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CONFIG/EQUIPVIENT /IRRIG /DRAINVALVE | 19 CONFIGURE / IRRIGATION EQUIPMENT
'DRAIN VALVE FillStateON StandStateON | Diruin Valve Fill et StandStse DeninState
[016fI0]  DrinStacOFF
CONFIG/EQUIPMENT /IRRIG /EC | ON ON OFF
RECIPEEC P30 HS | TOON ON O
[016i08] MesCycked Flowlnfl:YES _
\CONFIG/EQUIPMENT / IRRIG /il DRecipe 1 2 3 4 5
RECPEgH PO WS | ——
[01008] MeasCyced. FlowdnitYES IECPrePFactor 100 100 100 100 100
CONFIG/EQUIPMIENT/IRRIG/EC PRECONTROL | 4EC PreFacor 10 10 10 10 10
RECIPE EC_PreControl P30 105 ISECPEMesCyce 4 4 4 4 4
[010f] MeasCyckesd. FlownflYES 6FCPreFlowinfie NO NO NO NO NO

CONFIG EQUIPMENT/ IRRIG/ DOSING CHANNELS TECP Factor 100 100 100 100 10.0

DCSE CHAN Sohtubone ACTD InjFRECY SEC T Factor 100 10 LD 10 10

[O1aiDE] MinFi0] Mads30 Tomed OECMems(vcle 4 4 4 4 4
CONFIG! EQUIFMEENT / IRRIG /RECIPE 10EC Flow Influe. YES YES YES YES YES
DOSECHAN RCI RC2 RC3 RCARCS RCA RCT RCR {11 pHPFactor 100 100 100 100 100

[
2pH1Facdior 10 10 10 10 10

|
|
!l]pl—]h-‘[eeEL‘}'de 4 4 4 4 4

|14 pH Flow Inflee. YES YIS YES YES YES

[01ofI8] 10010000 0 0 0 0

15 Dioeing Chennel 1 2.3
& Solution ACID  EC EC
;IT!r[ium'r'}-m FREQUNCY PLS PMP PLS PMP
[EMinPukeLength 02 035 05
1Mo Pubelength 02 25 25
20 Time 4 4 4

PC Configure Overview(PC +A 3}H)
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|21 UsewiliRecipe! 100 100 100
D UsewithRecipe2 100 100 100
B UsewithRecipe3 100 100 100
. 24 UsewithReciped 100 100 100
!:5 UsewithRecipeS 100 100 100

| W UsewihRecipes 100 100 100
i UsewihRecipe7 100 100 100
| 28 UsewithRecipe® 100 100 100 |

<PC Configure Overview>

- Ebb and Floor X & A}gg 49 HH—’FH&EQ T4

- FillState= floor =+ bench(
StandState= |-¢-7] "B 7} &3l
= 294,

- Drainstatet= A-%-7] =& th7](stand) FE)7}F ofd wle] =29,

- EC, pH, EC Precontrol 52 AA& a3 vigxel uet =8+,
- P-Factore EC(d7]4d=%), pH, EC Precontrol A Ao v & AE YEFY
e gk AA S Aol o] Aolol] A A o2 HHste] FAeH HES Ao]F
- I-Factore= EC Ao 9] #&lxto|ry. AAg ghat AA| S43k Abolell zkol7} A+
AlZEe] Aolol whel F T H &S 3

- Measurement Cycle(57 Ato]2)& Feflo] whpol F=dd 5 Aol osto] S4 =
W 7kA] Al AlZbolth o] AlZhe g Al~wle] wfddoelo] mel A A,

- Flow-Influence(r& 9&)> ECE %

401' fg
%
::]‘
5
=
l T
fl o
24
o
f
%2
rl
e
JE
o
Ru)
alts

T i

o

— Minimum Pulse, Maximum Pulse, Cycle Time 59 282 @A At&3ta A= A
o 2Ael wel G| F. Injector Type AH o= AES Ao WS HAAT4 T/
Ao} A,

= Pulse Pump Control (2 HX o)

A7re Fd o] ol wpet Ho HolE Alojdh HIME o] A% we HA
Zo]7F Minimum Pulse(H 2B )0 AAS T = cxpeh 2A F(F29 HA dol=
S col=y Haxo Hdgto] Y & FAFFo] AR AzdE w7t A= A3t
?). Maximum Pulse(Hd] Z2)&= &d &5 v]&°] 100%Y ol ZF AoAALolEo =
T Ue Hdl 2 o]l Times 3 Alo] Alo]Foll A= AIZF Ao mA S|

of g el SRATow AAd Folof §.

» Frequency Control (34 A o})
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FuFAlol = H7EeE F o] SFofl mEba H o] AE Aot WHY. AT
FAMe FFE A B Alol9] FHAo] A Ha uHS MU e obF Foli.
Minimum Pulse(H A8 2~)= 2 H29] Zdolo] Maximum Pulse®t Time ©] Ao
WA AR5 A o E

Analog Control (e}bg=21 #|of)
old=a &9 AJS GAFF vl g w g Aojsh
o] A2 Configure/Equipment/Analog Outputell 4] A A &

WS ol R &H

-

-
==
=3

Servo Control(A]X. #]o])

o] FaEke mela] =lAwHel dEE& Aojste WA Times A WHE7}
0% XA 100% YA7F4] da]=d A285E= A 7HE)Y. Minimum Pulse:® @B
b Aol Bg5E Ak A7k of A R o g F2Ake] Maximizerel
A AbEE A WB s F40R S

[

- Solution A& o] FFAdolA #AFol FHH= WEEH thS3 Zo] AT
T A+

 EC: #59¢ ECE

o ACID: At=(pH)E 2F7] 918t A& FdetaL
« LYE: 2=(pH)E

[e}
e EC_PRE: EC Precontrol 2243 EC Precontrol =4 33 vleo g oFlS £

[e)

= .

e Frequency Control(=3}= #|©]): ON/OFF %ol F¢l &k wel PN &&=
F7F E718E o] Whlo A= Minimum Pulse(# & H2)7F 72 35 "o 4o
oF &g

e Pulse Pump Control(2 2= 3 A o]): ON/OFF ®2]ojm
Aol 7} & 7Fsk. MInimum Pulse”} 7} &5 3 ©

2 ]
Pulsex= 7} &d 29 Hof Zoldl. Time A8 %2 2 Ato] =

5= ARHER)Y.
e Analog(otg21): A8 FufsEel opbd2 7 E3 F(Analog Output chip)o] 2 &
T Ade] o E I Feo] AAHE. & THFel S 9 AYE 1|
g sto] 7kt

* Servo_Control(A B #|o]): o] F 7] 5. Open 80| FoJAH ¢ =+
o] F718ka Closed &8 0] oA 7F43 s
A3 23 AeHolA s ¥ w7bA] A= ARkl H.
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B7F 49 g de H4 ARFel™, Maximum Pulse A4 ARE8HA] &5

» Servo_Close Control: &¥°] + 7} 5. Open &3] FoAAH Fll F55Fo]
57tk Closed &8 0] FoJAH 7HA3%H Time A4 #2 AR(EH)7F 443
G35l Aejell A ks8] ™ wizbA] A= Algko] H. Servo Close Alo] W2 ol A
= 5 Afo]Fo] TRHEW BE ARE] @3]/ H. E}o g AbelFo] AlEE
 FFAl2ES WA ARE A AR wA0A & & 97 HEE 7HEet
T Aol ES Al AL

-2t B3 Al iakel 54T 0T

H
Use With Recipe(8] &3 AF-&)ol A

o
.

I 4= glom o] Fto] 02 HAEW 11 FF

Ade 72 wame] o8 AL ax &A B, BIFALL oA 7 wjeme] o3

FAew Agolt A, AA gkl 07 100 Ao H ol 1 FFAES 1 gt

wol o)F A BRAoRY FAY & A ¥
e

Fill State, Stand State, Drain State: OFF =+ ON

P-factor: vl &AL PID Alojoll Al AA 2 A4 EC 59 Aol #34.

[-factor: A& Ak PID #lojoll Al AA & A EC 2 zkolef w3k & oA

o w3k gl ey,

e Measuring Cycle: 552 ECY pH %5 |

* Flow Influence: Yes == NO - SA S o] & a2 &S vA =4
AFE EAL

e Cycle Time: 959 ECY pH 355 =4

e Solution: @A FYstiL Y= Y FFE EA

* Injector type: ©] & AMEoNA AREsta = FU7I WAS FA

e Minimum pulse length, Maximum pulse length, time: =

e Use with Recipe: 0% W= 100%

53

et
e

Fgotol 2o s F2E, 4Yd, ALUAE AHe) ME a7

’

o Mo

db iy

O #Age] A% BAo] g AR A4d 9 dx F5% A3
S e xR ANA B2, SR, A4S 5 AN @
el A, wE A, mEAN 9 oA 5 Pere
FelAujs A4 ol A w7} o] ol

|

N
o
)
=
ok
% o
k1
52
rlo
g
o,
N
L
e
2
T
=2
%0,
2
s
N
Lo
o
o
2
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o
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ofef 1HL o] Al
-d-DE e

al

A

(A)

Lettuce shoot

Lettuce root

Exponential

10 -

Linear

¢
i’
’

4
4
s

fr
E
=] 1 1 i
£ 40 30 40
£
o}
£
5 (Q) D)
2 Tomato Bell pepper
@ 500 1600 Pepe
2 Tow“ r Tatal ﬂ
2] 7 d
T ‘,’ H Senescence 't'
| g Fo [ \)"
¢ A b Expon-  Linear
L gd 7 ool PI ",' ..ﬁ
g et Leaves
250 +  Exponential g 2 saves S ~‘,-£
4 # :
4
\ ’ Frult
T [
| a0
- oo = B
g FrldA S FEETd 712 FrldA S Wi g m-1
[e)
.
(A) 8)
'IU 16 0.2 il 04 0.04
5 Lettuce shoot __/P : 40 Tomate = ~g o
E - N ./ - E aN /’, e : '5
2 [ ok E 5 [ar 2
2 / ® o oK ps 3
;] =P @ §o2 7 002 &
g 3 g s 3
= N s
B GL B a QL
o - o -~
z 2 0‘030 70 110 1500'0D
DAT
(©)
7: 0.4 0.03
Foby Bell pepper -#=- N v
E =P =
=2 0.02 B
@ @
x 02} =
g g
i y 0.01 3
& b
: 1/ Y 2
® 00 . i i e
z o 100 200 | T
DAT
<F71E A S s
o 5 o~z o o == =
AEdAE Fastes 192 7 2 4o Ao
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-

o|7F . et ATt A= gk A, AR YA, ofukAby] T AR G =

AE FHRA R AE Aol A&akal 9lom, o= DB F= = 7)E9
saAl2go] DBE 8% F d=s: AAHA g Aol ASld]

- oln FEIZTHAANE Fo AAF AE gk FHe] Ao wete] “AlH[ A
2 FAerexA Z2aR7S Nt Bae v S

- HZode FAAME st AR FR7F AL lom, AR F8 A, st
AW, FH7|H] ATEEe] FEOE AL e vkeh o] 3k A A
2 (FA A= v E3) closed cultivation system)2] 7)ol HQ3le] 2 o
THAZE AHE AT Ft

- AR ANT U BN FFRE FE A
Hom ANNHL FHe NFOR B, HE

=2 ek

=]
- weld ZER DBl Pedy olee A EnE, 2
Ul 7715 3 dES FUdA R dd V|ES UE
- EvlE Au) Al A EAY FUE e HEA s 7

AR A S e AR £
OEdAs (%)
- Nitrogen (N) 2.80-4.50 <2.00
- Phosphorus (P) 0.30-0.75 <0.20
- Potassium (K) 2.50-4.00 <1.50 vegetative
<2.50 fruiting
- Calcium (Ca) 1.50-4.00 <1.00
- Magenesium (Mg) 0.40-1.30 <0.30
- Sulfur (S) 0.30-4.00 Not known
HZFd A (ppm)
- Boron (B) 25-100 <20
- Copper (Cu) 5-20 <4
- Iron (Fe) 40-300 <40
- Manganese (Mn) 40-400 <30
- Molybdenum (Mo) 0.1-10 Not known
- Zinc (Zn) 20-100 <15
<HEAYW B4 F71s 3 ML
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O =ols A A ST A2AN Fo1E g 47 9o
AL o
Tr1da T Miﬂﬂ
gZFda AEFY %
- Nitrogen (N) 4.5-5.0 3.5-4.0
- Phosphorus (P) 0.5-0.8 0.4-0.6
- Potassium (K) 3.5-5.0 3.0-4.0
- Calcium (Ca) 0.9-2.0 1.0-2.0
- Magenesium (Mg) 0.5-1.0 0.4-1.0
Sulfur (S) 0.3-0.8 0.3-0.8
] = AE%9 ppm
- Boron (B) 33-60 35-60
- Copper (Cu) 8-20 8-20
- Iron (Fe) 50-200 50-200
- Manganese (Mn) 50-125 50-125
- Zinc (Zn) 25-100 25-100
EvtE $718 A4 o>
O #FAgdaa(gzezh) Aul Al AEAU 7715 e HHAQ0 Jd 7])F.
T4 7= 899 By
= AEFY %)
- Nitrogen (N) 3.00-3.49 3.50-5.0 >5.0
- Phosphorus (P) 0.18-0.21 0.22-0.7 >0.8
- Potassium (K) 3.00-3.49 3.50-0.5 >4.5
- Calcium (Ca) 1.00-1.29 1.30-2.8 >1.0
- Magenesium (Mg) 0.26-0.29 0.30-1.0 >1.0
u] el A E%9 ppm)
- Boron (B) 23-24 25-75 >75
- Copper (Cu) 4-5 6-25 >25
- Manganese (Mn) 4-49 50-250 >250
- Zinc (Zn) 18-19 20-200 >200
<HAGIF FrE A4 D>
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O F87] o5 EnlE Auj= 3 Hj=sa] 2 =312 ol Aguo] A Fr]Ls 5
T % oo g wo PR HA Fx
sk FAAE =g Gl TAR e E
EC (dSm ) 2.6 1.6 4.0
NH; (mmol-L ™) 1.2 1.0 <05
K 9.5 6.5 8.0
Ca 5.4 2.75 10.0
Mg 2.4 1.0 4.5
NO; 16.0 10.75 23.0
SO, 4.4 1.5 6.8
HyPO, 1.5 1.25 1.0
Fe (umol-L ™) 15 15 25
Mn 10 10 7
7n 5 4 7
B 30 20 50
Cu 0.75 0.75 0.7
Mo 0.5 0.5 0.5
<EVE FoaAuel A4 94 vE 4 2R 474 >
O 2T Qe & 93 vk 2 3512 FAaufe] A FrjdAh v 2
gk wre TR HAY T
H] <= 3kA] ok ol Zjj ) G=8h2] oF ol A THR ol
EC (dS m ) 2.2 1.7 3.0
NH; (mmol LY 0.75 0.75 <05
K 6.5 5.75 5.0
Ca 5.0 3.5 8.5
Mg 1.5 1.125 3.0
NOs 15.5 12.75 17.0
SO, 1.75 1.0 3.0
H,PO, 1.25 1.0 1.2
Fe (umol L) 15 15 15
Mn 10 10 5
7n 5 4 7
B 30 25 80
Cu 0.75 0.75 0.7
Mo 0.5 0.5 0.5
<FAgnF FaAue] 44 F92 e 2 oARe] 44 %
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O =27] AuE 93k 2dF9 HA Frlol Fik.

o] e 7] %= (mg/kg, ppm)

e o T& 7hs = AW 29 = uf) §- 5
Nitrogen—-N 0-39 40-99 100-199 200-299 300+
Phosphorus (P) 0-2 3-5 6-9 11-18 19+
Patassium (K) 0-59 60-149 150-249 250-349 350+
Magnesium (Mg) 0-29 30-69 70+
Soluble salts (mS/cm) <0.75 0.75-2.0 2.0-35 3.5-5.0 5.0+

<E7) FAzfnje] @R A FE>
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LG = Sy | pE [}
O w38 24 F2 JAF2 &7 Entes £36to] F 1452 AmzAS Hesd
g 1dE wnAelis 8267 e) FAS 2ASe] 7 47 Auzd 2 Fole A
29 $Ee TRANAed AEnnAe Fol FEaA Bol 2AH WL QG
2 YR AAHGSAAEE IS BTG 5 9L, ol e WP T £
At U2 1xpd R AAEHAG HE F 53] GFENE AAstY 7 A=, A
e A, 2% 55, wfj ], @] S5 pH, EC, ¥os etz &S ofefioh 25
g2 |0 |e=|e= =) #u3s | pH EC el
4 2]
! Alg_é]’.,-zﬂl%ﬂ F760d (H-=71):
= 69 712 200-350mL, 0.6-0.8
9] cv. |27 SelEEA aesds) 7oy, A F o} A 5]
s Huk AT s 5 2] o) A 42287 60-120Q (32271)
- 400-500mL, 1¥ % 9-1.0
53] 1208~ A dE57I(
A7) 11-1.2
SN ENTEY 917 (0.26) 23/ 6261 4065  |@manEz
-‘71 _I_E_E_/_:/-\—‘Z_ljal—o]_l_i_ }\] H] }\] ) 5001 A A
. 0.6 A3 2} =] +H Argo and
v |3 Y o2ompo-ro) TRLEAA | 3:/% sodels 60| 112-208  Biembaum(19
kg% 50g 43] W& 40% | -6.3 96)
v 199 ie-os| o5 [PIUAEETE me 20-30% | 63 0812 Hoaglandand
g8 ord g%gt}%%%
E OD gt = = = H A
IR 459 |5oksgl oo Al B00 x 15 0 TR 556, 31 32 91 A oF o)
CV. [ 1/245 675 5cm 6‘]——1[1 o olo} 140 520mL, H —VEIO 5 19 N(218 SmgL
‘?rqj:_" - 7. . B y NI 7125 ) -_04
" Korea) ], 1IN)S
71
EvlE ] coir, peatmoss, W& Z7| 63,
Cv. ?5‘;%% 16/522' red clay (20%) + [&7] 93], 7] 12%],| 65 2 gz{;}ﬂm
up gl | T peatmoss (80%) =9 100mLA &+ e
IF cv.
'Yeontaseo o] o] & AF ; REE ol &hu
a2 s Mineral Cou "4 a0t g Hoagland
(Cagls,lcu A 16-26 6()*70Ltd_’ Jincheon, Dol 13], vy 2115150 ron,
e Korea) 20-30%
annuum
TR
2.0] cv. T0F18 I,:lo TP e Zeer 150mL 3.0 ofu}2}7]
B ojo} -28/ = - A AIF 20-2302 | o ooy
7] 12-20 é}%ﬁoggggs 113192 F9 Wz} aa o [eeluel
193
%{im )*3
o 2010),
Ed;i]"—% 8;2} )Eg} ) ] NS
T -5, =0) ® o _
e PO g ogle0-tofel e e 3x  JRECl 29 199 65 1 N
8% [-1.0g (B & A2k, &) K2.0,Ca2.0M
3.5 H& 21.0,504-S1.0
me/L,
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A EEES

