F4E¥E AAHE 1- 1 1-2).
HetolE ujZ| A POs-P, K9 °J%’:§—T—%°ﬂ B3 Cast Mgel FE2F5E°] ¥
oA E A& & F Jden, 53 FIAZ FEFTE] Az Ke &3
2471 O FT€0] F7MEE ¢ 5 o ZAVE wiA] 9] PO,-PY FEFF
T2 FEAZ7NNA AFFALZ YKo JAHA w2 AF HAsed,
glol& wjx|d A e} vlA7tA 2 Ko FEFFEL HA T7tetdT Cadl 3% 1
e FEFTF 27TFFH HRGAeY & v HA F5E
o] AN Mg AHIAF FA F5&ol ¥ FrSA.

gl JE7IkEete] 2 AW pHe ECel ¥3E EW, pHe E-‘é Hj of o] A
z719 EoAE AFES Rolgrst Frld HA delAe FFES B + AU
Aoz IFIE WRAEY HolE HjA|dA pHE| ¥3}Eo] A3 €°}’“3}
few, 7hE AHol FRY FetolE9 1njst mAIES] 3/4ufelo] W5} F o]
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7H¢ AAJqo. E£¥, 2719 UAAHQA pH A5S NOs °]&¢9 $£4F
o|F X, o]F ol FFIE U] oA Ro }Zl" Rog wAH(Hl, 2).
ECY 2% 5 wix|zto] HOE xjo|s} glon, 2ujdolr <zte] F54FL B
Fe A Yelle 487170 dd d4A" FEE BAFAHE 3, 4).
2 *‘@011 AHE-" 7 Hx F ZAIE —‘:~ ¥4 pH, EC(53 pH®¥3H)7l A
A&717HEe BeolE iAo vleiA EF AFE ®HStE RAFAEH, oA
FANET} Yol X T o] o} 2:401 dAE AFE RAF7] HEQAL A
o2 Qztgct (o]&, 1997)
gl Fxo wE "7 A4S 2 FFE F 29 2o Mutry oz Hegol
iR oA o] Kol ZAHE HiX Y FFRTG Fhou, AAFH ﬂr*‘z %
2% 1%ty B o 45, AESFE To] BFPolE HiXgME 1 o],
E A 3/4u Rl A EA e
a2, pH 2 EC7} St Holz A&o] 4w HaolE ujxle 1ujYs} =
HE ujx]9] 3/4u o] FFEEFFES A3 *Ewﬂﬁl‘ai Negd 27 1
W2 H 4 T8 wlgAE A A}. eEolE wjA 9 H FA 7] %9}011
= N80, P27, K30 Ca30% Mg 25me-L", zma@_ﬂ EetolE N 10,
P30, K58 Ca30 2 Mg 25 me-L" o] Ags Aoz Jelhgoh(E 1-1).
FIRVE vjx] AL GAFAAZT] EQol= N 72, P 33, K 20, Ca 40 @ Mg
10 me-L"', #3847 <ol N 95 P 23, K 44, Ca 44 2 Mg 25 me -
L! o] Agd Aoz VEGTHE 1-2).
olgA ZAE WAL MEAHY EMARZE £32] 2] wFA(SCU)L
2 }AHE 3).
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(2) 70 v ol XEHY "It

2 AYoA 27 nPuAZE @A uFdez Ed A HA 2] )
FA(SCU)Y AHFHE HFA®7] At Benoit# 7 AL 27 &84 gy
I vmdEgeS AR

Benoit W& A3 M= ALd SCU A S 2183t 2718 Auigde o =2
dW pH$ ECRste 138 5~83% 20 IFAHOZE pHS ECAA HeolE
A7} 2R E WA RG Wste] Fo] AN A&7t T AT BFHFE Ko
FRew, pHAlA ZAFE wjz]2] SCU 1uiHo| Benoit 1R Bla] F of <
’“% 7"3&2 Hol FQ4. ECAM BEE AT FA7 Asdte TS Hol
T AL €& FAAuAAN dojve FE9 FHI LT #¥d Rew B9
=2 5731 ECAA FolE wiAle] SCU 18jdo] 2 FARE APAA Fx 3
de& Holy A pHO 22 AHAAY 3 F&ed d#o] e A2 Ko
O] RL AME Ais e FHeR & Fol29 FF7 SAAARAM F
°<} A5o] ZE3] o]Foj Agu AAH.