eh -9 Gl A% F8

2

O A8 9ol 249 dadze 288 98 Ane Mede) 25 2 U
O #8 A 72 A7 W), BolES Teae] guanse] Fax4 685, 1l
AL A 68FEFE AYSE S 1AEdE HiuAd = 26H 2 £ FALste ZF
Ame) Auzd B gl Az 428 FRAAe AFnaAe) Fol Hra
Wol AR Y83} Q&S gulE A (1A E RuE Fad ¢ 9l
&), ole} e o g ARG U E YuE 1A Z AAEHAY WE T T3] ¢
FEuk A A g
5[Ca(NO3)2 o
KNOs Ca(N05)2-4H221125C])N114N NHiNOs | KH:POs [MESQL7H2 |y 1,p0 MENO926) 50, | HNOs HLTL;TQ
me/L |mg/L| me/L | mg/L me/L| mg/L |me/L|mg/Lime/Lime/L| "/ | mg/L ime/Lime/Lime/L|me/L|me/L mg/Ljme/L|mg/L|me/L| ™/
Tl
3OT 1| 48| 7.00 077 5.00 | 590.4 [0.00| 0.0 [0.00| 0.0 |0.00] 0.0 [2.00| 246.5 [2.00|76.7| 0.00 | 0.0 |0.00 | 0.0 [0.00| 0.0 16.00/1:52
el
EE,‘_’} 1| 4% (5.00 505.5 4.00 | 472.3[0.00] 0.0 |0.00| 0.0 0.00| 0.0 [2.00| 246.5 [2.00|76.7 0.00 | 0.0 [0.00| 0.0 |0.00| 0.0 13.00/ 130
BE]
. g =
1) eh | 7.00 [707.7] 4.00 [ 4723 [0.00] 0.0 |0.00| 0.0 [0.00| 0.0 [2.00] 246.5 |3.00 11510.00] 0.0 {0.00| 0.0 |0.00] 0.0 [16.00/1:5*
o
E)]
7t 1;{31} 7.00 [707.7] 3.00 | 354.2 |0.00| 0.0 [0.00] 0.0 [0.00] 0.0 [2.00| 246.5 [3.00|{112-[ 0.00| 0.0 | 0.00] 0.0 [0.00| 0.0 [15.00/1:42
;(I 0“ . . . . . . . . o . . . o O . . . . . . o 3
]‘fol 5/0.000.00| 0.0 | 0.00| 0.0 |0.00| 0.0 |0.00| 0.0 [0.00] 0.0 [0.00] 0.0 |0.00]0.0|0.00| 0.0 |0.00] 0.00.00| 0.0 [0.00] 0
W || okt o - 153 1,95
S| 1 #71]6.00 5066 7.00 | 826.5 [0.00| 0.0 [0.00] 0.0 [0.00] 0.0 [3.00] 369.7 |4.00|'5>[0.00| 0.0 |0.00] 0.0 [0.00{ 0.0 [20.00("§
O 7w 2o 24w daes 24¢ A9 248e vagel g Be v
Z}U HH oc}:o_ﬂgl NO3-N NH4-N P K Ca Mg S
= ==
o me/L | mg/L | me/L | mg/L | me/L | mg/L | me/L | mg/L | me/L | mg/L | me/L |mg/L| me/L | mg/L
Q2 o] [(AHEN 12.00|168.1| 0.67 9.3 2.00 | 20.6 | 7.00 |273.7| 5.00 |100.2| 2.00 | 24.3| 2.00 | 32.1
EntgE|dadg 9.00 | 126.1] 0.67 9.3 2.00 | 20.6 | 5.00 | 195.5| 4.00 80.2 2.00 | 24.3 | 2.00 | 32.1
- | Q on
FE1F ?ﬂﬂzﬂo?—, 11.00| 154.1| 1.00 | 14.0 | 3.00 | 31.0 | 7.00 | 273.7 | 4.00 80.2 2.00 | 24.3 | 2.00 | 32.1
7F A 0.00 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 | 0.00 0.0
3 W ofupxEZ]ed] 9.00 | 126.1| 0.83 | 11.7 | 2.50 | 25.8 | 6.00 |234.6 | 3.00 60.1 1.50 | 18.2 | 1.50 | 24.0
el 2 ] < 3T
Ot'%” DIMNE N 1600(224.1 | 1.33 | 187 | 4.00 | 41.3 | 8.00 [312.8| 8.00 |160.3| 4.00 | 48.6 | 4.00 | 64.1
R
FAF|FEH)[11.00|154.1 | 1.25 | 17.5 | 3.75 | 38.7 | 6.00 | 234.6 | 5.00 |100.2| 2.50 | 30.4 | 2.50 | 40.1
A = |ofubzEz] e 6.00 | 84.0 | 0.50 7.0 1.50 | 15.5 | 4.00 | 156.4 | 2.00 40.1 1.00 | 12.2 | 1.00 | 16.0
Ao o2 (oA
—'_]—,:li’_“ ;]HE)L, 12.251171.6 | 0.00 0.0 3.75 | 38.7 | 6.00 | 234.6| 7.50 |150.3| 2.50 | 30.4| 2.50 | 40.1
2} T %%(HHOJ:
2 m) oy 11.00| 154.1| 1.25 | 17.5 | 3.75 | 38.7 | 5.00 | 195.5| 7.00 |140.3| 1.50 | 18.2 | 2.50 | 40.1
N
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Uhermcal lrorm availahle Ammual
Flemeni syt biv prlnis MNuirient solution Plani tissues consm plion
Macroclemenis mg [." pkg! kgha 'y!
Calcium Ca Cat? $0- 2040 2094 102000
Magnesium Mg Mgt 10-50 1.0-2.1 450
Mitrogen N NO,  NH,*' 50-2040 10-56 50300
Phosphorus | o HPO, 2, H, PO, 5-50 1.2-5.0 5-50
Polassium K K' 50204y 1464 H-250
Sulfur b 50, * 5-50 2893 6-50
Micromulriens mgl. ! pee ! gha "y !
Bearon I HyBOy, HIBO, 0.1-0.3 1.0-35 S0-250
Copper Cu Cu', Cut? (06 -0 23-T7.0 33230
Iron e Fet?, 1et? 0.5-3 53-550 14000
Man pancse Mn Mn . 1=1.0 S0-250 100 20000
Maoly hdemum Mo Moy, ? 0.01-0.1 1.0-2.0 15-30
Line n Intd 0001 10 104 S0-500

AExAoA el dedise w2, 2ga vid HoAsks A8 e us Ao &

- 1909 ll, E.A. Mitscherlich (1909)+= 2] & 9 Y& 9]
S 2 e,

o el 3 FF AdxE T2 AlRlet e W BT 94l

Aoe HE AArs
=z

A% F7hsh wlelste] A el

o dAFES = MAS = E R uk Z=7hE
Alu] el vl Elsle] FUbskA] @evhal skgle g 22 Ao =2 ek
dy/dx = (A-y)C (1)
o] AoA yi A xt AT Y, A EE A AT 8NES HARHNoE x4
A S W AA HE FASTE C AEA Al wel GeR = vddrd
o 9] A2 uFy o] Wy 5 5.
v = A(l-ecx) (2)

o] FAeNA C #e 9

B

HE ohE N 0122, Pr 060, Ki 0.4 (Mitscherlich. 1909).

- Mitscherlich o] $-9] B2 AFAEC ot Co= A A gom, A& u] A]7] <]
NNEZ2HAE 5 gt 2QEe o3 Waldta A
o S5AALRY C 2 7|5l wet mgtEolof atw, olf NdS = o] A
SR EAEE A= o 488 = s
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‘(lieCH X n)

y = A(l*eﬂ X l)(I*GTZ X 2)(176703 X 3)__

R84
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do])]

F [& (cm *2)7'h™']

=

F = Faax X (Cr/Km+Cr) (4)

E(cm root) '*h™he]al K

.

1

Oﬂ }\‘] Fmax
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F(Joiner et al.,, 1983; Steiner, 1984; Wright

<
=

ZAE Ha

and Niemiera, 1987; Sonneveld and Straver, 1994; Schwartz, 1995; Nelson,
1996, 2003; Hanan, 1998; Resh, 1998, Adams, 2002; Sonneveld, 2002; Jones,

2005).
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(Savvas, 2001).
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(A) (B)
Lettuce shoot & Lettuce root

[
Linsar ,’t
£
#

\ /
10 7

20 40

8
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g
i

DW accumulation g m™2)

st & AeAl A8 27 3EAF DA GPEASEEE A, gae |
o1& HFHAH F4% w3y F/HE verd 157k GEAFl dhstel fsh
4832 nelshe] FARE Bol AAS Urh>
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FEFAAA AFEAS nelste] FAG wFe 24>

Cinoath phase N ™ K Ca Mg

Strawherry in grecnfouse

Transplanling 556 225 454600 G-TI 3540
Anthesis and first froil wave TO-85 2-25 TG (L1 45
Second froil wave BB 2530 RO LY 45
Third Truit wave BI-H5 25-30 B0 1] 45
Fourth fil wave S50 25 5560 B s
Surmmer sweel pepper in greenhowse and nel-howse

Transplanting o bloomings S SO To—Hlk

Amnthesiz o fmuil growth B0 1 011 IO 1200

Fruit ripening and harvesting 10O0—12600 OH0—1 20 [40— 1

Fruit harvesiing 130150 i 30150 | B2

Fall-winler Lol

Tranzplanting B0 JO—4 [ 20— 140 180220 4050
Blooming and anthesis 120150 JO— 180220 230250 4050
Fruit pipening amd harvesting 1 R0-20KD 3040 2250 180220 -5
Fruit harvesting 120150 JO—4 [E0-220 180220 4050

N
X
r
)
e
o]

s
=2
gl
o
ofl
o
=)

H(ED Aol A o] gst= N W R:

- NHs"¢} NO3 7} dAm& 913 2 N 24,
* NH,/ = del2224 NO;y 2 W3s v, NH -N/NO3-N Hl&o] 52 ¢S A
Hjstol = 5 NH s =7 v w2 <lo] .
o FeAgulE BEE A A FEHo] BE => NH 5 E7F A8 pH
oF 28 Ayl & JdFS v F.

- NH "ol 4 NOs™ 29| 4tsh= 5 @A 44

(5) NHif(ag) + 1.50:(g) <=> NO. (aq) +2H*(aq) +H-O (Nitrosomonas group &
AR Yo} Abshat).
(6) NOz (aq) +0.502(g) <=> NOs (aq) (Nitrobacter group< %3t o}d4kdd
2bshat).

- NH,"¢] NOg =29 qhstol]l &5 mxl= ]l




4%+ NHy" 4tst= Rt NOy~ Abst=o] o

= O
e 2 W

NH," & =7}

H7rd

Fg el A NHy o] o]0 24

4

5~10°C " 1l A]

Abshito] AeoA o

A2

)

3}
=]

3 oF

Al 1]

3}

;é]/\

o] wrolH,

(NOy— Ab3}it& NHy' AbshatH o A4

g2 v

Jo] #)(Russell et al.,

2002).

pH

NH ol A NOy 2] AbstatA el of
T ALEER A H77F pHE 9 S5 31, vtobxl pHel 9]

o A,

il NHy" 2] AF3}7}

9

pH7} Yrotd u vy =g

—Z = -
ST

- A W g

.EH

-
_E.h
)

B

A

=0

=]

A A Hel
SR O () A% g

o] o, of ™A e

(Moorby et al., 1984; Gahoonia and

v

s

A<l
=]
=

J
H

pHel ZHAQ1 Fas 7
Nielsen, 1992; Gahoonia et al., 1992; Marschner and ROmbheld, 1996; Taylor and

Bloom, 1998; Bloom et al., 2003).
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i

e |

€T

& Pa NH,*-N:total N
iz

[ £ -a— 015
¥
6o i s BiDb
&
/ -0
[
5_5 JE: I VU SN TSN TN W W W TN TN [N W —_— ———"
i] 1 2 3 4 [

Distance from root {mm)

<A (Brassica napus) ABIA] & AJH]E N &5 NH,*-N w] &3} ¥
pHE| W AHLE ZES AA &2 EYS] pHE UEE)>

e =RE A wE

- o]l Al 7kA 71ztel ofsf ofr]E pH W3te] A= wjA 54, WA &4, A=

4 aga A aRlEd wEk ey
- NHy" F3AddA Fziy 44 &5 == NHY'

|
= v
A => pHE Ao WEAZ => vtobxl pHYF v Ekel 2 Aol o8 #714

A Gl & S5 A7,
- ¥ % (Ozothamnus diosmifolius, Asteraceae)g & Al
AR E =7 AR pH WEte] M S e,
o AR HES 1AW NHy & Al¥Eh= NH 9 &
ol A= ]lol

o pHE AUl ® N WRe] FHsh Aul 8 S R 2 JFS 0.
(e]

g [e} sl
c Aol ZAECl b ME S TF] T > NH FHUo
=

sk s Zdlshel ele] pHrE SrobdE 1glo]

SHA N W9 e

L F7F => <95 pH7t

O

ol\

H(412 oA,

o Aol A sk Wvjgede) faw NH AM[Fe] A ofA]al uf o

pH7F 348t 8<
-G N AH] EE e Ryel w3
a3 A7ke Faket wak Aol
. AR pHAF At 2 el
45-802) Wel Wel A pHSt % 7B A

o W APl AHA FFL vANA BAW, B FR

ﬂ_
o

7]—;<4;<4 o7 /\gxl—oﬂ oS u];g_
o T AATH AT AL T AE A pHO Hud
o] => E%9| o}l &= pHell 2 o o

=
1979; Marschner, 1993) THE pHYF =5

d |
o] &kl FEFe wAL

AZF F2lsh Y+ Zn
(Barrow, 1993; Lindsay,
o2 7Zn A¥o] ¢y

7} Y3k,
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13 NHy NO; =N H[& 2oA F Al

=0
=

15;1 Z70l 4 NHy NOs =N Hl&S ¥H3HA

(A (B)

MNH MO =111
h"“ P e

o B[
3 " A i PEEEEI | i 3 " i i i
0 100 200 300 0 100 200 00
DT DAT
M (mgL™"} NHNog
=d= 25 == 50 -#= {00 -&- 150 =&= 31 =@= 11 =B-13

F A Al Aange] SRk AnleEe]l W AR 9k wjee] pHel mAl= 9

)

~y
o Z
o
<
v

(A {B)
— 15} s R
R 1.
= | =
o am
(a8 - e
2 } 2
= 10} = 10}
(=] [m]
i 3
= e
05 05 e -
a0 25 30 a5

Leat-Zn (ugg ' OW)

<u494 FEG WA AW welel pHet ARF Ao WAA) L Al Zn T
5 At BA®B)>

NHy" =40l & =9 AggAet Al Fo]l2-Fol2 #Hd

- AEXAA Fol-gol2 #FL Fad e v gAY {7 BE P02 E
of oJg FAH => N "= T/ & &S T (Marschner, 1995; Mengel and
Kirkby, 2001; Epstein and Bloom, 2005).

NHyt W25 AH[std olah dreld e dole 5 #2713, NOs =

2

B EFE f714ke] 8] FPo] wao WNHel Z
= g 7)ate] g1,

29 LE7 BAG A%} B2 0, NHA8 522 A shd A2 543

ol yeld(Kafkafi, 1990; Forde and Clarkson, 1999; Adams, 2002; Sonneveld,

2002; Britto and Kronzucker, 2002).

Ty NHy+ 549 A4 dole Bigstn, &8s 7| 2te] ¥a A4

’

tnf} ]I,]o{n
N
oft
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[

?L'
=)
1
i
-
)
=
o)
i
p
rlo
Ho




(Britto and Kronzucker, 2002).

Mg 50, H, 0,

Ca

(meq 100" 1YW)

M source

Tissue

30

A5

6l
6

5K

20
176
)

M, *
NO),

MO,

15
20

12
20

38
17

126
al

Petiole

MH, *

15
18

41
1

£ F

162
54
o3

NH, *

N3,

Sibem

27
2

10
15

43

NO),
N, *

Bl

Source: Based on Kirkby and Mengel (1967).
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A E(Barber, 1995;

ki3

2o F7]ol F4712e o
Tinker and Nye, 2000; Hopmans and Bristow, 2002; Jungk, 2002; Silberbush,

2002).
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i i = =l

=2 %Oﬂ/ﬂ W& FoR G o) JuFel gatel o (Barber,
1995; Tinker and Nye, 2000; Jungk, 2002).

ekl gake] Azl seAS FES 54, A=Y dEFT 54 2 A
ZAo] 9SS wS-(Barber, 1995; Claassen and Steingrobe, 1999; Jungk, 2002;
Mmolawa and Or, 2000; Tinker and Nye, 2000).

o NOs3—: HeFoll 93t o]F & F4 P 9 K o]5Ado] vtar &itof 2J3k o] Fo]

=z
TR9elql.

: Irrigation
l Fast surface reaction
dsorpti
E /{a rpdicn) 1
% Excassiva rale
E Plant demand |
B e o e P e 4
2 Stow chemical F
= = == ==a rpachon e
g = Daficiency raie
= :
= - ¥ i
Chemical equilibrium
Time
Irrigation
drrr
2 Plant
£ lk “ﬂ\demﬂnﬂ lE::n::esswe rate
= i T T L
g b 1 Deficiency rale
%]
=]
=
£
=
= ——F--—————-————F—.---
Chemical equilibrium

(Nye, 1966):
(8) De = D,6f (dCl/dCs)
91 2ol A D, T8N AdE A o] 2] FA A

QA5 e

f: dCl/dCs: & A efoll A o] 2o thak wjx] Fe] I
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i, gHeeel(e)

T
2224 3] 7] 4 ¢l (Claassen and Steingrobe, 1999).

H

ol
700

7% K(Kuchenbuch et al, 1986b)x}

0.1614 042 =<

P(Bhadoria et al., 1991)¢] #2414 (De)
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o YA 849 EY e HE EES HAgste A wiXU B a7 B
Aol gekS md (Waisel et al,, 2002; Phene et al.,, 1991; Clothier and Green,

1994; Coelho and Or, 1996, 1999);
o AR ZIe R ol 8A FEFS mF () e
H¥xste dH o 4FS VA HAFHoR SFEEFT BeAd TS WA
(Lorenzo and Forde, 2001; Glass, 2002; Lynch and Ho, 2005; Bates and Lynch,
1996; Ma et al., 2001).
- HEE 84 FESEY S 2deH, AskE /A BlE2 W HER
O P skl o & 9FS U5 w3 AE ASAdd wet vizksiA deb(Xu et
al., 2004; Silber et al., 2005a; Xu et al., 2004).

y-U

1
.

Lo,
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o
s
f”
4
«,
N

2
2

1 Lefiuca & 1 WMgaton d!
o 4 irrigation d!

=
)
=T =
o

F-

& 3

e 05 1 -

; o {0 irrigation o E 03

§ o2
g 03} )
‘§ I E 0.1
U'"l ik i i A a & g & B § & & 8 B & & & & M i 5 & i 0.0 3
10 15 20 25 30 35 H 2 B H 2 B
DAT P P2
<A FOAT) 5 WEGEG/19De mhe 5ol Belsh A% vlg (W3 BdnFg s
olxk AlH] ==(Pl: 3mg-L-1 P; P2: 30mg-L-1 P)¥ #F0Ix=(1: 1Y 23]; 12: 1Y 43); 13: vf 30%
NAOR 1584 147 ASHR/APE v G vAE JT>

= ol%
gAur 4o 2

o
o
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é
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aly
ofr _1 I
AL
N
=5
1
M
=4
it
J
oX,
T
rot
1

. mEE EFE w6l A% A7 = 27)e)E Al B Qo] wiAe] F 3y
8 QA SRS AR FEAA Stebd, e AW Tl 7HgA Qe F
o] 7%
o old A71] el Bo] Eout Au) FUlo 4EE Yo ReloA B
o] robd
S L B AR P FEY SRS P Yol ST = AR
g w)go] ShobA ], A4y AT F7HE 29
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S oaf I A
(=] | ‘,1 o 12P1
o .
S o3t % o 12F2
E ] ", o 13P1
w 02f 0 ™. & w 1P2
. .

S

8. L

I 1
ﬂb L L i ' i

55 6.0 65 7.0 75

Leal-P (gkg ' DW)

SheFy) 2] /A v&o] Wal(l: 1Y 23] #v); 12: 1Y 43 #w); [3:
2

P <
308 7tAo = 1584 #4]; Pl 3mg-L™! P: P2: 30mg- L H)>

O #= kel gk o 5= 43
- sEVF A= A AdE dodE 2R V1A

o B2 9 s Y FRH Y i AFFEAS vo] T FE ]
oA = felo] H. xol= A FHE =ol7] f% Fdo] B TR s

o 54 FU|YAe 4 SR A EA 54 @A (Lauchli and Epstein, 1990).

o AT =7 AEA FIE st 29 A (Munns, 1993, 2002)

o 197 Asd o8 FREHAE] Yol (R T ARE @9 = 9F §o9
TFEIHAE Adte EY T FF4 FAd3 A4l 2T

o 20HA: LA ~FFol A SstA A E FAAES sk del do]
=atA FAw o] ezt LA

- Aol 9% AE I3 4=

e ZEWMF x}o]7} F(Maas and Hoffman, 1977, Maas, 1990; Shanon and Grieve,
1999; Sonneveld et al., 1999).

e 25 F5 F5 47, CO2 5%, 2 dfHIE] wel 2Fo]7F 5 (Hoffman
and Rawlins, 1971; Feigin et al., 1988; Salim, 1989; Zeroni and Gale, 1989;
Pasternak and De Malach, 1995; Sonneveld et al., 2004).

- dE ke 9% A& v A

i 2] 7 A afufol A F AlR]EE 949 1/3 ©o] N3 K < (Sonneveld et al.,
1990; Sonneveld et al, 2004) => NOz2} K7} ol A ujA] Eokg o SR L el Ao

A 2 dge wA.

- EC7} &7 Aujeb FAAust= 2E Aol v x+= e (Raviv et al, 2002)
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.« EQ golo] ECUt SR Ee(FEEad

. EAAN: gREe] FFo] wAW FIolW By 4 £2EA ol
Y

. WAA A F FIE T vl8o] on] BaA 4 S2Eol Falr} Hol
4.

- G EE 2T WHoRE AE9 FUHA A4 44 98-S v # (Grattan and

Grieve, 1992).

i) Frleles FR A

fl
fo
—d
=
=)
M
ofy
s
rlo
oy
=8
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=3
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wn
g
=]
©Q
=
rir
-
N
(o
B~
ool
o
o

i) Fragel ARAgl o8 54 T9x9 Frgel Asky

- Na: 2888072 Ko Ca B F 94 2% Z35%FS AstA P (Volkmar et al,

1998; Navarro et al., 2002; Cerda et al., 1995).

* CI: NO3-¢ &% AsHXu et al.,, 2000).
- EY dFrxe AARS He #ADrew and Dikumwin, 1985, Drew and

=

LAauchli, 1985; Drew et al., 198%).
o HAEFLUl B3 AAFES 27 Na 5% 9 A2 ool F7stal K
1

- FF A AA ClF NOs o Aa28(Xu et al, 2000; Wang et al., 1989; Kafkafi et

g
al., 1982; Kafkafi, 1984; Feigin et al., 1987, Heuer and Feigin, 1993).

WE, BF, @7, BrLE 5 R S4H AR 1% E NO3- Avshu @R
a7k 2

- AFE%] KNO, AH](Ben Asher$} Pacardo, 1997): EFo] =& F el o] ] ylo}
ek e @R B4 mu e,

)
N

- FTAAAA detE Aitele] AEtg dstE TRV e o A4 S
< 7F8HChampagnol, 1979; Awad et al., 1990).
- SR AAAN Ay YEFO 4348
o UHES AE AXTY A, A9 2 TR FFS mF.
o Na2 M2zt 23¥ Cas iAo Aeld& ughA| 7] CaArlH]Z Naoll 9t
s S
-4 T AHgeETe A
e A TEVFGOoWA FUYA FEE HAST B o A #EEtE yaA
o] S7+sh
o A TEIF T FTOE FSEH AEo e 2EYAE FUIYA A 9
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o
Felololn] 4B A WY

e 9 FE7F HES ™
ol A2

Optimal
nutritional

i Doficient

Absolute growth
i

e i nutritional !
. loval '

o, i
TS 1
| =, i
i -, !
| I
! S
i I "\-.__‘_
i !

Low Moderata High
Salinity level

AMFEE AH ST EE o RE@ 2how AW XA JBES AR
|

o] W X+= 9(Cramer et al., 1985)>

-9 FEVF A F4d v A= 9 ¢, Y 5 78 o Faiel we ekl
-9 T Ad F4
e WEI Eule 5 FHF A Au]E A 7] (Mizrahi, 1982; Mizrahi and

Pasternak, 1985; Sonneveld and Welles, 1988, Adams, 1991; Li et al., 2000).

.« A¥EZl Fow A 1Y, T, Telm B B ekl 7

o Py nF9 EvtE T A3 A= wla e vEo] S7FEH(Sonneveld,
1988; Tadesse et al., 1999; Navarro et al.,, 2002; Adams, 1991; Adams and Ho,
1992, 1993; Ho and White, 2005; Feigin et al., 1991; Sonneveld, 1988).

- gEns AARe F4

o g FEsb mobdW 9 AgAee] WA U MAFRE Fdo A3tH,
- A BRI B 49 9 G FFol F7h AW G g C FFE @
st
O wgere] 24

- #H S GF waAEe A FF W 543 @A 542 nelste]l Aol

SH(Steiner, 1961, 1984; Graves, 1983; Sonneveld and Straver, 1994; Schwartz, 1995;
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Resh, 1998; De Kreij et al., 1999; Savvas and Adamidis, 1999; Savvas, 2001;
Adams, 2002; Sonneveld, 2002; Jones, 2005).

o i °k°1 A g el A et FF e g9l o8 P, K, NHy, % v €
2o Aol ey
. J?ﬂrﬂi?gl T met vm FR7E WEoR s, AT deae wjd §2 9
=2 7ol HelE T oAl wAge] dcle] H.
o vl HEE SeF wEn R B U E100% &)y £t %
]

Ardae] SR & &S A FEYS vixe F4d pH W+ 50
~6.09 (Adams, 2002; Sonneveld, 2002), L&4 6.0~7.0 H9 %= F 3 (Graves,

AL 9] pH

o 7.0 o2 FAAE: Ca¥l Mgo| v HE= Qlo] #FEelel HHE 7H54d ol
wo

o 7.2 01’49l pH: HoPO4-27F HPO, = WISIH WA thE dhet A§ete] s
Age] Hjle] €.

o pH7} oW 2% mFEd i BE37 =X (Smith et al., 2004a,b) = 1] &
Aol B8312 7] 98] EDTA, DTPA 3% EDDHA¢% & ZeolE 33
=S o] &sfof 3t

v 59} pH

o WEF dEYolE FYstH pHF A5

o /Lol HAHHNO) oY JA4HHPO)S F+H3HH pHE 9H&. AHS T8t
HN e HMHHCOs )& efste] A zks 27838 oF 3t

Zg
213 o] g4 WAl b5 E B4
WSS F3A717] 1ol BES A4S sty vEas AP
g (M F Ao HPOy FEE 1.0mM o] 4ol HojME ok ).

DFA e NO3™ F%=7F 10mM o]l A7 geon= Aikol Ag a<lo
ey A AAbs Hbe A3 st B wf el A NHy+¢ A
golo] AAHE H S s oF $H(Steiner, 1961, 1984; Sonneveld
and Straver ,1994, De Kreij et al, 1999; Savvas and Adamidis , 1999; Graves,
1983; Schwartz, 1995; Resh, 1998; Savvas, 2001; Adams, 2002; Sonneveld, 2002;
Jones, 2005).

>~’_\-‘;_1‘_‘o
0 T
S
)
o

A O Lo T SN
(o]
i,

Yool e
&Moo
oﬁ o
o
}m 2
oo

o) A2 wj R Zo] 10L, A= 1L-d'e] v 183 Bu] LA 10mMe)

A7 £33 1 o] = 10%7F NHyt ¢ 2744 Wi (ImM NH, ™). 1mole NH4T ¢
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e

Aakst Aol A 2mole]l H'7F A H = A4 1L & Z1skE $3) A4

H % 2x10 *moleo] 2.

L = FAA Al EH ARGl wE AE wkg B dnj e

o B3] Falafufo A WAy slE A A (General Electric, 2005; Stanghellini et al.,
2004; Romer, 1993; Schwartz, 1995; Resh, 2001; Jones, 2005; Savvas and Passam,

2002).

- 197 1hae] Au] WD of ok 20,000m e #H] &Ho] FFHY o]F <k 50%7}
) = .

- A e N =7} oF 150 'm'Y w 100ha &4 W2l 49 10'm*e &3 15008 N
o] fag. o8 A$ v FlA 820008, & 2,000,000 £Ao] .

- 295 50m el Xl k4ol x 2000ha(>4 w2 o] 2ul)el] st a7 &af et 714
3t NO; -N F%=7F 1.5g'm ™y '2 S7ksaL, 7d ool EPA7}F 3|83k 44 7]
+(10g'm™?®)& =33%.

= @A %%6}% AR AR A P 2dst £3, AR =91, ol 2uEaE
= g

g, Wudel BEGHEl WS o] &3

o, E——— R4 =

|
ol
I

Baas and van der Berg, 1999; Sonneveld, 2000).
O =84 FAANE A3 A2d

-dg FH8A
o v %] (substrate)
o MAZFE FH o3l vjdo] AAAE = WA vjHES vl BA(D)R e
T U Al=H
o Ropxl wjdls et AFER) e FE WEY 5 e Hxda
o ¥ T ZA o FEy T v & A EF AFEEZRYH FATH A 2~H
o8 7Mras7t e s H-2oF

. A5sh Qo] WeF MRE FFT S AE A

- el Wi Aexs o] d Wdds AAD ¢ 3l
« 1= FE(Sand biofilter), UV 2 GA= E&= 3}3H4

)
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Al A zEle] BEE AsEl FAes D, wewa; P, AEIGE Folg wolng
= WE V,,, NS PR WEHES Ael WL WS O S, WA B, F2E;
W@ EQ,)0] 1T Lm wAe] FFEE ) TRT, 998 $22 0Y2e

Fogle AAGEA Wpel o@ 2% oA FA) W, NPK, MRt £3E4 e 9%
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.« ol A% BAGWV,): Lm A A Arjusrsole] Bad A4S NFL
= st 19 Bad & (daily-ET)
o) ETya=5L-m™ HFEF 4 a7 (9 2he 4 o] 1000m*S) 4§ V,=5meo] |ojo} )
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32
H
rfo
1t

Jud

T
o
fr
=z
i
>,
N
rlr
PO
o
jus)
=)
o
N
ot

% C, C, (mg L7 AGze} wiggoe] g da Fw, v
FF(Ve) T AL (V,) L-m2 WjA)ol A AAle] SR 12w ol
AE Q,L-m™ Aw-n).

O Ei/\ﬂ}\
- Alzglo| A B A Et = Fagh Z /‘ﬂ-’:t 24 (ET, Lm™ AW-h™); =
T(kg'm™ A H-hT); wjA o] EFE N} a4k Apolo] of 2 FE; MiAY i} o
ol A=A d= (DM) £ (kg-m™ AH-h™), Z22]ar Aol A He] A

—\Tll
03
r{m
ok

4y 2 rlo

HHN' R

S T

F, B, 05 93 2 o WEH o) e

@aﬁot I ETE 34 (D2 ANT + 9% (Wi 3748 B9 Folm vV
=]

=

9] 9k(Bar-Yosef, 2003)).

ol
: :l:’

ET =W -V, (1)

O &3 979 +¥

Alz=El A s e Aedtd &A(C) sk Ao AFx=(C)el des=st F X
o] =8 &2, V, ok V,)S ook g v ARE % 5 324(2)-(5)¢ BH
o w Axtste] ddole] MEE AL = gloy C & dE 5ol Ated v
I 25

dcr/dt = [Qadcad N chr + <Qg_ Qout)cg]/vr (2)

dc,/d, = @Q,C, - Q,C, - Up)/V, (3)

dVT/dt = Qad + Qg - Q,- (4)

dv,/d, = Q, - Q, + ET (5)

9 AelA U, -

1&o og Cl FF&(@m*h™); Q, = Al="d g &5

E(L'm*h™"); C, = = #H7t¥ CI° §%; ET, Q,, ¥
Q= <ellA A9 H; Q. = Qu — ET. Q, Q,, Q, L83 ET7} 44T wf, v}k
sk o g AAE (Cutlip et al., 2005).

ST

S
-uA ) el F Fa BARE
- 87 (Vs, Bol x % x ¥ol, L'm™ v ), B3 £79% FE (05, LL7, 2

Cs, g-L7) 283l =Ky, m-h™) 4.
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ost FRMEL LA (h, m) BAES Lojof

3t
S F AR B el @ PR WEwm ).
¢ WA FIEV, LLHE $AUEQ, kg LHRPE AR £ A (V, -
-p/pr, pr YAME). F8 A AR pghe ofefel Loba,
xm 'ﬂ'\-l‘.-'l- 'ﬁlrrn ":'15 L L j[ﬂ_‘] -’m " ":
Suhstrale cmh ! vy cmh* kgl ! m
Pestile = | (W LEE ] LR 43 0,300 450 [[1] i 1 60"
Slone wool e (IR 1] LS 042 15 75 012 1.5
Tl¥ 180" (0 N ] 5.0 LR 1.1 5
Purmice - (38 e | (19 ’ 346D [[1] .75 .
Loar S 0.2 (k-] (LN N 4.7
Peal Wl 8 i 1 }6-5*
<FL oA ARl BelE 54
T Kis = 23 ALEE; 095%s = 95%7F EstE A SAFESE Oy = BEE
EA F 308 EA £ §AREEE O-1cb = 1 A - sho] 4
LA FESHE; J(6,) = 10038 95% X3} Zpolo A vl WA Zol; Jy = 6.9 010
3

SHst ¢ QS A9 HF2 HolHE o83 BE Y
02m &7] 2438& &3] 42 2744,
‘Caron et al., 2002.
‘da Silva et al., 1995.
“Wallach®} da Silva, 1992.
"Weiss et al., 1988
fRaviv et al., 2001.
"60% ol BwE) 30% Hl A ), 1006 A7) Zell(Caron et al., 2006).
12 Q1) HejolEg) 2R ¢l HelolERE] 92 7k 33t A (Marfa and Orozco, 199).

golH = 05 x 0.2 x
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- B8 543 oo 4S5 Az
1. Dra]nagﬂl_tulinnngrrg.-amn]
L. Infiltration (during irrkgation) ATy
Darcy fow (ono dimanskonal)
Oplional plate low | |
Pumion J=5 3E-6 EXP{54. 37 [teta-0.02]) Pumice
g 035
Em i ;‘:-u 03 .
SE f - 025
= 2000 = 02— -
. <
L ] - _// - 0.15
02 0.3 ) 04 o a5 ' i *
o (vv) Tme (h)
<F-A(pumice) W9 wjHgks ALkel7] f1d W (Bar-Yosef et al,, 1999). &7]d wix& FH
3 & =22 A, olF §719 HAE ZASUA WA W B wEAA. Aol Fvsy
A T SATS 7lii Wiz o] = (E g o9 vidHDE ANE. AlEE XFo= HdAsta
Job OFkel oigh 1HS 19>
o ujolE RO ffRFo] B T oF 308 ool wiE H. o]F 1047 B wiE
g2 v F g 2% oluigl.
- A B Al e AR
o WAV AFFAS Fotr] Al HA AHAQ] A HA SAZRY Eo
HEHE £58 248 &
o WA o] FiE BEXHE: A F WMTYPOE o] o] Fd, AR dEYP o=
Fiol o]F).
o U o] AT F A5
Qt = wr’hs (Os— O1p) (6)
* Zol WlE45% (Q, L-hh), #A1Z (t, h) 28l ¥3d dF59 w4, cm)2 WA
2 B)o® 7 F A5 TAAA e BT Al AR & FEFEC] 60l
hye 988 Adr 9 Fold(= vjA] Eol, cm).
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123 days afler planting

Distance® (cm) Depth® (cm)
FCy (dSm ") 0 10 0-2 0-10
BEC (dSm ') in slab
2.5 25 2.6 38 27
4.5 44 44 62 44
<HASYRE o] &F 1FF AMEHEA A EC @S WAl T Azdd 4F T Ao
Z#H B U EC H3l>(EA: Bar-Yosef et al. (1999).)

ad X719 o BEEFOoZRES A= 20cmS 1A 4-5cm HolAA AlRE A FHTH

bEERZIE ] Zololw o) REFORNE 03} 10cme] Aolq A H ARt 3

T3l
IDistance [rom emiller (cm)
i i 0 10 1] 10
Depth (cm) Purmice Perlme 2 Perfite 2 (reduced)
Ol concentration (mg kg ' substraic)
3 s LU ) 3240 LT L1 M=l M)
L 2540 54 2420 2ii) 2ifulald 2810
20 270 440 2120 150 1740 1970

1—;IO— JEs ‘E
aL, w3 BRAIZEE 6%, Yo EEE Alele] Adle 20 em =

Ao AnA "oz Auj o A Fa A]7|9] Hejol
S )>(&3]: Bar-Yosef et al (1999)>

63 #n]; ‘HalolE 2 reduced # 7l

# 9 ol bbb o)

D ¥l BEFoz e 10eme Aol Jrol QA

@ EdE r > 108 Q7] PAAE BEFOR NE BERL
ZIESE N

Bl pAeA Cle) R

A 14 5-63] ¥#H] 313l

- 144 -



o
< % 5
< o X MR
Ho 5o RN —~ M o
i i E S pad T
B o A —_~— r_L o Mt To pis
;i 5 3 - CEE ~
5 w - 37 T ! =
> - T fesfx o XN % YoOEOET oToo®
— X I v N 0 ! ~ . —_— )
v T - LTIEs (T A 3 T
X ol = — = G = o ) 2 = % 4
= Jﬂoﬂ . g o = = . 3 - O —_ N o o Z?Mﬁ
T3 = o o T - wu - Y s up X B -3 = o iy .
o iaN = ouwuommﬂ ﬂﬁefv R b %4 [CI
- x ok o T PN . ) oA L o
) > MY M@Jmﬂ gamﬂ%ﬁ_ T W %o X H@H@a
2 o B P % = o L S ns oy T 2 Ew =5 2 X
~ . e ~ — 0 == =n o
o /)uA_UW zw I ?Wh — B = o = ﬂmﬂ - 5 & o5
= e o P od o £ S e o 4R
— o/ —_— 5 mo D R ° o J) o 5 Ho B° <
e W i NJo 1 5 R 2 o o 7o go <
0 ol ol _ Rl o e o T = T < a
o 0o T T TR A q W E R A N wEwE
e T o B TR LD = ® T I @ Txe?d
Ny i) oA %%_glﬂ_ﬂ % ﬂ#z% Lo T T F X
L o ‘l__/l il R 1i E_ dﬂ XD Mﬂ I ,Iﬂ C‘.ﬁ H ,IJI »AO OE Mﬂ ﬁE "
o8 ™ E m < = 5 @e o ° mg_ ioF Mo = To W o B Ol
; = — 0 ~ R=) J— 7
6 o oF SN ux_iwomHU = V%@i A BEoow W%%M
™ < SO T PO = =z O X T o
e 1r = X
WAM = ~ W oo o o i i < .JH No = KA o M iy ﬂNu v m ‘_VMO 1X_.U
N M W g e i o E g o oo N o ~—
,mﬂ Q\_ ﬂ 1ﬂ EME ~ OMD o ‘W.L [ Nﬂu \.w ZT O ,_Iry! = « n@l .A_I N
o 5 E R ew EE ‘. P o = g FB g 1
g B o m,_,u}11io1%i A el g B of Z ol 7
N = o NOE g T 2 5o e 2 R T R
NG qowmj.., ol o T B Hf_haf i i L o o w2 SIS
# =0 = o = 7 i o r g
e e N LEm 2 i % zereTh s
7 a3 ET M%ﬁﬂﬁ_bimim I %s ufwmawi o g
o B do WE o ﬁTuox@%monzéw@ }s*no mﬂ_ﬁzaﬁfﬁ Jo ™
o 7 °° G+ = A o ® oM T o T
R %.mmﬂa P %Hﬂoﬂoﬁ g o
s Hwiﬂ@w«%%%mﬂ%
o =% Z0% AN Sy 5 Ao
j B R T
O | | EE o S E.E
[ 00 o X o
| (=3
|

— 145 —




of wel &

NF

i)
TR
Bl
dlo
b=

ﬁo

4r

PN
Fun

Fe Al Al =R E T A

ol

ol
Ao

o
mhy oy

]
.

F 1A%F ol el uj o)

ET+ie A

* RF

mon
of
il

[oi3
.

A BGA G ECH Y 1dS'm ' (AECn) ©]

H
morning—to—noon ET(ETmn)¢] 75%% A H.ZF3jof

o

K

1

ar

]

[
1o

=y

=t

oy

% (Cav)

27k A4,

s
=

Jobat

0

7} skob),
2 Na* i Clo]
SRR ER

=
T
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e 1000m* v}et WA 73 Cav, ACy 283 ACpws 27+ 500, 50 % 50g Cl'm™
o5 HAAS I AATE 5o ClIm 5%27F 250g m 3 (Crw) ¥ W)

- -

VT(ACup + A(:low) = Vdis[(CaV + ACup) - CfW]; Vdis = VTlOO/BOO (8)

- EdostA #Eg & AVE 4] 98
o Vdis® 75% ol Z M= s At oF 3t
o = HZF Mol wjel S wWeof 3
o HATAA B o e AHE A2 45 13:00715:00 A (7)ol A
8] W& (Vdis).
- HjHo] Z FAY¥= A9 (Carmassi et al, 2003; Kempkes and Stanghellini, 2003;
Stanghellini et al., 2004).
o EC7} HWislE A2 Cl'y Cl el duo]2 Fol 7]gh
o HIA] CI” 5= EC= A3 A7F A H3.

Closed irr syslem '
8 i Closed ir syslem
T g s X =8 y-0.0712x+2 6273
E al..... ek SRS LY - E A =06719 Loy e
% W m E. ;;;;;;;;;;;;;;;;;;;;;;; a‘;ll.a.-a.a-'l.‘.a.-'_‘_lil.“l.a.al.a.
. o ynls?r.lufs. b g @
o 44 L PPy 50k e B 4_.'3-_'_—_{;_91@_15_-_ J__,,; s ]
o . r—ﬂi?.’!!.nﬂ.il"ﬁﬂl - 0.00895.x+ 13734
bl e | s o
o 0110204 10237 £ =
= 0 - 0.0202 o o
0 10 20 30 40 &0 1] 10 20 a0 40 50 B0
Drainage Cl (mM) Drainage Na (mM)
| » Fose Bsr A4 = Cue BO 198 « Pop Bst 1202 | [ « Fose Bsr 30v4 = Cuc BO 198 « Pep st 1272 |
<ujelel ECoF CIYFE) 2 Na(E% 19) sx9 . deoleEs 0], Fve 155 £32
Gt A fdojxl Atel. W dRe & FF EAU>

143579 7]1€71=0.125+0.006dS m™/mM(c), DA g2 Fn], 115, S0 5 =

A
I

Eol wel ohE.

- % o] F%(C, mmol(c)-L™Het ECe #A(Sonneveld et al., 2009a).
EC = 0.095C; + 0.19, (9)

e o] 2o]A C;, mmol(c)- L',

~ gole] o] &7 E(I, mol-L )9 ECe #A A
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I = KiEC (10)
052 |ZI*Cy) (11)

—
Il

o] Aox Zie= ol2¢UA7E, C = mol'lL! %, EYFE FEE U9 K =
0.013mol-L~Y/dS-m YGriffin®} Jurinak, 1973)%1.