A 499 F BF2 oolE g b3 FA3A desth A8 A 2
o A FEY 2AF FEAM ME 2 2345 Eo FAXHFE 4 5).
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BAF, FLF, BE T8 Tt A5 S vusd, HaolE x4 SCU
1 Ho] 7+ -3k, 2 ﬂ%gg Benoit 18]} o] Egkony, SCU 1/2vf <]
B AA HEALF L gy FL9 BRIt ol FFEA 0l Bojdv A4
zZtgth, IV E WX A$ SCU 1vild 3} Benoit 1¥jho] M&o] Fgkx| g
25 HeolE Benoit 1MYRT AKo] ¥on, HAHoE BE APyt o
g FEA HepolE s ET Bkt

olg} & A AHEAZ 1WA ALHA BHE st7]d FE£d =AU

B8-S FAsIA AEAUAN I 28T IS A =Hol AT A
$2 Yt A BAFE Aolgt AAHY, JFAH AX /‘a“fi 23 SCU #j %
A(u 2 )L 7]E€9] Benoit WiFART AL FHF FolMH £35S B

A
3 9l A}se FA 2HW AN AU BE87] A N# PE
AzA AFolot &tn, WekolEe A 2R HAP pHE A5 AA
4324700 M2IFFE BlFolcl = Aoz Yt
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Fig. 3. Changes of EC in root zone based
on different nutriant solutions and
concentrations in perlite during 23 days
after reatment.
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Fig. 2. Changes of pH in root zone based
on different nutrient solutions and
concenlrations in cocopeat during 23 days
after reatment,
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Fig. 4. Changes of EC in root zone based
on different nutrient solutions and
concentrations in cocopeat during 23 days
after reatment.
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Fig. 5. Changes of pH in root zone based
on different nutrient solytions and
concentrations in perlite during 5 weeks
after reatment.

.._..,.,,‘M,,Wh,w.«,w,w,,____.

1.5

pH

6.5

55

L
!

| a-SCU2S

1 2 3 4

Weeks after treatment
e SCUTRS g SCUTS
—p—Bencit 18
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on different nutrient solutions and
concentrations in cocopeat during Sweeks
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on difierent nutrient solutions and
concentrafions in perlite during 5 weeks
afler reatment.

-120-

after reatment.

p— e S

e SCUIS
!
{
H

1 2 3 4 5
Weeks after treatment
@-SCUIs T
3¢ Beneit 18 |

- SCU 28

Fig. B. Changes of EC in root zone based

on different nutrient solutions and
concentrations in cocopeat during
Sweeks after reatment,



Table 1-1. Calculated n/w values of strawberry plants based on the
Yamasaki’'s formula in perlite substrate culture.

Growth Nutrient Items  Water Items POs~P K Ca Mg
stage conc. measured () measured (me-L)
a 20.0 y 1.68 353 3.10 1.99
172 §° W 3.7 y1 1.60 241 3.50 2.32
a/w 539 n/w 2.01 252 1.34 0.55
a 20.0 y 2.35 4.65 4.24 2.60
3/4 S w 334 y1 2.38 5.06 4.80 295
a/w 5.20 n/w 2.20 293 1.89 1.15
vegetative
growth stage 15 a 20,0 y 311 652 568 348
w 3.415 Y1 3.20 7.26 6.21 3.66
a/w 5.86 n/w 2.69 292 310 2.60
a 20.0 y 574 11.51 9.81 595
25 w 2.69 Vi 584 11.97 105 6.36
a/w 7.43 n/w 510 855 5.37 3.30
a 20.0 y 1.68 3.53 3.10 1.99
172 S w 9.815 Vi 1.50 3.94 4.69 2.60
a/w 2.038 n/w 1.87 3.10 1.45 1.36
a 20.0 y 2.35 465 424 2.60
3/4 S w 11.68 v1 2.45 5.24 548 3.15
reproductive a / w 1.712 n / w 2.28 423 3.36 2.22
growth stage a 20.0 v 311 652 568 348
1S w 9.895 Vi 3.25 7.26 8.25 433
a/w 2.021 n/w 2.96 576 3.06 2.60
a 20.0 y 5.74 1151 9.81 595
25 w 9535 yi 6.16 11.97 14.68 737

a/w 2.098 n/w 5.27 11.00 4.46 4.39

* Strength of nutrient solution
¥ The formula devised by Yamasaki to determine the amount of
macronutrients and water uptake at regular intervals.

a
Yoy, n/w = — (y-y1) + »n
W
a
y<yi, vw = yi — — (y1-y)
w
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n; nutrient absorption

a; Initial volume of culture solution in each container ( £ ).
w; The amount of water absorbed by plants ( £).

y; The initial concentration of macronutrients in culture solution (me-L™).
v1; The final concentration of macronutrients in culture solution (me-L7Y.