O F719a w3
Y F7hE B ae] ol V| EHooF 3 = HE LM S odF 7hsshA 3
ok FaE FEe ‘T T - HE T - Acdd A T RY w8
S A5 Fd FET A wAel JAH s Tl E=&

|
of
o
i
f
o
Lo
2

1000m2 Ao A &9 U Vr + Vwsh(Zg}o]E)E= 434(= 5 + 38.4)m2%.
N %71 100gm™d o 240 & N& 434Kg) = 19 ZH]@o] ~02kg-d”
d o 0.2kgs HFotH N F%7F 140g N'm>=2 53

] X]

px

% ghe|

o
A=A F iAol Gefe] 2 By AR FEFS vA. & FAAuAA =,
FFT LY kol U SFHe dgsta wiA e A8 S0 dFE v,
o o FR, g P BATFEm? whA)o] AT g =3 FE FFEEl AL
=834 Qw, QN, A4, [16], g-m™ #iA]-h™).
o B AEIU ofH A2~ AHABA) @A % AN AEA R Fado] hAad

(Aiken and Smucker, 1996).
QN = FnR; QW = JWR (16)

FN# Jwe 32[17]9] YEbW Michaelis—Menten WA A 02 F3=E 4= ¢S &

o]
T sA08Z A¥E + 9ds

ooy ofo

Fn = FmaXNC/(KmN + C) (17
Jw = Ksr<®s - q)r) (18)

o] 2lel Al FmaxN: Nl thgh H o F g, KmN: & && ¥ (L-g N7'), Ksrt g £ 9]
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27

HH]:r/]

o)

A

2 (g-H20 bar '*h7). &s ¢} or: 2t

&}

2l A

EER S EERE

a2 o)l = ¥g|olA] proton(H) A Atel] o]

A ¥

3

S A B 7}

2

23kal Y

1

TP

71 Al

=]
.

174 Aol <A

w47t

BN

7hek

=
[€)

el skl 28

Aol A e Al

) geke] b Weld = e 4

]

Ton

ol

Qtarget/Fmax$].

- EnlE A &5 (Fmax

22 Rmin

25ug N-g! Bl - A A5 -h )l QNO3 = 500mg N-m™2 Hj

8 o) 50mg N'm™2 #jA]-h™ '3} 5o

RER

A-d 1Y 1041 7F

=]
.

50/0.025 = 2000g A A Z #el-m™2 ®vjA| 7}
%] o] Z o] 7} 20ecm¢! 749 = 200L viA| =

UEE lgml ™ He =z 714)

Rmin
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Crop lom o K System
Manze i L I. 016 1 Well stirred
H, POy .50 3.0
K 5.02 i
Sovhean H, PO, {110 T Well siarred
Tiarmato™ i LI 5.1 250 Well stirread
Tomato® NOy 4.6 il Stirred
NH, 203 EILEN
H P, 2.2 540
Tomato Ny~ MH, 1.0 RN Sand
H, POy, 1.8 JH Rock-wool
K 3.0 AELY Acropohmics
Pepper M, - NH, [EXL A Limestirredd
H, POy 17.0 25
Grars AL wasA ke gl Ao AuE  AEI AR oee
Michaelis—Menten 5?. Fnaxs= mol:cm™'s7!, K2 mM>
a@ A3k 1g fw-em™® ¥elo] €4 U=} 0.025cme] el 7F A3 g tal, NO;

9] Fmax = 10mol N-cm™ ¥g-
500uM NOs(7mg-L™! NO; N¢}

57110718 (0.25.8ug N-g™! fw #e-h '3} FY). Km

%£9)). PScaifes} Bar-Yosef (1995).

O \iA] Fol gt &5 A ks
- 3k okl zju) HhH o2 313 (cv, cuby)E A HistH A ECthrS 2.7 3& 4.0dS'm™
'2 xdsta iAo F3} Eolrt AE A FEFol m A= ddFS AL
o F o E AEIT AAFS 05m £ 02m =o] HElolE W =(16.6L-pl™! wjA])
ol A 7Fa Eke. %9o] 0.2m 0.1m¢] W= £o & F5o] o H 6.7 3.3Lpl”
b.
e %] 02m¥ 0.Im< A= Aol7} FElshA] &
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Pepper; Subst vol effect; 1st harvest 16.12.03
000 . -

& 5

Total fruit yield (g pt')

Harvasi day
Width Exp yid BER Fruit wi
om kgpt! % gt
50 268 a a9 164
20 208b 41 162
10 210b 41 164

<HilolE Lilﬂ](lo 20 L& 50cm; A% & A%z 3.3, 6.7 223 16.6L-pl )7}
aF(cv Cuby)® & #d A, AF AA=H(Exp yld), w3 452 (BER) HAEY 3
7+ 32 (Fruit wooﬂ X gE wiA] goliE 0.20mo]w, ECy = 4.0dS'm™, ¥7HHIE
= 1 10-1631% a1, A-e] wpe} WA 7>

- w A Yo7t WS s ALkd S7H0.5m YUH7F 0.2m B+ 0.1m Ko} ko] W
2)
= /.
o Y B AL AupFo] Frbehu MIFH S IES HE
o WA HolZk We A% SR 4RAPY %Y F7

« BEH: AT 7
aF AdelA Hol FAHE: 2Lpld” A5 (B 2ell= 05L-plhT A,
10cm #jA] o) A (3.3L-pl™") whe wj<=F 2 = F 15L-pl™"*h™(©1/2h = 0.45v-v~
h

oy
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AE, 2o o3 vEPd gk wiA gRtel o

P>

Accumulnted yvield (kapl ")

Fruit sive (kapl )

Substrate widih {cm) Toal Marketahle RER (kgpl ') =437 ik
1 933 b il b .68 a 512 h
20 Q.46 b a1l b 1.58 nb 32 b
A 1010 a .74 a 1.50 b J6da
Duncan®] LSD H2E (0.05)2 A& 1t HF#S vl
aECthr = B& A g oA 45dS m™= 24, #v] WX+ 10716d7'S 72202 A
uhet A shA .
O WA F7el 9%
- =g A E e 7HE Tad wix e SAS 2 AFEE s R vAds
of 5= 4l
- W AR A FES AR 2dE S ) bR T HefolEsh oA A
Aapol B
o Wo] BElF o= HEAT & o] Ha Hepo|Eet B RG wjsAo] B
13
=
<A ST A AR, A FA [T v S S B HAaaEEe] F 7L
4 1P =(TSS)] 2dlar =3 N Fd&Fel oig gk d Wk, 13 a3, 17
3 g FR TEE BE AN A 243>
Marketable yield Fruit quality Water inputs N input
Substrate EC,, Pepper (CV. Mazurka)
dSm™! kpm™ BER (%) mm pm?
Stone wool 4.2 6.l b [1.5b 347 46
Pumice 44 T6a 177 a 380 52
Muskmelon (CV. 5093)
dSm™! kpm ™’ T3S (R) i pm
Perlie 45 6.06 a [0.8 25 3
Stone wool 4.5 542 ab D2 354 38

Duncan®] LSD HZ=E (0.05)°] wel A2zt S vl

aBar-Yosef et al,, 1999(215)¢} Bar-Yosef et al, 2000(H A== 9 2)e] H 1 &

on
T 54

buj =] 1 B

o

o 4 100cme] il Felo] EQ} b o
678d'S VIR ow Aol wel WsialR.

H) © =

-

° o

Al
A

[ex]
A

= .

A 2 x 20cm 29 A
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H

o
i
Ho

—

;.OL
22|

Ll
=

S mesto] W E ook

¥} (D)

=

=1

. OE

(19)

tH, Aol & Fol mle]

S

A

]

)
'LO

171 o1e (U

gl

°

<]

Vi
=4

ERS

S}

F7He EY(VE L-m™2 A

3l of

CiVi = U+ D C = U/Vy + D/Vy
o2l

hud]

I

[oi3

.
[}
=

e}

=

=

aff of
A )<k
U<} D
Cf
(i) AA Cts = Cfe] zHAolA, Aj<=3k

“D=09 W %

4
R

0
jpase]

2|

ol
=

1

ol 9%

A A A A

E
=

T TE

OO}:

%

(Ctrg)e] 53

&9

il

B

)

il

—_
fiie)

24 A eolE (Bar-Yosef, 1999).

CtrgS Michaelis—-Menten %74

_wo?
22

o
0%

¢

0

il

)A
o
N

o
iu
I

CHEHL AN M 87} Cug(F S =olA g 8)o] 59

°
"

el
0

™

7K

0
8O

29 % (Ctrg x Vt)7F 1
]_

Ry

|

& A =F A )%

%

O

H] W= Ctrgo A el

s

Aa(©) 2 84

s

WA ] o & B

bol, shae

J|

3} Yol e

oA k] 2]

<
o
ol
1o

o
i

0

a9 A el

}

o
pal

A}3

o)

o

)
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- Michaelis-Menten WA 21 (&2 [17])oA], ¥% &0 C+= HyxHY =
e HH

3] © 2 X B Michaelis—-Menten 320 E F4 X

[e] D R
cm®h™), 2] B F(a, cm) 22]al viA o] A FEAFO, viv) = TR

WA (208 REE

Ca = B+ (B* + KnCha) (20)
B =05 [Kn - Foa/W)1 - @)~ Coal; @ = V@ D) = D, exp(s®),

o714 Do = &4 AejaAe] GAAIF (em*h™), s = vWlA] F5 (349 1 el a
Km3¥} Fmax: WA 2 (17)¢ Michaelis-Menten A5 %). Fmaxs o FA =H¢9]
Bl BEdo] 92 13 H.

- By HoRo] FUYA o]FEC] ¥ 3 FFES 20T A AT F U
T el B xdd A AF7F FH4E => o] A Alde B8 ds Fashd B
ZaHe] s AAs Py AFxEs =4

- 95 FEv Ctrgd A9 d3s v S FAolA F7]ol23F Aakargo]
Astal e Zo R HEFo oS AA7]7] Wit (Marschner, 1995). &5 ¢
AE Yel= 4= W3 H Michaelis-Menten W4 o2 3 4+ 9l (Fried

and Broashard, 1967):
Frnos = FmaxnosCnoy/(Kmnos + Crnos + Colmnog/Kmen)  (21)

- s FFEAEKmCL mg Lol Big CIre Hsteg meste] CIT 5 :(CCl,
mg- L] A A F49) i FNO3S e
o A QDA e W 24 AN godd West Fd3 T4 QDA
100mg L' NO37¢ &N 3+ 150mg-L~"' ClI& H7bstH “|f71.3ug- g™t
NO3-N"7t4] EvtE *e]d] 2§ FNO3 (KmNO3 = 36107 L-g™'# KmCl = 1.0

x 10° L-gHE =%,

O 2= Ao dst 53 N 5759 9
- 703 140mg-L7'e] H3¥ N oA stFuit) 18 ¥ © vF= vdE3E, F
e, g g T3 Aol gl
e 140mg-L' N HgelAe ¢ =& NH4 5%& <8 Ca S57F AsiE L, o=
(e} A

AR W Bl (52 vl &)
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- N 5% g g3 BEvfEdrgo] uF i o e 5 AFA4e 12 g3
Hl oA FelahA sk em, N =7 50914 1503} 250mg- L™ Ne.= Z7437]
o]
v =
<EEA FOAEE o nFE AN v Folo) BFds s S vMAE I

Wield

Crps® (mg L' NPK)  Total (kg ? ground)  Large (kgm * ground)  Unmarketable (%)

T0,15,30 10.9 £3a 175 Iy
140, 75,150 11.0 4.5 ab 19.1 ah

Duncan®] LSD HIZ=E (0.05) WHo= A 1+ FS vl w3t
aCV. Cuby; o}, 19991 8¢ 30¥, HelolE; 19999 12€ 20¢ % 20004 5¢ 15¢
zkzy A A R w8 BE Ao A dH|HHol s Uk elS.

bIAMAA = BE HeldA] L3t

d¥ o] NH4:NO34| = 1:4; ECthr = 3.5dS'‘m™!; 18¥%H]-d™!

AARHE gl 531 Neert cayom A BErte olo] Ca % Mg &3l M= &>

= re]

Yield (kgm * ground) Content in leaves (g 100g ")
l’.N" (mgl. " N) Total Marketahle Large BER® Ca Mg
S0 108 a TT a 4.2 a 1.2¢ 100 & 278 a
| 5i¥ G4 h 57h 28b I.T b hEl b il b
250 ThHe EX 22c 22a 072 b lLivt ¢
Duncan® LSD Wi o=z Ag7t H#+S vudg
aCV. 870; 20043 9€ 7¢ 35; Aldo] ot 19 9-18 ¥H]

- A AmTE 2A kA, el N3t P FetskA Srtekal Cl

ghgo] 4404 237 2.0g-100g7 74 wtobH.

4 o o] Fhel NHy &&= S7F2 (274 NHyNOsH]) ¢l€] Cavt Mg &

CES Ca wiee] s RS e] BAE 7T ko] H. BE A
?___]

e & (ECthr = 45dS'm™) 250mg-L~" NA- 2] ¢] ET7} 150mg-L~
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- dRF o ZavE () N &5 284 9F&FS v (NO39 vlarste] NH,
£57 o wE)(eg. EVFE HelH). (i) NHy &2 8

Ca, Mg 183l K 5507} 4% 2

(iii) NO37} pHE S7HA17]1 & ®¥hdo] NHy 3532 €9 pHE 74 A 7 (Imas et al.,

1997) T3 NHy d4tstE S8 NHy 129 259 H7F 243

o] NH;4 f;d-eo] Lo H]Ej-/ﬂ HHx]oﬂ}q A]tﬂ‘.

NHs" + 1505 = NOy,~ + HO + 2H"
NO;™ + 0502 = NOs~ (22)
AA: NHF + 20, = NO3~ + HoO + 2HT(EQ = 348 mV)

o ol R4kl AECE WA TA)E 420-530mV el AHa 891 919} pHol e} 9e)d
(Yes, 1979). 3 % 248 ©AZ $8T 5 i Aol EAsF &,

(b) Lol F5ol va] Fole Fraol W ul Walo] olg T4 Bulo) old) pH
=]

+ NHE= F5E&0] wom b olesrnt H B v 93]
o AEA oA NH47} o}u] P(R NHg)Oi A E = J)rxqoﬂH oS w=3
[e) ol o

(c) AAF Fa&o] BobAH EH¥ = FAAe] de HaAA &9 pHE F5A17.
T3, A= AWA Aikskd S OH 71 A4 € § Fe2 stez wiEAA A2l pH
s e m FAEA &

NOs;~ + 8H" + 8~ <-> NH3 + 2H0O + OH~ (23)

K"+ OH + CO; + RH <-> K* + RCOO™ + H0O

- o] HelA RHE 7149, RCOO™ 7h2 %A 4k Got2Ra82 a4 o
Aol FEHIL HFTALNEL JI2EALE So]l=U(Mengel and Kirkby, 2001).
o FEERALEO] oRitol7] wiiol, FFERAILME #H= &4 pHE AT
(Ganmore-Neumann®} Kafkafi, 1980, 1983).
- 8 4:[CO(NH2):]
o 84+ A3t 0o, =82 FHA A FHAH = & ol25H vdE(Eol
Q_O] BA T S )

R

« 89 ECl 932 A %1, §o HFEZAEOP)N] e JFE ZE N 4




B>

Hl g Alololl A 71 <Fg o) KNOs, (NHy)2SO4, NH,CI, NaNOs 223l 24
o] 5g-L7' &N HFE BEF=(0skg™, 91714 Os = 2R A2 A31/1.86)= 2
0.

=]

O

H h
7} 0.093, 0.173, 0.11 =& 0830l ™ (Weast, 1977), N 1g & AW A S FFAY
N EZRIAE g 840 | €4 9 A5
82T Zheid H7 AY S 2840 Ry Ev ZAEET dA48] v
(83 EA49) (Kirkby2t Mengel, 1967; Herndon and Cochlan, 2007).
WPE}H iAW) A FA o] Zhialoll vlEl] Wi #2 vk o Afnyel A&

>
L
o8
o ¢
[

‘49

g 5 el
Q20 Tk (24, (24D H'E A%8ka pHE A7,
CO(NHy)y + 2H:0 <-> COs; + 2NH,* (24)

CO; + H* <-> HCO5

FEY A A" 849 60%7F 24 deddA 1Y E<tel T EEld
(Ikeda et al., 2001)
o] H-& NHs9] ZAtshe}l vl =38t 19 ¢F50%7F 43l € (Lang and Elliot, 1991;
Ikeda et al., 2001).

Webd e AFAES dRE - NG
8% gl i) AEAL F FR: () A8 FAE AE avl
B2 FoAA ] o] FH5A o F oA A e

22N FE7F 94 vgg 2o e
mULoR A
NH/E pH7b 4% o 549 ¢wijol (NH)2 WE8 (34 [25)),

NH," + OH™ <-> NH,OH <-> NHsg) + H20 (25)
Khdr = 10-11.04 = (PNHaz(g))(H")/(NH4")

pH 80414 PNHs/NH4#|7F 1/10000] # => pH > 75 Z7AE &
Al shA] ofof g,

X
il
>

AsgrE gole] HAHe] Qang: 15:5% vlvto] HES AFH F JAN F
S g gEelo] F N9 15:5%018, Y gaf ¥ 842 BFF £ AL
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<3k A ufA]Y BFo thd N H] & FF(NHNO; o] 22)¢F &9 (Cyel N %
Zu] Aake] WA= >

1t R

N source and target concentration (mgl 4 Cut Aower vield (number m—? greenhouse )

NI MO, -N Urea-N Totul 5em Mem
R 0RO 3 Yal) g iy
3a 1075 u 264 ab 32 ub
112 1075 n 257 n 12 uh
168 [ D00 b b 20 h
112 HO200 nhs 244 ab 3 n

Duncan® LSD HIZE (0.05)% A&7 H+S vl L3t
ay 713k 2002 5¢ 30"‘ T 2003 12¢ 31¢.

b A= Tuff; 249 & & &2 30L-m™ 1
A ok 187C.

e
Ne)
(L
Lo
r
)
eyl
=

D °F 4-5mm-d”h;

Arnon, 1950; de Kreij et al., 1999).
o T3 FdAuje] - Fre Qd St

LN

5 i
W, o wiAe] Pk 54l el g

« Cl 4% a7l SaliA, 24k Pe] 53 v5&5 2334 FoWA, KE
KNO39 KHoPOs2 A A H] 8 oF g,

o =8 Al K Fxe e wEt 1509 240mg L™ Aleol= A3t
(Hoagland and Arnon, 1950; de Kreij et al., 1999).

o T8 FAAAA F N F NH vl &0 =& 4% K 55780 AdfE +
o, K Hix55E =/ HA4st AlvsEsE FooF 3

o ol mBE o] Y FAFO| & WHdA N3t K o|EE fAbe 7Tl

R

ojstn #uBFE F7HAA A9 N FA8HA 58 K 555 5ol gEsor

- Fe, Zn 1813 Mneo] Zdo
DTPA) H|=3k2] ol 2 ujj of
Kreij et al., 1999).

saE W (durA o ® EDTA 52
EFEs 22 °F10, 025 18 a 05mg-L7'Y (de
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L S N TF 0B T w WM TR
= By HH T T £ o H A
& $ 4 o N Rag o ~w I3
h M, o o % = o & o) = 90 Ho
% g o wrw W AN ®  Ex W
s S a Hoos g B WA
-3 B O*Z 2 'r s Py LT
T N _ S oy R G A o K
. LOE —_ —_ N O R
G ﬂm SR Mw 2 &= W G ﬂ% T
R o Y T T O wmx W
T o % = T T TX 0 do WX
o — 2 — % = = Voo GG
w7 % o & Tr 2 x4 ew
‘_._4 T 0 D T T > ® © ol o
% o y um ST ar W P F
o alh] W /M | o}) —
RN O g % g X7
= : T F om o 8 - Fx
il v F ome R 5.7 5T 4%
.Ea o O# G ! To HT_ m_.e g m To
— X OT 0 . ) o _ S
4 F S T B OER oo
o » @ 20gF T o °= Fx
Ho M < T N s T,oor - B
T O I ®E =5 Fa ® EF oo
= I3 o) ; 10 ;OU 0
AT OT © o o ) N
w A o = Ea Wy s o 8o oo b
R g, %oﬂﬂ We T ow s E
z TSR T ] Y TRAEF LT
DT.: oﬁa E.E ~ EE o 0 d.ﬂ o 2 OE ...._uL < ﬂu — lo _ q ,.;L
T T A op "o T ook = 0 N
X e ‘Ir,._ 1rL E..ﬁ —~ ZT._ O_U jant ‘_ﬂuﬂ — ~ U_l
. B LIS G ON g = T ol Mo~ X T g ol
N oo o oo AR oy Do T g X
ST, TUOgy RELEE pEw. P 0 E NS
. ~o ) T 0
g5 L MEHEd I Feal Jo ik m OB o Lo
T T G I o = ﬂ_@ﬂﬂﬂﬂmﬂa%ﬂewﬂ#
50 9° MM uim_wlﬂLﬂEEﬁNrﬂhdu _ %%Em‘wxmaqaﬂVWer
° Nluﬁ m.A . ° ° . ML \MDI,,..L X ‘N_l Jvmo ° ° °
|

O
O

o

R

o] 714 td= i

13
.

2, tirt Virr / lirr, ©1714] Lirr

|

7

&
0]
yal

Tirr + Td Xt} Zojof

E
FA kel Td = Virr / Id 2 A2

-

4 2to]

e
50 o wf wj #FAIZES (60 x 18/50) 0.8 Al 4kE
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7]
H)7AA o] ARE Tsi

9} 0.4m YH] <
Hol| A Tirr

j

0] A ZH(tirr): 45L-m™ B}
20+ 0]

Virr: 45L-m~2 v}t
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o IdwigEels L'm™ A -h-12 YeEpd. Hepe]E9 Idw Jidlem-h-1)& W3
ANA dE F 2210cm h-1=100L'm™* ¥ A -h-1)

e I¥ER Td = 60 x 18/100 &= oF 11409 Tsi(=11+20)= <F 30

o 9 THoRNH 1A 23] w7 Bestan v wnlA] o dmmE sfoF

« 8mmh'Z FEH s A A9 oqF Ho F¢ ETHU of 4758 ¥ &
. A AEE Tirroll A HefolEol gk ¥3E VirrS 274mm/¥# 7ol ™, Vpel
15-30%°1 sld. b 3 #A7he] AFE 5 nle vy o 2

NI = &< #H] &, Vd / Virr

mle] Aol WA: Gge obdl FE

Ay
©
ft

(ErtEd A= a9k A &37F Ve,
T W= (14 8716)0M A7t -akl=. 2 AgfelA dnslg=r) 2ol 7}
A= A2 ETE AAA Aol 7]Q13

of

Ticld
Fertigation frequency
{ M o 1} Total (kgm 2 groinid ) Marketable (kg m T ground)  Unmarketable (%)
14 11.0 4% a 19.1 ab
12 108 48 ITEh
f 105 43 h N0 a

—

Duncan®] LSD HI2E (0.05)2 A2t Hg vl st
acv. Cuby; 1999\ 8¢ 30 4], 19994 12¢€ 204l A 43 2000 5¢ 15Y 9
npA] e =g

bR AHleA A ECx= 35dS'm™ 5. 50cm UH| ] Hejo]|Ewfx|o] ot
NHs N, NOs N, P, K =% ZtZt 2, 8, 1 %2 4mMS% <.
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N BEE W7 Fow EriEE w4 G o w5t g gel Ay

Solution N comoentration

(mg NL-1)

S 1540 50 150 S 150

Irrigation frequency (Mumd ') Total yield (kgpl ') Markethle vicld (kgpl ') BER {numpl ")

48 - £.06 b — 435b — 425 a

Bl 10,57 GRT a T.1 .04 a 4.4 ek

16-32 10.10 e 7.07 s 23.0 s
Duncan® LSD HIZE (0.0b)Z &3t HS vl gk,

acv. 870; 20041 99 1] A4, 2006 7
beE Aol A A ECE 45dS'm™ ¢&. EC: Bt
S0cmz ZA# BHY; RE Ao P, K ¥EE

ot ol
R
)
N
N,
—

O pH Alof: @aksh 4§31 oo Pt 71254

= NHy/NO; Hl &l o) fr=d &3

- gl pHE F /A Wyes 248 F 9S () A
_O_ ) =
= =

Wtk (i) NOgi AA N
HNOs, HsPO4 52 HCIAFE).

o
fm @
o

21 YulE 10, 20 2
g9 2tz 17 45mMY).

Lot daddoe] . EntEe] A9,
S50mg-L'o 2 ZA3 g Hr}

< FEERE fEol A#EY A

dF QAT U FARG Relsh m Bl B a5 )

= H]

[}
o Cl- g=7F s+& A+

o WY (MRS D A2 4 A7 28 A ez Aladd de= F
o

s Zolw A AW wAH APyl 2.

e E3 & NHy7} Ca, Mg 18]2L K &5 oA

- (o] BHe 85t %34?_ lﬂxl Lﬂﬂii (a) Auie = 2= e
FAA wE, (b) Acgd Axde] dabsks, 29a s
Eis

o oYl EntE(HY * 30~44°a‘)°ﬂ*1 NH,/NO; H] &

shar, WA s} Fojo] me-el 7

E A

=
(c) A F57F g0z

o] ¥zt T717H6A11h)l pH
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7b Weksln NHisk NOse| §5-2 913) Hefol )& §ojo el gynsh T4
o] Yol

- S =7F pHell & 9S v 94 Ca, P, Fe, Zn, 283 Mn%.
- pHe} CO2 #4(PCO2)0] A 3] (CaCO3) 2 ¥E31E gAoA Ca &%=(Cca, M)}
9] #A+=(Lindsay, 1978).

0.5 log (Cca®") = 487 - 05(PCO) - pH (24)

« PCOz; = 3 x 107* bar (300ppm CO2)Z} pH=7 < A A, Cea*" = 183mM¢<!.
o U3 PCO, 7oA pH7F 8.09 85 o o} Cea®'+= 77t 1.837 0.183mM =
stobxl => pHs< 794 M a7t Ca 25 28 A=

- CaHCO3 ¢} CaCOs
e F EMMY FRU} IOmM, Cas ™7} 2mM, 18] 3L pH=8¥Y W Ca**, CaHCO;*
a8 a1 CaCOse &S 7 4’ 0.92, 0.05 28] 3L 0.03%1.

- CaZ7t A EAJS Wl pHE CaP F71E9 HPo) mE Ao P v=5 ZAA3
S EE o] sANRE AT
e CaHPO4H-O(DCPD) > CasH(PO4)3(OCP) > Casz(POy4)2 (BTCP) > Cas(P0O4)3:0H
(HA).
o Ca**3 HPO4 ¢ &4 %7} DCPD &8 %22 Z3sld, &
o] AAH. *¥Ae Cea?" = 45mM3} pH 7.0 ozt B3 H
6414 H%=7} 140mg-L! P& 453
OCP:& DCPD(E AlZF W) Bl o =g A A9 F&d A P 5%+E 09
¢} 9.0mg-L™' PY.

4;
an
3
<

Cacl G, CaHHCOS* 22l 22 CaCOl Seh2 £AE ) WY ekl 4P
obel EolA Lhehdl Zmrh ok20-50% 2 & 9e.
= ghilol A, pH tl& A=E g P FEe] 43
HHXl%"—HS obel ol A ek msh welstol 2 9.
go] pH7} 75 o] o= Asdhdd we P g%+ 7l
3 ohel el We A5E pHOA B84 FASHEES + 30H) <>
Fe(OH)3(S), Zn*" + 2(0H7) <=> Zn(OH)x(S) % Mn®*" + 3(0H") <=>
MnOOH(S) + H:0) % A8 (MnO2)($)& BHF02A §3l%7h shol,
o o]yl H&2 pH > 5ol A Fe?*, Mn®** % Mn* * Fx7F AdHo= 002 743
% ol v .
- Mn' fSb Fel'7b Mnt'eh Fet'm B Algen Asaaans 247 2259

il
E e

_4
i

I

_E
(o

S
ol
ol

Uehe vlsh

ne g
4% o

oom
o

rli
)
¥

)
|

—a-
&

.
}l_l‘
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120mvel (A8 ek H 91 = FAR A e e
o AAAZYS 250mV el AFskEe H 9ol

- Eq] Mn*'EEE AT F A= F71ES MnCO3(Schwab and Lindsay 1983;
Luo and Millero, 2003), MnsH2(PO,)s =+ Mn3(PO4):% (Boyle and Lindsay, 1986).

- g9 o}

T =
O -1

pH > 6914 E&

A1 Zn(OH)29F Zns(POy)goll &l =4

=]

=y

(Lindsay, 1979). pH 73 H.PO, 7} 1.0mM¢!

o

T

ZAA Mn?* % Zn?* 5o 33 A

o

7+7F 10-3.49 10-6.1M ¢ (Lindsay, 1979).
Mn?* T =@2lmg-L™H+ F42] 5% Mn(05mg-L™) Bt} =237 Zn®>*(0.05mg L
e BxEsrrt oF 5y uS

Mn** %7} 5mM HCO3 ¢} H < o|& w(pH 7, P 52 Ca°l §le =
EAEA &e) Mn?'e ¥FE+E 2mg-L ' (Lindsay, 1979) &% F% ®Ht} of

O -1
=0 1= 0]
s A O - .

e pH &4 PO4 =2 COs7} 23% F7|&3 HIF S o|F+= Mn?t 55+ 47
1.0 02mg- L', 53] pH7} =2 HolA] sE7F stol BAst= wAE 2
JEE Agete] Qe FEOR WAL BEE FAT £ S

<A =3kEl oA Ca, Mg, Fe, Zn 2 Mn¥ Z3tE ot A olE 313E9 A E A4Kse>
EIYTa® DTeas EDnHA? Cilratc® Orxalate®

R cpctiomn” Procluci lop Ksc

Ca*t+4 L Cal. 1.6 12012 820 4.2 2.0

Mgt L Mgl 08 1065 9.0 —

Felt4 1, Fel. 15.27 17.67 153 = =%

Fe* 1. Fel. 26.5 292 354 125 5.9

ot 4 L Znl. 1744 19.6 178 55 4.6

Mntt 4 L. Mnl. 14.5 6.7 == 45 1.7

<. Lindsay (1979)¢} Norvel (1972).
= (MnL)/[(M)z(L)].

azM + L = MnL; Kc
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O

+H9Y

455t nFE AMSEN AwBE Sol9) pH Wkl whE vFAL FE Wk
Mn £n Fe
pH Lomg™" Sowree
Leluce
5.6 {120 {0, 300 1.9
6. (120 (.30 1.9 Yosel-Har et al., 2001
f.5 (r035 0,30 2.1
fi.8 ARRE ] 01 20
j"f"lrrlri.-'r
3.0 (), 460 (.24 2.5
5.9 T .33 5 Y oscel-Bar et al., 1999
6.7 (030 0.16 5
7.0 (.20 016 1.5
HE gol@ F Fei: WA i FHEAEI /1 AdAe Aedol=2 AHI.
EDTA<} 2% Fe*t Fe?™ T+= Zn?*9] OJXélE A= (Kse)= pH7F ¢F 77hA] A3}
o % Awge el Samst g,
C el Ksct 09 won Aea o1l pih 659 2@l wel 349

&7 SrobAl.

H

=

g7k dHe SR8 17~2T=2 2438 749 23~33C B} o] Z713 =>
FH9L Ao ZFHAAFYE  AA FE7F oY) WY (Benoit and

Ceustermans, 2001).

« AU AL(Q0T = 5TE ol
Z~(Pritchard et al., 1990).

e AU AX(ERMEES
H| &o] =&

° Q2

R

7} ok 18°C o8} Ei 28TY W F

rlo

A9 1.2004 0.02mm-h-12 B

Al sk A 28~
745 sl Ay (Ganmore*Neumann and Kafkafi, 1980,1983).

-
Er R HRe e &S leu].

s 2

0CTE 2Hst= L) FH e NHiNO;

sel ol o A%
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<25 Zpol7h wHlE H = o] =l vA= dF>

Temperare range (C)

| 20 S0

Verilizer Forrmula i lertitizer 1!
Amnmaninm nitnle NH, Ny (REE} 19540 LE Rt
Muonauminoniim phosphate NH, H M0y Frys 282 417
I Mhrmnasebinm phosphats (M ) HIy Lo fid (LR
Mhsphvric acid Hy o, REE]
Pemssingm chloride Kl 280 347 43
Postassium nitrte KNG, 133 36 Anl)
Posassinnm sl Ky S0y, L] (R L] 17k
Monopotassivm plesphate KH, MOy - 3340 R35*
Calcium nitrale Ca(MNOy, ), 1020 10 AT
Magnesium nitrate Myp(NOY ), 423 5T8=
= *]: Hodgman(1949) ¢} Weast (1977).
adl0C =%
Fo Awg3t 715 GBI
- FUFERD: AUEE F7Hs ETE wiol 9% Arhgo] gaste 99l ¥ =
T2 Aol dFHAF A Yol H(Cohen et al, 2003).
- AN Z Aoz 3 AT (Bar-Yosef et al., 2003b, 2004a)
o Al A ECE 2.7dS-L7'9F 40dS-L'E 24
o AFIAZIRV), A A= = PYFA(WP) 28] AF2ad(SH)ZEA AJAW
(e

e RHE 64, 59 ¥ 54% <

o WPe} vluLste] RV7ZE, 28]lal 94 EC o] 2.7dS-L7'Q1 A B}t 4.0dS L™
A Aol N gl Fe £ S
<A &RE wAEr] 93 F 7HA A EC @3 A Al T 24 S xE A
A= = I, WP AF 37, ; Agaad AR, SH7F Avl(cv. Mercedes)
T, =84 A&DOM) A2kt HH—?EH’OH X = FEFCAA 40-50cm Aol m2 24 3
o w UERE)>
Flowering slems
yield (Numm 2)
Ivscharged
Climate®  ECq (dSm ') Total A-50cem  Com BT (oam) Total DM (kgmo *) waler (mm)
Wi 27 256 h Mo By 285 524
4.0 208 a Tihb Q47 3.1 162
LAY 27 274 ah B ah 17 ] 206 506
4.0 2a% ab 1060 1053 240 241
SH 29 233 c Gl e Q49 242 556
4.0 20 T5 b R52 2.14 213
Duncan® LSD HAE (0.05)9] uwa xg 3k Fd o] S v w3}
a%s AAFE 7] ZolE 40-50, 50-60, 60-70, >70 cm= T F A,
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(Bar-Yosef et al. 2004a).
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Run 12 (1.759 CILY) Run & (0.50g CIL")

a7

CCigL™)

0 50 100 150
AP

#— Hos = Sol Ay —s— Bol Hol — Hog = Sol Av +3ﬂEﬂ!|

<o, Aol Al Cl sle o]z AIRE Aol wheh Ajsst Felel]l FAE= CI wieoll vA=
FEFE AEYoIAT 23 Y e ErkESh A O $%= 1750meg L (%) E= 500me L7(2
). Res= 8l AG%, Sol A = AA = &2 7I£o® 3 Fetsk 3 Sol Bot= #iA] npgoA & e]

(Bar-Yosef et al., 2004¢)>
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Run 186 (Cl competes with NO* uptake) Run 13 (no copetition CI—NGC® uplake)

=
§ 2 6 10
E m ) ?EBS__
-Ea?_-.' —— B4 30
5 3
S 45 - ¢
L= £ 1B
s 10 = 10
L :
g 0 0
o ]
g g 1
& g
0.9 4
g a
£ £ o8t
] W
=z = 07
=] =]
2 g °°
EDS Y T PPN T TP N T FREYN FPYNYT FPYTF Y En-E FTT TR T T R AT TR AT PR TT R AT TR
1 2 4 8 Bl 1 12 1 21 41 81 B 1 1A
DAP DAP
[+ NSF — WSF | [ - NSF — WSF |

<432 ClI-NO3 37 EvlEe] N 2E#2A QANSHY N F5d mxE G (Clipesn =
500mg/L). &% 2E#H A 2AWSEH+ AA" A4 AAet 71524 98] ZA%E. Greenman &
dof] o3 AAkl(Bar-Yosef et al.,, 2004c)>

Cl” #%=7F 500 &= 1226mg L' wf FHo] AFxeldo] &3 N F5 7|
= 1
=

Gk gk AlEHoldL ol 1HY TS
e =2 Frd uf AE¥HEo]l 2k8MPa¢]® Greenman WHOE EU}EPJ R
R 3458 g3 0 o A5 33 i

C aepe 2R FR0R 099 F FREWA Aol e, BANSDE 9
Cl &o] 500mg-L7'el A elurk AekA AshelA 2.

o AFA ETS N 5 HeolHe 4% gto] ECthro] 25 =& 4.0dS-m™'¥d wj(4.0
o] ECthr2 1225mg-L™" Cl &&=l 7M7k& 17F dafd o] “40mMell 33 =LA
e 2

o Rdle 1250mg L7 thalel 500mg-L7'e] 9 A Cl& FA8H7] 1814, ¢F 200L
23} 20g Nem™® vhebgjo] 7]5)ojoF & o %3,
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<AA Cl %=7Hrun 13 = 500, run 14 = 1225mg-L* CD)7}
(W2t Nyp) 2 Fl 7134 2] (Wais2F Naig)oll w1 A

37
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« 53X NOs N 5527 130mg-L'2 A= AS o wjA 3}
507 100 Abolell =3k ghat wi-9- frAbabAl A = A wk
ol Aujr 7t HFIEE HF ghol XéEM oF J/}

Run & (0,13 g NO5-NL)
0.35
03
T T, 025
g =1

o L ’
0.05
0
0 50 100 150
DAP DAP
Res —=—Solll v— Figs —=— S0l L1
—a— S0l Bot —s— Sal LD —a— SolBol s Sal L0

<AMD BF (50 52 130mg Lt NOs N)7F A2 ¢l wiel Apze] 2, wjxe] Atk lem,
E= A 3] NOs-N F = mgtel] wA= G tis) AlEeloladdt doh AJ~g)

= =
2ol %7] ¥% ¥ 130mg- L' NO3s N &

- Rde AAE 53 w5, 25 50 183 130mg LT)E FEAIZIE AE Ao N
FE ST, T mke Awe] Al we MEE ¢S
© A4 k80 Foll CAHor N do]l S/ =4 olee] A FA T4
o] o] Fago Qg Yo HAFH NUo 7t A& N 33 =
7hE .
o QO N FFo] oS53 By Fest=AE HAES] Asids AA A7
Aol M A5 J24 S sto] 7 dapet Bds gldor &
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Run 10 (0.025g NO;-N/L)

Run 11 (0.005g NO,-N/L)
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7.5; no NH, uptake

Fresh water pH
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v + 4
Simulation modal
Simulation of daily time course:
= Photosynthesis and Transpiration
= Dy matter allocation
= Girowif of stern, leal, fruit and root
= ¥iald
= Subgsirate processes
= Walter uplake
= Mitrogen uptake and chlorine uptake
1 Fesadback control finished? ]
Mo Yes
¥ l ¥
Feedback Management control
Providing measurement Providing target values
of process data for plant growth
Comparison between Comparison betweean
simulated and measured gimulated and target
variables: variables:
= Subatrate water content = [aily dry matier
* Eletirical conductivity of incrameant
effluent saluticn = Dally nitrogen uptake
= Transpdration
'rﬂlgnilmhl differences? | fEignilic-um differences? |
Adjustment of model Modilications of
paramaters needed? management neaded?
dErEE appendmx 1} E dE&E appandix 2] 3
Yes Mo Mo Yes
_ Gio o st
management Go 1o next day

<Bar-Yosef et al.(2004) 9 Al&H AsFAA A8 TEE>

2 AA AL (1) DSSel A go] 7h5atEE EC, pH 2 94 9 HolHE
I Stedol-azEd o H71AE L. () F pH &2 4

o
A
|4 Ak dlole st SAH HlolEE Ao vmst, BY d5L

i

o
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(3.3)
(3.4)

(mM/L)
o] EC7} o=

I} 7ol
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s(HPO4)' =
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=4 o2 (X)W
NH4
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k9
yul

2} (electron)
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=
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Vi = 54 olge] o] &7}

H

o A A <]

[e)

&
Cstntiy + Cagionmay 18131 C

P} NH,y
2] ARt

ol 2] At

s(NH4)' =
o

&%= (mM/L)

Cadixy

C

A
o)
=
To N
O <
G o
i T o
Ho T . T
o B = g
> M S ~
o)
KH
o ] (m\ )
o0 45 2
W Gl
el o) o & ©
vﬁ s oX ~ LlL,
4 W X
iy o}/ xo
o 5 -
IO v T
‘Aluﬂ UT X b4 o
i A R o o}y =
20 o < A
0 = ﬂ il 0 ‘mﬂ ﬂUnﬂ
o zﬂ_ _ﬁ O So W
Mo o Ho i mt e
I 3 o woL =
—~ ‘H O_E S.L WE o MM_
ERN S o T
0 o R =m W =
© &] o W MO N WWJ o
£3 ° —_ o
=& N ! P
T o S g o ~ mo
o) © I > I
K - T om
° 1o S X 3 T
, TS I

- 177 —




Steps of the calculations

Element ley)  20cw) 3 4@) 5l 6y
EC dS m™ ! 15 15 1.9

NH, mmol 1! 10 +0.25 1.25 1.25 1.25
K 6.5 6.88 8.88 8.88

Ca 2.75 -0.5 2.38 3.07 0.6 2.47

Mg 1.0 1.06 1.37 0.3 1.07
NO, 11.75 11.54  14.96 14.96
S0, 1.0 0.98 1.27 0.4 0.87
H,PO, 125  +0.25  1.50 1.50 1.50

HCO, 1.0

H,0 1.0

Fe umol 17! 15 15 15 15
Mn 10 10 10 10

7n 5 5 5 5

B 25 25 25 10 15

Cu 0.75 0.75 0.75 0.75

Mo 0.5 0.5 0.5 0.5

! Using formulae (3.1) and (3.2);

? using formulae (3.3) and (3.4);

3 using formula (3.5)

The standard solution is derived from Sonneveld and Straver (1994).

<O AALES AT GO ALY o (20 thgom T Ane)>

Cf(;l:) = Cs(;rf) - Cu,'(.’l:) (35)

O vse] =43 ddste] 2t daof AR(erd #ok 25).