Table 1-2. Calculated n/w values of strawberry plants based on the
Yamasaki’s formula in cocopeat substrate culture.
Growth  Nutrient Items Water  Items POP K Ca Mg
stage conc. measured (£) measured (me-LY
a 20.0 y 1.68 353 3.10 1.99
1/2 §° w 3535 Vi 0.71 489 245 2.10
a/w 5.66 n/w 6.20 -2.83 6.13 1.48
a 20.0 y 2.35 4.65 4.24 2.60
3/4S w 7.99 v1 1.69 6.52 4.20 3.64
vegetative a/w 2.50 n/w 3.34 1.85 430 1.05
growth a 20,0 y 311 652 568 348
stage 1S w 9.05 Vi 178 987 488 427
a/w 221 n/w 472 247 6.65 252
a 20.0 y 5.74 1151 9.81 595
25 w 476 vi 4,44 13.32 9.32 6.67
a/w 4.20 n/w 9.89 572 11.38 363
a 20.0 y 1.68 353 3.10 1.99
1/2' S w 7.645 Vi 1.81 5.24 2.59 247
a/w 2.62 n/w 1.46 0.76 1.25 1.22
a 20.0 y 2.35 465 424 2.60
) 3/4 S w 16.47 v1 2.39 5.96 3.70 3.30
reproductive a/w 121 n/w 2.34 437 435 246
growth a 200 y 311 652 568 348
stage 1S w 21635 W 323 831 513 453
a/w 0.92 n/ w 3.12 6.66 5.64 3.56
a 20.0 y 574 1151 9.81 595
25 w 11.425 Vi 6.45 15.40 10.13 750
a/w 1.75 n/w 5.20 8.59 9.57 4.79

Z ¥ See table 1-1.
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Table 2. Effect of different nutrient concentrations on the growth and yield of

strawberry plants using
Research station in Japan.

the nutrient solution of Nutrient Horticultural

Nutrient No. of Leaf Leaf Petiole Fresh Fruit Soluble
Substrate éongn Leaves length width length weight weight solid
(cm)  (cm) (cm) (g/plant) (g/plant) (°Brix)
%S 42.0 6.1 6.2 169 38.58 14.66 104
%S 35.6 8.5 7.2 144 30.42 1451 11.1
Perlite
1S 448 8.4 7.1 159 42.09 1547 10.2
2S5 41.0 8.2 6.8 13.8 40.74 9,72 99
%S 344 6.9 5.7 11.3 18.80 7.65 10.8
%S 39.2 8.7 7.1 156 34.17 14.78 11.1
Cocopeat 1S 376 89 73 179 36.45 1361 119
2S 30.6 7.0 57 125 23.56 11.53 10.0
Significance
Concentration NS * NS NS *% NS *k
Substrate NS NS NS * NS NS NS
Conc. X Sub. *% *x NS *% *% NS *%
NS,‘,**

Nonsignificant or significant at P < 0.05 or 0.01, respectively. The

values followed by the same letter are not significantly differant according to

the Duncan’s multiple range test (P < 0.05).
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Table 3. The concentration of macronutrient solution for strawberry substrate
culture developed by SCU and Benoit in closed growing system.

Nutrient Growth N P K Ca Mg
solution stage ——— me/ ¢
’ Vegetative 8.0 27 3.0 3.0 25
SCU? stage
i R ducti
Perlite eproductive 10.0 3.0 58 30 25
stage
Vegetative 79 33 20 4.0 1.0
SCU* stage
Cocopeat ;
Reproductive 95 23 44 44 25
stage
Benoit 65 10 29 2.3 0.7

’SCU :nutrient solution of Seoul City University for strawberry substrate
culture in closed growing system.

Table 4. Effect of each nutrient solutions on the growth of strawberry in
closed growing system for perlite substrate at 49 days after transplanting.

Leaf Leaf  Patiole Fresh Fruit Soluble
length  width  length weight weight solid
(cm) (cm) (ecm) (g/plant)  (g/plant) °Brix)

Nutrient Nutrient No. of
solution Conc. Leaves

%S 30 9.8 79 173 331 93.8 7.6

SCU 1S 74 11.0 11.0 220 114.1 87.8 10.4
25 42 11.0 89 18.0 66.4 574 8.4

Benoit 1S 45 10.0 95 19.8 49.4 70.6 9.5
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Table 5. Effect of each nutrient solutions on the growth of strawberry in
closed growing system for cocopeat substrate at 49 days after transplanting.

Leaf Leaf Patiole Fresh  Fruit Soluble
length width length  weight weight solid
(cm) (cm) (ecm) (g/plant) (g/plant) (Brix)

Nutrient Nutrient No. of
solution Conc. Leaves

%S 30 6.9 56 15.2 148 48.8 3.1

SCU 1S 63 10.0 85 20.1 64.8 64.8 103

25 73 9.8 85 18.9 64.5 49.2 106

Benoit 1§ 34 9.8 87 174 32.8 62.2 99
°lg 23l

(1) Benoit. F. , 1992, Practical guide for simple soilless culture techniques,
European vegetable Research and Development Center. p. 34 ~44
(2) o] &, 1997, QA u)-E wix], FxFAAufAFE] A 02(1) : 14~28
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