- Aas ARl ol Imoldl HEHE GlAAE HEE &A1 F 1Imol ©
dom AMd e
- o)) KoSOsE &3I4 7 = K= 0.87 mmol &3] ¥ 1.74 mmole] ¥, (S04 1)

2 0.87mmol¥.

e 5[Ca(NO3)2 - 2H20I]NH4NO3 = 5 Ca + 11 NO3 + NH4
e 1 mol Borax (Na2B407 - 10H20) = 4 mol B &+

e 1 mol “&*Hboric acid H3BO3) = 1 mol B &+
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Elements added in mmol 17}

Fertilizers
mmol 17! mg 1~} NHy K Ca Mg H3;0 NO; SO, H,PO,
Calcium nitrate! 2.47/5 534 0.49 2.47 5.43
Ammonium Nitrate 0.76 61 0.76 0.76
Mono pot. phosphate 1.50 204 1.50 1.50
Magnesium nitrate 1.07 274 1.07 2.14
Potassium sulfate 0.87 152 1.74 0.87
Nitric acid 38% 1.00 166 1.00 1.00
Potassium nitrate 5.64 570 5.64 5.64
Sums 1.25 8.88 2.47 107 100 1497 0.87 1.50
fertilizer

<l o] vhAE Aol yekdl FAxAdS flel Bad vme] Atk
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0.0
0.6
0.0

0.0
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0.5
26
68.8
0.0
18.0

Mg
0.0
0.2
14.0
0.0
1.5

1709 || 70.8 ||575.7 | 296

1.1
1.0
110.0
0.0
6.0

Ca

0.0
04
3.0
0.0
80

48,8

=
0.0
7.0
0.0
1.0
0.0
0.0
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BRIt TRl o AsTe hE
- Aol FEAOl R} ol WAk} AL shdte] Tl LB EE 2t
Aol oo A o] dget Witelut Qe Alste] HEde A7t
- pH 2ol M A E Ao FF5 Frate] &5 ES] Aok Esh Al E§EE 1)
BAE FE

il Btk Feole 2HFC)Hd 5, 1997

s || asE() || bz S0l xistipom) || vl
610 || 133 137 810 186.3
65.0 44 || 139 876 2002
575 |l 150 1,40 916 2100
70,0 157 141 | 958 2186
37.0 139 1.23 280 Il 1439
75.0 36.3 1,58 738 " 3745
85.0 439 1.69 892 4546
[EEX ®1 || 175 | 978 | 4970

* fi4=1,0000 (100 A2 1) HHE 2] STXGIECIH EA2 NO—N, M2 PO~P

oo

o) FEbol &5 = 100ppme] P55 67.5% s=o| AT} 750 A4S ALg3te] 7}
7} FEratol £ 2 Bppmd ASHAA FEALel £FEE 30 ppm O AL 45

akol oF(ml) = A8HA7]aL A2 FEHEO]&F E(ppm)+E 49 FEHALO]
2 A3 E(ppm) x 1,000

2
ol

67.5% &&=2 Arts AR&te] 35ppm A SHAI7]=H ot
X(ml) = 35 + 916 x 1,000 = 38.2 ml

75% F%=°] QIAbE AMg-3to] 35ppm A SHAI7IE=dl H gk Abw
Y(ml) = 35 + 738 x 1,000 = 47.4 ml

o] 7% AN D D] Fbo] uhebd A% Fo) AN L AbEE

AAHNO3)# = (ppm) = 382 + 1,000 x 210 = 8.0 ppm
AAHPOL)F = (ppm) = 474 + 1,000 x 3745 = 17.8 ppm
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<FAA oA(EAAALAG AFAR 2135, 1986 1190 dHF HA)>

MSEHAOIA SEE FHa

Il 5 2 s
 fU 180140 | 80 B0 14D =S |of ojgsle 20| w8

70 | 20 [ 40 [ 30 | 20 [ 100 | 100 | EOIE | S 120~140%
10030 [ 70 | 30| 20 [ 100 | 100 | 7K |4E

90 | 25 | 60| 30 [ 15| 100 | 100 | mY |4%
13030 |60 | 70|40 [100] 70 | 20 |SAEHII= 100%
|130| 40 | 60 | 70 | 30 | 100 | 150 | |2 |SAE 120~140%
X HEH EEE
70~80%

: : 50 | 15|30 20 | 1.0 [ 150 (150 | @yl |*ME|0)%
OHIXIZ| &t [ 60 | 1.5 | 40 | 20 | 10 [ 100 | 100 | A%
o 8@ |28 | 42 | 42) | 20 | 100 | 100 |TISEUE | NHAN 1.7, S0-S 2me/t,
EC 1.6dS/m

120 40 [ 80 | 40 | 40 | 100 | 100 [ #3t [EC 2.0dS/m, 57 70%
120 40 | 80 [ 40 | 40 | 100 | 100 | AlR2A
90 | 60 | 70 | 20 | 20 | 100 | 100 | 4He=m |Spils 25~100%

EAl= 40~150%

45|30 | 35|10 | 10| 100 | 100 | 24o0|
o |to]15|50|20] - |50 100t 28 |*272cmo
FHE7RRIRIGIAL
smzj  |00] 40|60 |00 40| - | - | EOE
Illﬂi"—_;“"i“..-s' [120°] 30 | 60 [ 50 |40 | - | - 7| |*NHeN me/0 S S, SR
MNEzbzEr o [120% 80 | B0 20|20 - | - O | *NHeN dme/0 S 29, U
SAKES | 18653 [105] 64 |63 | - | - | ABA
MEf R
P AEH133*] 40 | 80 | 40 | 20 UAE | *NHeN 1.3me/) 2 B2
L ' (Z70(H)
ofolRl=el | 10727 [63 |53 |27 | - | - | AZA

suAEEY

ASeiER) (8020 40|40 (20| 100|200 ™2 |g29Z
X
F1) 54838 dro] glom HAMN)E NOs -NoJaL I2HP)2 PO, -Poltl. &e] *+=
Hl 3o A «=2 A gt

55 (me/0)¢ Y H T TG HEH(me/0S YEHT HEZ(mmol/0)= A3
HE dEdF(me)S 7t Ao AZIGERZE) Ee ol=9 o= o]
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<H| A A>
%]

- Aoy A SAlA P EEATE A ZEE FEEna 7 gE] oy sn=
Foo] B Fol FHF TAANEF solok
- o= M FRateley tydie) e BAglel 0757 L0 R Belsts Sl
k¢
U= O A R A 050 | 0.50 | 3.00 | 0020 ]0.050 |
EJOjAt 15(8) 0,60 | 0,30 | 3.00 | 0,012 | 0030 |2 1to] 60092 22 o
QE7|EeA S(RY)  |[077 | 032 | 285 nom]oﬂm |2 110 50092 22 AL
0715124 58 LIH)  |1062 | 051 280 | 0.040 | 0,080 | 0.040 || Ti0f 400E B 2L
osslenis ) |1058 (0331225 | 0030 [.oroeq._.: 030 | 31241501 tigt 2EsEAS 5
Q=7 HHn| ) {1057 {023 {211 | 0015 | 00z |EC1ads/mez Mg s
00| Mo HTA(D| M) | 050 | 0.25 | 2.00 | 0.050 AHRW) TS LA
OFOIRIH0E A7 0|0 | | 050 | 0.30 150‘ 0.050 L‘:-,%(va hl =158
() HELHE, IR WAIS 240t i4Ele0| SR SEOKIE)Y B2 71 HE 3 22004 S2) YA tis
E}"' HI‘ALO_ m-'u‘—l-
O ¥l 247 3] AEsE 2
- opole wEY] s AHEEE daa NEe FRE F2 AALEENO, 2

Zh 7 [Ca(NO3), » 4H:01, BAku1v] 45 (MgSO4 » 7TH20), Al1Q14F 235 (NH4H2PO,) ]

LA

o obdl ol MRS AHgeY HAW SHETt e de
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<FA A AMEE = HERH] EAFY &>
N e Ca Mo N
e NHaNOs ‘ KNO3 CalNOslz-4H0 1| Mg{NOs)z-BHz0 | NaNO3
NOz || Mw=80.04 MW=101.11 MW=236,15 MW=256.41 MW=85.00
214g/100g 25°C r 31,6¢/100g 20C ( 42.99/100g 25°C || 42.99/100g 25°C {| 73g/100g 0C
R | NHeHzPOs l KHzPO4 ‘ CalHzPQa)z- H20 || Mg{H2PO4)2: 3H20 NaHzPOx
HePO4 MW=11503 || MW=136.09 MW=252.08 MW=272.33 MW=119,98
' 22.7g/100g 0°C || 1489/100g 0°C || 1.80g/100g 30°C |(matst M= %2) 1| 71.0g/100 0C
o (NHaS0: | 2804 CaS0z- 2Hz0 Mg80¢: 7TH20 Naz50¢
S0 MW=132.15 MW=174.27 MW=172.17 MW=246.48 MW=142.05
e | 70.6g/100 0°C || 7.35g/100 0°C || 0,257g/100 50C || 26,9g/100 0C | 5.0g/100 0°C
NH4C KC CaCle- 2H:0 MgClz-BHz0 NaCl
Cli: MW=53,50 MW=74,56 MW=174,02 MW=203.30 MW=58,45
Sk | 29.49/100g 0°C || 27.6g9/100g OC || 59.59/100g 0C || 281.00/100g 0C J 35.79/100g 0C
(NH4)HPO4 K2HPO4 CaHPQ4- 2H0 MgHPQ4 NaHPO«
HPQa || MwW=132.06 MN=174.18 MW=172.09 MW=120.30 MW=141.97
e ngnoog 15C || 1599/100g 20°C || 0.029/100g 25°C | (0.0250/100g 20| 4.30g/100g 0C
e (NHa)sPO4 K3PO4 CalPO4)z Ma(PO«)2 NaPQu
 POs || MW=149.10 MW=212.28 MW=310.19 MW=262.91 MW=163.95
e SOLUBLE 193.19/100g 25°C || 25mg/100g 20°C || 0.02g/100g 20°C || 4.5g/100g 0°C
]| (NHe)COs-H20 ’7 KaCOs ] CaC0s | MgCOsz NaCOs3
S C0R MW=114.11 MW=138,21 MW=100.09 MW=84.33 MW=105.99
: || 259/100g 15%C || 105.59/100g OC || 1.50/100g 25%C |[10.6mg/100g 20%C|| 7.19/100g 0C
* 2iizE 2 2200M 2249 HRO| 2420| 10092 B0 BEE 45 EAEIGHT MWE EXI2E LIEHY
O vz Ay 22339 27
- 9H 2 RS AT A 24 mEt A do Fs ALbsor 3
- HE OgHEdas v8 AW 2209 AAE(o]s AAXE ) 174H71K 9] 4,
= AALE(KNO;), A2 2#[Ca(NO3), « 4H-01, 3Akal 1l 5 (MgSO, ¢ 7TH0), A1
A B (NHHPOY O] 457 95 T2 AE
- Qs BAE Ay BU|SEe] usER ETEHJS AL = dgo FEbo] e
FX7F ol Aitolu} QA4S Thete] FERAbol & H S Ao gk Ao
U dike]l & A5 wxd Yt F7F ARsEE AFEstoof &
- el 4FA Y] vt R AAE wRE ST of#E Ay AAxe] 51 o]
AEs AFEsl] =4
- SAHE(CaS0y) 5 2ol St W H5dS ArlxeA s glom
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Cadl &+ ¢4 A4b23[Ca(NOs): « 4H0] 0.8 7 3heh o

=l - o7 %A
CNatolt} Clol€e] 98 Axdow oA 4 Yo Be 79 4L #vld
A grow orEl: el IS
@ 259 Te o250 He] Bojrtw Fuletthn AZean 2AtRA i 15F
o ol ol tete] shibe] Gomm At B

i
Frr

ol

o
fu

Zz

o

>

O

I Cl-o) HHo B

O Foie] ARg ZAlAe] Tz 28

- T T Z=45= ol & — o 75 & 3o N ) S A
g F aEE e s AR AR Hys & oA Auda AnS A
= S = = B3 =] o]l 2~ o = H B 1 HZ35 \=
gt & U)ol EE A st (A Frlol A EA A S Zo)FEg F
o = = S =] e} X1 o o e A= = S
el &g Frkstel Adgstu B, vhuk, vjede] nHEY FS FAFE o3 2 3
A1 3 S
SEICIR S
- — — _ o -
<HlE A T2 AT (AN -okkAy] EvtE Fel >
SHE H0 & Efmmol/) B0|& 55 (mmall) H S @1 Hi 5 ${1004)
s LE BX8a | (gf 10 - ]
. ik F B ‘QH_J\J‘] NHe-N] K Mg Ca Na H A YINO;-N|Heoen] 50,51 Cf A | mM | mgil | mgi gL =% ;::gr;ﬁ
giHss 067 4 1 1s 0 0 7| oer 1 o| 8667
4+ ER(EE HYET)
HETFEE
1[{Ca(NO,}-4H,0 236.15 42.90) 15 3 15| 3542] 35423 | 354] 985 35.96)
2|KNO; 101.10 31.60) 4 4 4| aoa4| 4aosa0| 404 | 990 4085
3|NH:H,PO, 115.03 22 0e7) 067 a&?| TaT T.66% 7.7 | 940 7.83
4|Mgs0,TH.O 246.48 26,3 1 1 1| 2465] 24648 | M5 | 992 24.85
S|NH.NO, BO.04 214.00)
6|Mgi{NO,},6H.0 256.41 4290
7 |KHLPO, 136.09 14 81
8|MgiH,P0,)2-3H,0 77233 20001
9|INH,},50, 1324 7064
10[K.50, 174.26 7.39
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7] EvlE Ageg AHgatg o)
3, Mg 2meq-L-1, 7| & Y42+ Fe 2, B

2 dAbaEFo] 600W-m-20] =3 o 1

o7, g Aol I LE}E‘r T T 9] oF 30%7} Wl ZE ==
& A Mg ECo 45 A4 F &27]= 17dS'm-12, ol A+
A 20dS'm-12 #2]s}$ _O_U% pH+= 55~6.00.% ZHARE o] &3t x4dst3
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T A WY HA 2=7F 15T o]stE Yol 2577 AAs o2 A
Faoh S = DA wjnit Al A AL, 103 o] & JhEkE &
Aastelon 23 fF=5 fsto] g 2~378 o] 7istsld
Y ErnEE Farmhannong, Seoul, Korea)S 15012 3] A]sle] H57
AT X = SAdulx] 3utE-o 7 st on Au) F 71EF B
=9 FAATE EvfES] Aol Fshait.
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S
Science, Hwaseong, Korea)¥ & ©]&3t3th A5 1g& %‘ﬂ*a}/\ﬂoﬂ ﬁﬂ 235} o]

B EF I AT Fabg 93 A/12el M 380T, 0w FaAA 28
> THRTE z‘ﬂ*ﬁw F 40% FASPHERS Thete] A& degete] S
i F71E 2% BAbE AREERe] 757100mL S H W 0.06N Bk o] gate] T

[e)

He o} w—smu} P, K, Ca @ Mg®| e Aw o 20% WFstel ztE

A0 Fall, A4k 20mLa 24 10mLE ¥ gkl 1047 o] A F

2 walske] 23l thg thAl AAe 24 s stdste] v ale] KL o
4

ds gkl wei7t 29 Alse ZAbE o] §3ke] 100mL=

A

T

52 #3d}o] ICP(Integra XM2, GBC Scientific Equipment, Australia)E ©]-& 3} o]
A A THINIAST, 2000). &= H 2 vjed o] 7714 v E& £437] flste] A&
ZAF A7)l ) v S A FH S AL, No. 2 o A2 o gk & WA BystH

A B o] &3kt % e] NO3-N+= Merck RQ flex(Eijkelkamp, Giesbeek, The
Netherland) 2, P, K, Ca, Mg % V&4 eE 7] EAHHIL 5d3 ICPE a3}

J
AN

O TAAE
- 2y Ao A EAST WS 1LSD AAY AEH R AE 7t 2ol & v us)t
Gt BAEAE CoStat 213 (ver. 6.3, CoHort Software, CA, USA)°o. & <=3}
Sk

~447M A= 199~216C, 592 222~237TC, 6
stV 2 A wobxlon. HA 722 34
il o] 16 Cold o2 A&7 7d Aol
297~344TCH o, F&= A2 T A5 il

392 30.8~31.3% oL o] F+= 50%0ld ALHAeH A F7]Q 74 o=
9

o o
'\1 w
|

o

é
o to
fo 3o 3
o U

B
N

= —

79.3% 9t LAV 39 F4olE 920)/ar 2 Ao FERE WolA] 7] A Zske] 5Y
o= 1,622)/en® 7HY Boron XS 37 |
1—5 At &Y Jdo] W w 2e Fo-

1 AN
1 69 T E 7Y A ASleT
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. 3% 19 5 6% 74
R e
”focji* 199 215 199 206 211 222 227 237 245 9256 261 277
E‘(JOCJ;— 332 344 297 315 303 307 320 335 328 327 333 312
zjoc;ﬁ 142 150 150 148 144 150 141 161 184 203 205 23.2
'QE%)E 313 308 531 630 630 651 608 592 642 706 715 793
%ﬁm? 920 1184 1046 1110 1120 1143 1622 1381 1150 811 789 963
O A27] 5o AS{ALst
- AES e A H ] 2442 166em, A4 42m, A 104, FF 79en o H4=
7.00/7, QWA 834a/FE, AEE 047g/% o9
A7 we A8
z A 74 7 T q F q = A A AE= AEH &
(cm (mm) (/57 (cm) (cm) (cni/=) (gl+) (%)
16.4 4.2 71 10.4 7.9 83.4 0.47 7.9

2 3o 2 F 2~377F oF 50%H = AstEAS W =
Abgh A EA s geok 2ok 2HA 2 A9 o] s stste Al7lel 2ol of
60cmol o 2 A7 2ol AX 10MA 22k A9l shibo] 7stst= A7)
o= 205em7bAl Algstdth 104 shde] Jistel= A7l d4 39.3W, 9%
54.3cm, 9% 455cm= 2 A 3 HEHA] 7)o v mate] e 250, 43S 170,
QZe 21m) 7 F74ekglth WA e 49 23 HskAl 7] el 1,635em’ A 7t 103}
W A A 7)ol = 6.6 7F S7HE 10,272em Atk ZF Z3h A 9) o] shuto] /3 A7 E
nfE AARR o] B W3S YEeld Ao g 2HA S ) 3tA 7)o A EAY A E S0
oF 16g o 48 78] 7)ol = 3.38] F7F3 53g, 83b 7N EA| 7] ol = 8.88] F 7}
3+ 140g, 1031 73A] 7)ol = 9.8¥) Z7}13F 156g o2 T 9%t
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<Al we weErEe] A

SRR }(—cm;)% ((‘% / —%}i) (E]lfcm;)gL 0%cm% ?cgrﬁt‘q/i%
235} 59.7 16.0 30.4 21.0 1,635
4317 96.3 24.3 47.0 36.2 4,651
63} 135.7 28.3 49.6 38.1 7,521
83l 178.0 32.9 50.7 40.1 9,828
10s}7 205.0 39.3 54.3 45.5 10,272
LSD* 9.9 1.0 2.2 4.3 574.8
Llnear OO *kk *kk *kk *kk
Quadratic - *kk *kk Tk *kk

“LSD: Least significant difference, p<0.05.
"Significant at p<0.001.

8
&

y = 36.36x - 21.08

R* = 0.9702

2nd 4th &th Eth 10th
Fruiting nodes

&
a

Ory weight (g/plant)
5 8

<G gle] wE WEErE AEF Wi

- 23 A9l shpo] sstskE Aol AEAl oS FEste] vEdAs TS E
A= 9eoF 2ok T-N 32 A8 %279 230 /3br] o] 4.01% =2 =gkon)
W NS AA A srel A L, 651 A E7) ol = 321% = 53h s K A%
7hat ek 7t Al 108H A8k 7] Fhasbe] 2.75% 7 4] welb A th PR S A&
7191 2sh A7) FY 53hE NS 7AA Ak ekt 63b sz E A
TE7IHA Az F7FekA A, A ASEA A 0.28~0.35% BHE EAHAG K
e T-N st wbdle] A&s Bk A% 2710 2819 /Mahr]dE 2.01%=
ghgol Ao, 3stA-E 53h ST 7EA] A AF ol Tl o] &R EobA 10
bk Jsl) ol = 2.83% Stk Ca 35S 28k 3ol 2.07% = 7Hd wekA Rk A
& TR D42 o] Holy o, B3] 884 a7 293% = 281 7)) 8 7]
wrh 158 =Uth Mg &2 A AS717F 067~0.92%9 M2 A=A

o 4
PNeofN dob ot
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<Haslol me eEvhE A4 o] K
5.0 o5
4.0 o4
% 30 % 03
=
£ 2
S 20 = 02
= "
£ Lo 581
0.0 0
Ind 3rd 4th 5th 6th Tth &h 9th 10th nd 3rd 4th 5th &th Tth Bth 9th 1Dth
Fruiting mdas Fruting nodes
40 40
_. 0 _. 10
e 2
E 10 B 0
: 3
H m
10 ) 10
an 0.0
Ind 3rd 4th 5th 6th 7th 8th 9th 10th Ind 3rd 4th 5th 6th 7th &h S%h 10th
Froitng mdes Frutine nodes
10 0z
.‘-‘.D-E _—
= =
E B
£ e £
8 8 o1
=1 o
= oa =
oz
oo oo
nd T &h Sth Sth Tth  Eh Sth  10th 2nd 3rd 4th Sth Sth Tth ®h Sth 10th
Fruiinz nodas Fruting nodes

- Sonneveld9} Voogt(2009)= ErntEe} ¢olE AujstdAA] A7 =g F7194%
s BAste Baustgnh 25 =gRt 29 N 2 K o] %31, Cadt

Mge Ane) o] Farel 955 Fou, Pl A9 wgur Ae] FEel
A 2 AolE molA ghskuha sHth o5& Azte] 4% AWM Wt =9
3 A9 Felstel ARG, B ATANE 7 A3t AN ARl @ A
g RAYYOE He Aolsk ATk Telut B AT H3} A} mobd A
F 3% o] wobd B ohuel wdel wigo] FrkslEd, ole@ A




Sonneveld®} Voogt(2009)2] X1 Y& T AP ET =93 ¢ FAS F71&
S Holw, 2 A7t vkan AE A7 oyl AEjel A QA & AYgH A
3 B8 gEE Holw 3o Yehyth E3 Wilcox(1993)= EFEES A2 3
5 105Y97HA] AR AES AEte)l tEdse] B E EHS Husded, A7
o] A¥3te] wrel 92 N, P, K, Ca ¥ Mg 3#Fo] #Azat #Ahsles EHS Bdva
a9tk Wilcox(1993)7F B sk W&o EAAuetHA A8 A3z 13 )= 7
TAANNE g 2 A= WAL zbeolzt ddTh

Sonneveld®} Voogt(2009)0] R.igh &3 2 AFZANE vjust o d4AE A
P, K, Ca ¥ Mg o] 4wtel 232 B9, Wilcox(1993)2] Bl W)-&3} v u sk
= NE A3 e F7]900 A Ahtd Axs 1ot o9} -8 o= Aju )
FAEAANA HhAS S F Uk
B oATE 98t T FALS NO3-N7,POP 2, K4, Ca3, Mg 2meq-L '3, o &
mg- L9 EEZ 32EE N 98, P 62, K 156, Ca 120 18] 31 Mg< 480]t}. A &4
A & 9% FFow Yl gom, mgl'e FEE VE

o

Huh o @& o] AHHALL, o]l g o] f2 geHo] EC © &
Atk o2 wjde]l A7 HEE(EC)9 1A YER

WHstE e w Aujr]te] AojdyE wfx]d 5%116}

2 FErt fAHOR Folyid o Aw AE zau

F 57 delo] HAv At 2y S0l NO3-N% PO,~Pe] 74

uH
Al AA 222 (Bar-Yosef, 2003) ¥l 9] w7t FUlelSolE E-3aL
WA ) Rl EolA A gty AT g 2 9 fak—;— n) X7 eFokria ek

oy

O 39 9 wjole] EC, pH W3}

ol

TEME B4 FAAW A T Gl R wiEd e EC % pH ®st= ok ¥
2o B Ao &27] o] FHE S SU|7A Fde] ECE 20dS'm-12 %
skl FaellSol e AANE 43 JHE 774 = wj o] ECT7F 2 Aol & Koo
Al ko, 53t TS| HE EobA| 7] Al ZFste] 93t fstrlol = vi e} o] ECTF
45dS-m-1ol =4etdtt. 53b 7R3t EC7F =obxl A& ofe] A4 Halet
FAF8HA ' (Seo et al., 2003; Zhang et al., 2010b) A ujA] 717} o] & Aol Hol & A 2t
=9 Fi e S Wil Aom e

L
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<Aool wE WeErtEe] g wie) 2 pH W3

.m—1)

b=

(d

EC

—+—Supplied
=~4--Drained

»
pH

i 3 4th St 6th Tt Bth  9th  10th i 3 ith Sh 6h  Th 8h 9 10th
Fruiting nodes Fruiting nodes

Sk, ol WS AEAE FAE Fol FAASE A0l
obAtha Jlr%m} obgel WA o

w |
e 2 WA o] ol A5 Hgle] F3H

FE FTet B dAVE dom iR Ao A= 47
pH 55~6.89] 224 S Fo}3tth(Lunt and Clark, 1959; Yun et al., 2000). ¥ 23
6~64 92 2dsdFolE A% Z7]0= el pH7}
Y Aol L, 73 JhEIIFEHE T dETE volx =
+ Park¥ Kim(1998)e] A4+ R A7 FFAFo] 44T we=
NO3-N& 0|29 FaFo] Ba, WG] K+s Yol F57F 5715t
YRR Fhol2Hy)S WESH] Wil Ao A7t

O &3 2 wjge] Fr]dE Wt
- a9 2 udS A NO3-N, P, K, Ca, Mg 5& #4243 Z—iﬂm ofef 1=
¢} 2tk NO3-N# PO4-P= ASHZ71 435h8 M7 74 w9 3 s o] v
FrAbsE o, 53b A7) o] Foll= F A E T H ool A b—je TEE A
3, E3] 93t Aol FFART 207238 =gtk KE 33 Aol =
Hol Frrt kot 55 Jistr] o] Foll= NO3-NHE P&} frALSHA =obAl =
¥ ]S\’iq Ca ¥ Mg+e 2,3 % 63 7i3tr)ol+= 53 sjd e 5% 2fo|7} =
A eFkot 24z 5sh g 7shik A)35hY] o] Fell & EolA e AFgS Bt B Fe
AAl 2} Ao R Faduct wjdol A Frr =gterm 53] 5 8 9, 10 sk #
W Aol AFH T As NS 157354 7FF =9k

o
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O

A At @250 28357 Wit HAow AYE T Zhang et al.(2010a)%= I}
ZE)gke] AFAZIER wfd o] B4 FE ZAAE W, A5 T 7714
TR 3438 Eehxtha shsith Kim et al.200D)% #FE0] i127]o] FES
wol Fsty] wzol iAo Frje] Frvl EolAH Frlele Fi WstE UAL
Fot FuAATE wohar Bad wh v

Fl FE AT vjH o] HAYE A}
EntEe] il q&gS 9% o
FoERre] FEd wd ] M ES A
ZTHo00m)E "HEo] "Eatste] 50T A
Cycloheximide 50mg/ ¢, = ) FAA HIrete] FE
3] W & Petri-disholl # ’48 9% 1g (EE‘: Imd)S 9ml E 575l
&3t vortexingo 2 Ydt= A ul wrF S| AT AN IS w9
By S350 R nEu 7% =@sta 25T ~30ToAA widste] dAH colony

AFstgd o Ades MG TAAESF AL 1A ES = colony 7| x1/3] A w42

Wal7] Y3 A2 2E 7]
%+ PDA i (PDA19.5g,
2R F BT AR R

g
L
ME
AL
%
=,
(@]
ks}
=4
o
3
<
e
=
=
o
%
S~
~

[

10" 102 10° 10" 10° 10° 107 10°®
P Y @\ oW oW oW S W o

O
L_/U\__ﬂ/\_)\_/\__./\_ﬂ/k__/

3 = =

o veasth TAE 5 IO o4
=]
RUN
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HHAAT Au) T EAS A=
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<EFwEd wjele] vAE el 4>

. o H| A=
Z:‘U] Ag'ﬁ = ST =] He *
:FL ‘f"i‘ (OCI'IU/ITID %(%‘I)T EH_,_,_ U]Agi [§] J‘—ﬂ" o:]l?‘
19 a5 8.5%10° 2 Trichoderma sp. X
LSOO SOOI
H] oA 9.4 % 10° 3 Penicillium sp. A
ZGH 6.7 % 10° 3 Pseudomonas  sp. A
T S0 S A
N 6 Trichoderma sp.
R 3.5x10 3 Pseudomonas sp. A
[ 6 Penicillium sp.
62 & 9.4x10 3 Pseudomonas sp. 4
= T TTTTTTTTTomsmssssssermnrmnsnssss
N 6 Penicillium sp.
A 4.3x10 3 Pseudomonas sp. o
Z 2 on 6 Penicillium sp.
g SE e pseudomomassp.
Hj o 5.2x10° 2 Pseudomonas sp A

3/30 5/31 6/28 7/5
71 W el Mg 2o 54>
O Wle] RHEy T4
CEubE A A Gl BEEW ARAZ Agd Baw ¥ L GRS F4
Sl A A Yo MBS NEE A AFEA A5l el ¥
fres 2A 43 2452 216 -m-1 o] e, EC+= 256dS'm-1, pH+ 5.8, Ca

+ 220.7'm-1, Mg 1183, m-1 K 1486-m-1, Na 60.4-m-1 ©]%lT}.

CEEER

L EC Ca Mg K Na
1 1 pH T

(-m>) (dS-m) (-m>)

21.6 2.56 5.8 220.7 118.3 148.6 60.4
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FHaord mE BeErEe] 3 542 o] Aol 32am, o] F2 25 A

170 3 FA= 127g oo 10ad F%2  4491kgo] At}
<HEERES o] 54>
E o % o = % F T
(cm) (cm) (g) (kg/10a)

e EntE 3.2 2.5 12.7 4,491

B AWErE A FAA A Zd Qo] mE A EA, T 2 wjd TR

TE W)
Q XN & R wul =

=2 =

- THEHIEd AAATEY AAEEHSE delA, 4093 SHF E]JEU}E
(Lycopersicum esculentum Mill. cv. Bonus, DeogyangGreen, Korea) H.&
L B ASE T

O A aj 2]

- 4047 2 EviE E 20161 39 109 HelolE wix 7} FXE Au) w=o|
A2 AT 160x20cm® 154 A28t 69 28U7A Aujetqict. B A7+S 93t
Fohe opply] EvtE dgojon tEkdse] 24 NOg—N7 PO,-P2, K4, Ca3,
Mg2meq-L " % %%E Fe 2, B 0.2, Mn 0.14, Zn 0.02mg-L'gl3 2218 o] &3}
pHE 55-6.0 Yol A3ttt AA 7R FAS FHF3tg = ¥4 Ao
600W-m o] =eret w 13] rﬂnguq o Amg P M]L gn o Iﬂ Al
$o] APl wet F

- AP T A e A4 L5271 13T ol§tE
HEE AAssion, 457 T 349 FHU)2
692 245-261CH.  dAr S 39 Fabolli= 920-1,184)/cnt, 497404 54
G A E 1,046-1,143)/enf 0.2 W52kl al, 5 T 1,622 J/ar® 7HE =kehvt

Haste] 698kl = 789/ttt A= <F 10cm7F H S wf A A AL,
T2 9%t 4-CPA(E3s EvEE Farmhannong, Seoul, Korea)Z 1504

sto] 17de 23] &5712 AXsArh AldTE HdouA] 3nEo R

x| std o Awl F 71EF #HE]= Lee 5(2017)90 =3kt
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A2ke] A3 #(Kim 5, 2001; Rhee &, 2003a, 2003b; Seo &, 2003; Zhang %,
2010) vwste] ¥ W, ZFe Agtort s, 9, 4F L AAHol vkl
woAgAAE Arte] F& EFL SR

<YNHELE d A Al Zrahd 9fol uhe AYSALEE
RRIC g\(—cm;)éL (:’% / _i’: O](;]cmz)& ?cm)% ?fmt‘ﬂ/ij
23 o4 12.7 31.9 26.2 1,795
43} 91 17.8 48.7 44.0 6,656
63} 125 22.9 50.6 48.3 9,692
8}t 181 30.0 51.8 50.9 12,434
LSD* 4.55 1.15 2.28 5.50 2,493
Linear - . . . sk
Quadratic e ek sk sk sk

“ Least significant difference test at 5% probability.
xxxSignificant at p<0.001.

- okl aye Zb Al shge] Jfsltebs Al7lel AR BERbE A S A A9
Aes wstsE vk 2oz 2-39A b 7jghrlel EvtE 9 =52 18-23g
ojA o 4-551 Jstrle= 3.7v) FUFe 67-68g o8 FALE AT 634 TS
o] Fof 1= Zj%%o] 1%%'81 S7hske] 88 M3b7lel = 168g o & 938 S7hEk%d

FHAAl AF 27]= HdEFo] =21 HRhee
9= HaeHKim 5, 2001) ‘Trust’ %= 1071
4 71 A uetH Hd 800g 7t
}\;\v_.]l] 1:”— Q Eu}EH}}_}H H
2017).

Z7}el b= B a9b=(Bellert 5, 1998) tf& A=

E
‘s, 2003a, 2003b) § 71l =
A
Fe A= steb=FA AR d &l At Lee 5,

uj A

=
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FrU|t|ng nn-des

QEA A Fapagel we AuEnEe] ABF Wk

Dry weight (g/plant)

A} 3} = A7l AEA S AFHEY gEdAa
A= 9)9F 2k T-N2 A5 7|20 281 78h7] o] 4.09%= $heFo
L, o] % 38R A vrobA 43t JRstr] 3.21%, 631 7st] 3
sh A1l 297% 2 Solx, HedTa EnE wjgd S 40 & A
3.0-3.3% ¢} H] =5 21 H(Seo 5, 2003), dH o] At =9 B} =9kth(Kinoshita
¢} Masuda, 2012). 21 & A o] P 35 A A5 27|l 23 A3} 05%= 7F3
=9k, o] % M} vrobA] 4-83H JHB7]e) 0.32-04% 2 A H o], A AT A Bl

E ot vlawdd wf oA w2 Fao|doh K 372 T-N &% 2 A5
Z7191 231 Astr)ol = 2.0%= §Fe] Ao, 3-53k% M7 7hA 2.24-2.43%
2 oF7F Eolxa, 6-83H JE 7ol 251-290% = Sheko]l FrhE o], Aol A
EutE #]gd 39-53%HT= W S Both

Ca g2 23h 7Hst7lol 2.38% % ou, 33k B 43 7fstr]ol = 93t ZHastrt
7} 53 JHE7)| HE gAl S7Eek7] AlzFekelal, 53] 83 JHEk7] ol = 3.32% = &

Nk, 88 Mek7lel Ca T 2500 Asy] wok 14 Sohstel A% F712
S el ROl FFoING, oL AAATL EHE NIAS 48T T
(06-0.9%) Bttt =2 Zgoldrt Mg = d A57]7F 0.77-1.09%2] HLZ
qEAE 683 A9 Beol o %;O AFoz AeATF2 EHE
& AL 7 9(0.3-04%) KTl = 28k AN 3h7]el 0.07% % 7H wEsk

o} 33 syl RY FEs] St }04 85}‘% Azt o= 0.21% 74 F7Fat S
19 Cux 23H 713 7) o 1lmg-kg-10 4] o] F71a42 £33 7HAse] 8
39k 7 3k7] o= 3mg-kg-1011 oW, Zne 15-26mg-kg-1°] 2t} (data not shown)
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<QurEnkEe] H3) Aglo] we el FrgE>
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1.2 0.3
1.0
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nd 3d 4ath Sth Gth Th  gth g ard 4th Sth eh T #th
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EntEe] wbEA AfufA] A EA o] T-Not P st 24 917F S7hgol whet 74
H= AFolRoy Ca S S7tste Ao s HEEnE(Lee 5, 2017)9 A
o} fARSEA T 2#y dutEvtES= K Mg % Na 30 ASo] Jddss S}
stloy, HEErEE AR Xol7l AL oAtk Wilcox(1993)+ ErE
EZ A Al A7) gko] A atghel whel 9leo] AA 9l 1Ak RN ofve} K, Ca

- 220 -




[

2 Mg sheFol AAf gHagintal sl o 2 Ao A= K, Ca, Mg % Na 3HEo|
S7HeteE AES Hol tE EAS Bt ole AMEstE wgd T oEdae &

ZF zfolof] 7]<ldth(Seo &, 2003).

- B3¢ Sonneveld®} Voogt(2009)= EvtESL o] AufAl :=¢rth 2149 N 2 K
[e)

ghako] =i Ca¥t Mg ARt =Gl o] €53
STt Raustdn gy 2 Ao K gFo] oA
A 27 2 A7) FF AFolol ZIls AR A7 ofgE] T

N=E K3 Cacl ©f @ol A= L, 7 2 uj 717P°] AoAFE wj =] EA
K, Ca ¥ Mg & %ol =7t =obA A=A FFEo] Sk v
NO3-N% PO4-P&= 24 A8 Al A &2 5o ZHHH717J°1 el wet A
Aoz AZtEHLee &, 2017).

g
)
rlr
0%
2

R

%L IR @ﬂi} HHOM ECQ} pHE ZAFSH A= o}y
¢} Aok FF 4o ECE 44 5H &F7|7HA] 1.7dS'm-1=, ol % BF $7]7HA]
20dS'm-1=2 #3424 & A& 571 2 44¥ 5°‘7Mh R A=)
EC7} ¢FgF WEAY v =38t o] %

A3 F7bstd o, 549 17U HE +3 %—:uw}xl Ha 3.0c15-m—177}X Exdae =

olF tha BRIl el

<HwpA el uhE Fi3t wieje] ECsh pHe) g

EC dS.m-1

A2 25 o] F EC7F =obxl A& oAy A B} fAeH A (Lee &, 2017; Seo 5,
2003; Zhang &, 2010b) A} ujA] 7|7 Ho|il 7] 57} ol WAl o] Zn
T el ke Aol Alolgta AZFgtk. Sonneveld9t Voogt(2009)el o5t =
I IR F V1Al R A4F FrldA B3 dAaEE F7) Ao
o 2 AFdAE AS 27 7|2 it dAEHA ECE 24 e Yd s
iR =z

AT 7] L% Fgol ddlo] B FE Fru i 94
= f12le] Hof wjele] EC/ A Felivtn @@t o B Ade] B 4
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AutEnlEo| A wjade] Hu ECE 3.0dS'm-12 5 28 WS EnE 45dS'm-15
o} Yokt (Lee 5, 2017), ol&= EvlE =% 9 A5 Agd wef 8 2@ 2R
G5l Aol7F LAEIE 7] WiEo =z Ay

25

il S S5 & 9FE v A= pHeE dFE A& A& 98
el 1 94 th(Nelson, 2012; Yun 5,

2434 ool wjele] pH7F gkt

. g -
. =2 v T =

TLolF FE el pHE 56-64 MAZ W] aHd A3 3-8F 7k = v 9] pH

7b o st S B, 9F ol FRE = wF ARy wjee] pHYF vtobA] =

=
o]t Seo 5(2003)> WEHA ¢4 EvlE HolE Au| Al A FAH} F
F TIVNIR AFE oA il pHE A § BA7MA =
kvl Atk Zhang 5 (2010b)2 #HFHH 7]& HEE

= 245 EC7F obA AL pHYF Stobxvhal |
at5lth Lee 5(2017)% WEEnE wrEA FAA oA A A3E Bas
s x7]° NO3-N& &ol&9 Fe] wol pH7}
270l K+,Ca2+s A7 Fol29 F571 =+

o2
A7 T Fad Ay Frjdas s55 24 Z2ye ol
A& z7) o= T3 A wde] NOs-NEe #fo|7F A% & UAT F2] 55 F5H
AE D7 7hA wjele] FErb =oka, 53] A4 1250l FFA(718mg-L HE
) o (1,215mg-L el A 1.78] 7+ =94tk PO-PE= A 27|19 A4 65 744 =

5
o
i
=

N
N
rlo
o
O

= 1 o
fr
o
ol
2
=
=
£
lo
off
kT
N
N
Ho

~
Pl
_0|L
i
N
N
=
2
lo
off
=8
N
il

oy
)

7

et Ca @ Mg 44 25474¢1 49 54744 ¥
WMo} vt Msslean A% F/1E 25E Aol koAt Ea ne
Fe, B % Nak® A&27 %8 wjoo] s dafo] wghon] 4% F7lo):

gFo]2ltH(data not shown).
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<AWrEntES] A5 e wE g2 wjde] Fr|dE wish>
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—&— Supplud
—0— Drawsed _
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z _j// 3 ﬂE i I'\
g BOO My L })-V{ E" EH /'
F) J 1 = 0 4 M h
500 4
§ 25 4
400 e ey — 20 e ey —
45 4N 418 436 B3 S0 ST 504 BT BT A4 E21 G20 45 N2 419 4@6 B3 S0 ST 504 BT BT BA4 E21 G20
Data Data
500 260
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il ‘q' 220 ﬁ
400 4 Iﬁ‘.
) : \ 2w
B H o - H §
_— S = 160
¥/ L 1/\
280 4 = lh.\_/“'““/
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200 — F"_d\"’
" £5 412 413 425 53 S0 87 524 531 &7 B4 621 628 65 412 413 425 53 S0 817 524 531 &7 B4 621 628
Data Data
10 2
100
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i ;
& H - !
-l i =
2 g A
g . z
= £ Vq—/)% /-\\I-HJ/\/\!
" ias
e w2 uma 426 50 810 57 506 53 7 6ne 621 6 * ik wrz uma 426 50 810 57 504 531 7 6ne 6z 6
Date Diate
- @7 =3 FAAAl ST B FrlEAe] AR W A gloka e
g9 (Jun &, 2005), 2 Age] A AyeoA 59 10 o] Fod+= EE]' H o of] A
71 a sE7F =2 AEFgolded, ol ErfE(Kim F, 2001), WEErE(Lee
5, 2017), -‘—L}EE] 7H(Zhang &, 2010a) A H 1&7]oll&= A=A & ’g"{l\‘%kol =7k
s, EEE woleke] Ragdl wel Mx ol NAR Fr)9ael ko] FAa
8oz goEm olgg FrlolZ & WSk 9] Tz K vpel o] 7]
2 B AALEY AAHATE =2 AR AZED ol gFole &AL 4
222 A% P9s g del 9@ F7 A7 Baw Aew AzAn
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PR 3 S4& 3he] Boli= 43am, Te] L 55 9o
20 104 OU% 10a9 3 5972kgo] Ak

|
o2
<
fo
-
ot
9
=
rlm
DO l‘-|~
ft
d

I e 5 E 5= =
- (cm) (cm) (@) (kg/10a)
AUl Enl & 4.3 5.5 115.2 5,972

B AMETE W OPSECE o4 £FA A A 9 ujee] T4 R W)

O Ad4ds 2 A=
- 29EUEd BAAFLY A Yol A, BE 409 7 SHI EnlE

Shely
(Lyepersicum esculentum Mill. cv. Dafnis, Syngenta, Korea) W&EulE

(Lycpersicum esculentum Mill. cv. TY Tiny, Nongwoobio Co., Suwon, Korea) %
& AAg = B AFE Y5t

O Azl
- 20161 8¢ 18¢ He}olE wix|7F T3 ¥ Wl=o A2 A 160x25cm= EvtE BE
174 g4 skel 20174 29 109744 Aetsieh, Foe opupas] EvbE 4§

A]—Q—o}oi o theF 4o 4L NO3-N 7, PO,-P 2, K 4, Ca 3, Mg 2meq-L", 7|

2 4% Fe 2, B 0.2, Mn 0.14, Zn 0.02mg L 'glt}. koS =2 x}gko] 600W-m °
oﬂ T2d o 13 FEEG L, B AR Az E 2802 (125ml/5), 18
Aol Aol wet F Fad FH F 20030%7F vl H EE Fa s 243
o} TF 499 ECE A4 F 7] AAE 15~1.7dS'm-1%Z, °o]F A5 F7]171A
sdtgow, pHE & A8 W= Zxﬁw ka1l Akt
A 717 5 A4 uu HA &% 7} 15Co]3t= WrolAH 2377} AHg o= 25
L5 AAstdr. SA = 10em e HAS Wl AAsRAL, 2 FEE st
4-CPA(&H EH}E , FarmHannong, Seoul, Korea)& 1508 = 3|4 sto] 1Ll 2
8|5 BFVIE AX St AlETE Sddogux] ks o g wixstgon, Al
< 7let #Ee FHERvIEd HAAT A EvfES] Ay Eakth
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P A

14.3~22.17C,

44 F 1Y e A% FE

5k 49.9~74.1% <%

Q
T \H 44— 1
om o] & =AY E Ho]EHA A U 18.C §AZ 9ste] dte 7lE st R A
A FE7F 341 ~425% % S5 oA}
<A @A77 714>
T ¥ R H 3 A A &= ZHeE
= (C) () (C) (%) (C)
2016. 8 3 &= 25.5 34.1 20.4 62.5 25.8
A& 27.9 36.0 22.1 68.9 28.6
1016. 9 z= & 24.5 31.6 19.5 74.1 25.3
3t & 23.1 30.1 17.6 74.1 23.7
A 20.7 28.2 15.4 72.9 21.4
2016. 10 = & 18.9 25.6 14.3 69.6 19.1
3t & 20.6 25.2 18.5 70.3 20.6
A & 20.9 26.3 18.4 55.6 21.2
2016. 11 = & 20.6 25.1 18.2 57.3 20.9
3t & 20.4 24.2 18.4 49.9 20.5
A & 19.9 24.4 16.8 45.1 19.7
2016. 12 e 20.7 25.4 18.7 45.2 20.3
3t & 20.2 24.7 17.9 45.1 20.3
A & 20.3 24.3 18.1 42.9 20.4
2017. 1 z= & 20.3 25.2 17.5 34.2 20.5
3 &= 19.0 25.7 16.4 34.1 19.2
A2 Bl A2AT 24 UWlEnEE 2Qcn, WEEME 19em, G5E 50~5.74
ol 179 AEFS AulEntE (053g, HLEUE 034go 2 IdWEnLET A on A
sh7lel 4% st
A4 5ol A%
- Zj =
2w E¥ 44 4% 9% I E guy S
v (cm (mnm) (/= (cm (cm) (cr) A = A= (7?
0
UdutEntE 28 5.4 5.0 15.8 10.6 117 6.7 0.53 7.9
HegEnE 19 4.0 5.7 10.4 6.7 529 3.7 0.34 9.2
O AS A e duk-SEnE] A5As)
- AE A mE S F3e o} J%OM B vpe) o] 248 dutEntE H
O HeErET 71 HoRo|om A ¢ 90U = YHIERIEE 292em, WEE
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ntEE 313emA T G E 2F7 A Ago R W EuE 452v)/F 2 dutEn
E 381/5 R w4tk A £5(CGR)= WLErE Hu dutEvteEr wa
Ho g7 A2 30404 60Y7HA] dvtERE:= 227g/m/day o & WS ERE 1.3g/m’

7 , A2 60 ol A 0L 7FA] = ZH2E 1.06g/m’/day = A3
& Z7)19F vl v e ErEE 609, 90 25 1.2571.30g/m/day & = A

-~
- AETe dMEEV BeErE By 7oA dutEvtEs &3] 31g/5, 4
21 30 el 38.0g/F, 604+ 304 Tt 2.6W7F S7FeE 99.2g/55, 90U ol = 348 7k

=713 130.7g/F % F243) A vt W EnEE A2 3001 o= 13.7g/, 60
do| = 52.8g/F % 398 7F S7FsFA 2, 90l = 6.647F 5713 90.3g/F =2 LHE
LI R S g

SRR me AwEriEe e EHEe] A4S
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= Ss0
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=
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O #3 "ol W& o #7187 =

- 7b 2 A9 shgol JiEkeks A7l EvtE e AF skl FIAdE #
A3 Aab= 9 2" 2 drEvkEe] T-N a2 A5 27100 1354(4.92%)
A 43P(4.25%) M= wkou, olF shelM= HAF ZFAske] 103l A=
29%7h A okt Wk W EvtE = 230 7| 3h7] o] 461%% A =k o)
2hb A 9= 35674% = 2 WE7E IdTh dRtEvE ] Po] $FEE2 0.4370.55% H 9
2 3 d Z Aol A, HEEES 0.2600.34% %2 tha Sgkon Al %27
13 78 7] 103p7h4] 23 49 M2 2 2po]& HolA] gttt dvtEwnE
K &S 138~ 33t 7Rsh717bA = 1.66~150% = $hFo] =okot, 737108
THA= 078~117%% A F7]d= Yopdv. WEErtE:= 3310 3 6311l A
1.071.2%= vrko}, 1 9= 15371.87% = =of dHtEntEe} nkg] 7 &o] gl

o
2 Hr

e

- Ca® QHIEREY WEERE BT ASx7|d e shefo] voton AS $7|2 z4
F 2 ko] ol = Aol UNtENLEE 63 E FFako] olx] 93wl = |

Wtk 158 7F B8 204%, WS EREE 73HH251%)FE o] Eold A
719 103l = 2.85% = 13 Rt 218 7F Eokoh Uwk EvlE Mg st 3}
W 7koll 057~074% 2 WL ERE 0.39~069% Rt} tha =4 B0 Ak &
HE Na 352 0.07~0.14% =2 A5 SAE 7lA 2ol 7t Aoy, HEErEs
0.09~0.14% & #4153

S EA Aga) vaste] ¥ ou dutEniEe BeENE BF A% F7)dE TN
e gasts Agolglon, HEEE o4 430 A% wA 2ol 7} 4
o ol A BviE Po Fae wEd A48 wrh oA AN Be Wolgl
[e] A

L P = -1 O
ou e EvtEE 7 2 EF 2 2ol gtk K 2 w4 Zge M= o
%—1 s

2 Aol 9ol olde] Avtz mw ABAY T A F
A e ol BrlE EE ol Aol7t Qe 2 oW, BviE

2y H S o
Auf Al g gl aelsteol 3 Aoz AZtETHLee et al, 2017).
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O A=A 43 vjode] EC, pH 2 F7] ¥4 W3}
- EvhE £7 o AAY AWM BT Fl} vjole] ECoh pHE A Adhs of
g 2y 2o FF9e BECE A4 F 10U73He 15~17dS'm-1%, 119 F+ 7t
A 204035 m-12, o]F 5 27| 71A= 23dS'm-1E el A #lshslch dnk
EntE o] ECe AS A7l 9710¢€ ol &= 2573.0dS'm-1,5 471 1171¥ el &=
30737dS'm-14EZ %A wEH A $LErES] ECE 995 +RE 119 %
7HA = 30dS'm-1We®  wiEEHda, I o]FoE durEntE  HTp 2o
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3.0735dS m-1H el A viEE o] WEEvIEZE & 1 HHHA dH A

- Al S ECHE = Hoﬂiﬂ EC % ]}\1 -T’—:Loﬂq EC =

rlo o
12
ruzi
_O|L
S
i
i)
)
N

7] 2
T3 FASA WS EC T

2] L 2 g
A STl F7FsAAYH(Seo et al., 2003; Zhang et al., 2010b) %] ol ZkE 5}
= 7] 9o o] FTkeke ddlo] Hof v e] ECTF HAF okt AZtE T
(Sonneveld®} Voogt, 2009). o}-&2] wjx]o] FA-S FFahd o Zo] Hy| 47}
2 SR x| Fo]2A 3t Foo FAEHM, Yol FATFo] dA FFo
Egy Foof AEo] 43 4 9l o] TulEth(Bar-Yosef, 2008). ©] A]7]el
Ldstd wjoe]l Fr] A wERE EmolA|n E Ao Auf 7o ujfe] ECT}t
Eold I thE Ydlo] Hvka Azt

ARG we dEniEel e EniEs] FH vele] ECS pH Wk

=t=appied B fomatoldined] =L chary tomatodined) b pled ol tomateldrained] e cherry omato{dsined]

1o/
A0 25
FEWE]
RV
1118
e
1z/13
]
12T
EVeEd
a/10
T
asza
1731

ER Fe]

Date Date

2 AdelAs 2] pH7E A A Sl Ak Mol /o] pHE ZdskA] i AL
& A 98 T Aol FHe Hoviee] pHYE 687702 Ya oy 1
Q] A7)l = pH 62768 Mol #aEdu}. wE Autz oz FFol B} ujolo
A pHZE A frA =t dnbErtE= 109 sherbAl e Bl e] pHis vl
scatl mstsglod, ool Fol= wefe] pHYE o skt Wi e EviES A
271598 114 3t 7hA= el e] pHE SHA| FAHAT L 128E719 4% 7HA =
T Bl B Bl A E o] dntErbES; whtfe] Fs ®elTh

o

URbA o2 EvtE FAAMAl A4 pH M= 556502 484 de=d, 3=
A2} ZF A= o] &9 F7F WolAd pHIF EolA| 7] 4% HiHe, i A
H AL W AFEY A AP oA o] FF7F Ao pHYF Holxl Ao w Azte
TH(Amon and Johnson, 1942). =3 WM& EE= A8 27] dWMERIEE A8 3
of wj}e] pH7F WrokE=dl ol Aol ol wet o] F47 Fol de]o
A Aol 1714 obrl Al So] Wol v AR AZEh
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- A% Fde w2 7714820 NO3-N, PO4-P, K, Ca, Mg 59 5= Wsts w7 9
ste] @27] o] ECE 2.0dS+03-m-12 FHatuA 15U (H40 R Tt vjds
AH ICPRE A3 Aap= obe]l 27lat 2o 5o]29l NO3-No| 59 55
6007800mg-L-1 ®9lolA 5T A5 dVEnE 3 BSErE BF A 275
B F7174HA s e} B wfdel A ghgol wokth W EvES A A 73te F
sted F5 o ®k wf ol A 2007400mg-L-1 B &= =okouh, 119 sk AellE oF 600
mg-L-10% B wdth dWtEvte wjiE 1149 &4 v dFe] glglont, 17
Kl OWOM 1007400mg- L-10.%2 B w& FFo|dom, i 54 2ok A
& AFE WAtk POA-PY ¥ 9 FEE oF 3050mgL-12 F APnt g =
Al Eaetsle w dutEviES] wjde 1149 FeA = eadat 2 Aot flfle
th, 2 o] Foll= 13715 w3tk e EvtEE gF B wjde] 2ol= 2 15
W7EA] kv R AS7] AvkE Fetke] 11d A 119 SeelA 129 Tt
A sEe) g2oweel A vk Ay nu wE7F 2 FPFe|d

K= 2007400mg L-14 %= &watals o, dvEvtEs] wjde 1149 w74 3007
400mg-L-122 2 Ael7k gllev, 119 T8 19 FE7H4 4007650mg-L-12
= MEHAG HRFERER wjdoN s=rt A& wobA, 114 steiEH 124
7= 600mg L-12 gl =2dk -, o] 400mg-L-17k4] FHaw =

Stk ER & A Hoh a3 ol

%!

o} ol A TEE =g AS dAEEE FFo
At Aol Cagl % WslE T3 AS 2007400mg-L-12.2 319S uf Kol
I FALEHA dutEntE @ e EnE B ajdoa vt Hgkon =3 11€
ToHFEH 19 FE7HA wjded A o =4 wlEH Ak Mgel Fex Iyt 9 & Ew}
E BT AS 27)5E 774 FF QR v A w7t =don Mg 9¢
st 2 119 Fool widol A X7t ¥ 2 AFolUTh Few miA oA =i A
71¥ BEx Algh Aol
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EntEo] vj A&8S fJgh Yoz ujl 8_?%*% Trsk7] fgk A= AR
kel T wde] nAES A=l HiA Al = PDA HIA(PDA 195g S5 500
m)E WEo Hirsle]l 50C AEZ WZAZ 3 B 2 Hd (AT 1"&:11] Cyclohexumde 50mg
/2, =3%Fo] 8 : Streptomycin 0.5g/¢) A H % Petri-dishell #
stk M e B 1g (e 1md)S Inl BSFHaol =&35Fe] vortexing. W3l 3149w
T s A skt S A e Imls HiA flel e R=dsoR wiEu) 7] R=wsial 2
5C~30TolA wiefatol @A E colony AlFstder A= med v AMdS mds -
= colony 7N+ x1/3| 4wl =2 83T
ofolo] FFy wldo] Bysts= mAEe] 4= 23x10" “34x10° cfu/mlZ FFI H]d
AR A7 whe =LA 108 o] o] Zpolrb Qlow, Fe mAES FRHE 24T o v
otttk wElE AdES A ASHAAT colony 9t AfolE Hol7] uwitdl,
FH 16S rDNA d714LES o] 83 TAHo R HAW o1 E Ausjol & Zow Al
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~
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[e)

89 - B, RO 2.9%100 2 o,
= Wy oy 18%X10° 3
99 %%QHI 85><1O4 2
= Wy o 3.4x10° 2
ol 5.3 x 10* 3

S O O B T e e
104 W o 21x10° 4
ol 2.3x10* 3

) O B T L
1= TS 13%10° 1

FQE oy PA(EVE 54 894
- Pseudomonas sp.. Pseudomonas marginalis pv. marginalis (;+54%)
Pseudomonas corrugata (7142 S4)

Pseudomonas viridiflava (A 77454 H)
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<109 33> <119 >

<8¥ djj&> <9< ufj ol > <109 yjjE> <114 Hji>

<A71E v AE w3

O A= Aol A EvhE 34 5S4 2 A

- AMERE R PLECE AY AuA mE 53 AA5Y D SHe e
2o}, dutEntEE 3 64em, HE S 2.8cm, FFS 21.8g ol o, o wE
S e 101~150g0] AAIFEEe] 31.1%91 2,079ke/10a o] a1, 151 ~200gS 34.2%
o1 2284kg/10a2.5 7H4 WO, 201~250g o] 4 Ao 186%3 T}

- e EulEE 3ol 35m, B4 28, }EL 155g oo, AEA mE &
FE 20g0] 4L 235%91 759ke/10a0] 9L, 11~20gL 45.7%91 1475kg/10a0.2 7+
Wtk 1029 43S dUENIE S 6683ke/10a, WS EuE S 3228ke/10a ©] 9T},

<AdntErlE 7 B4 9 wFe mE Feka>
A% #A FH= Bz H FeFAdkg/102)
@ 100 101~ 151~ 201~ 250 ]
‘ ) @ ol o} 150g  200g  250g oA & A
64 77 o1g LO75 2079 2284 1,018 227 6,683
(16.1)  (3LD (34.2) (15.2) (3.4) (100%)
OLEERLE 7 B W 4E W ey
I & 7 7 7 = FE & 7kg/10a)
(em) (em) ® 20gol  11~20g 10g°] &} A
759 1,475 994 3,208
35 28 15:5 (23.5) (45.7) (30.8) (100%)
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=2 T o =X =
TEHERVIEY =SR] FAAN AALsHe2dA B HE FES A
stal AFAI7IHA 2 AAE FdsAY B E ol E Hl &S 91,

- Al ]

g7 Ak EFS I ES HelolE H|Eo] 9, 64, 3172 AE] 20159 39 E-H
8Y7A FHe AHE o] &3t 20159 9Y X2 E wWof HAsHrh FATFS
A3 FAxAL N(NOs-N): Pr Ki Ca: Mg = 12(11):1.87:2.81% gl om, oo =
T ASA7IY mek EC 1.0715% stk A7 @53 F9 9dolA 11¥€2
200ml, 129914 1€ 250ml, 2€ oA 492 300mlZ 3t FF314= 92l 1Y

A
& 43], 290 A 492 63 = 3T

B
AN Ee 12958 49704 53] AA AHGAT. AHT ARE 5CAA 244 3F
Azetal FAe § da g A AE 9 vfadlas AT dAas Agg o
2 BAsAa, A ZE 2 rlovlEe FAE AR gatez AR sk 100
v slA oo g Az §F FEAFEFH2HEZAICP)E o] &3te] 41353

- e} &f o] 5}k

pHeF ECE= AHHAZ A5 NO.2 o #A 2 o35k § pHE IQ-150% 37438t EC
+ ECtestrll2 SA3lo] dS/m= #7I¥th Al A4+ RQflex 10(Merck,
Germany)= =439, <A ZE, ZE, vlaul$2 ICP(Intergra XL, GBC

Scientific Equipment, Australia)® 41t}

=
[€) R
FE TRl mE ASE AV ES v Eo] il HHolE H|go] WS E Y
3, 9%, A% A%ol $aeA 2AHA olelF ol i mATEe] H9 FRE
Hfete s8] 5t AFe Had s T2d] TFsA7] WE o A
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<FES Tl wE A5>

FFAINE : HeolE AW (cm) A% (cm) H= (cm)
9:1 17.8+2.3 9.7+1.9 7.8+1.7
6:4 17.0+2.6 9.5+1.7 7.7+1.3
7:3 16.4+2.6 9.3+1.9 7.6+1.2
- AR FH wE @] do FARE IF
@) o) )R e JES Fiel we mmyE) Hlgo] ki, HilolE
Hlgo] vre maAvES Helo]lE HE 9104 7 =gkoy A 2 WHste 1o
A eroktk

F7178 2 %)
FIIE : Rl
P K Ca Mg
9:1 0.48+0.07 1.99+0.14 1.03+0.26 0.3840.05
6:4 0.4740.07 1.90£0.30 0.90+0.14 0.35+0.04
7:3 0.43+0.06 1.94+0.18 0.93+0.16 0.36+0.02

!
o
frt
1o
of\

==

ol mE A7 wjele] pHel EC R 7142 &
FEO Farel wE wiehe] pHe AFA7]0] met 6.7014 5602 vropx = 7
Blal, FEe HepolE Hlgo] =5 45 A5 gl whe} pHIF Srobx] =
HAoh wjed o] EC= 05004 20082 AFo] Aafgo wet molA= AEs

rr

o o
oA A

[e]
=
wojel B4R Ge wE FEAA NOsN, K, P, Ca, Mg #0193, Hebo] =0
% Fest Mno| $Fo] =mopA= AdFs Hth
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ca@sEe} "ol Hlg 914 el wiole] PR Wsh

S PR G - mgll)

=]

T NOs-N [ P K Ca | Mg | Fe | Mn [ B Zn | Cu
129 07¢ 300 29 | 113 | 66 29 [ 010 [ 0.10 | 0.71 | 0.54 | 0.05
1249 15 405 40 | 168 | 100 | 40 | 0.10 [ 0.14 | 0.72 | 050 | 0.05
129 299 276 36 | 147 | 77 30 | 026 | 0.09 | 0.68 | 1.06 | 0.06
01¢g 11 174 15 98 24 9 [013] 00103370221 003
01¢ 13d 78 14 79 29 11 | 016 [ 0.00 | 0.28 | 0.49 | 0.05
01¢ 19 108 29 81 77 24 1008 | 0.03 ] 030 | 0.24 | 0.03
01¢ 28 438 42 | 160 | 108 | 34 | 0.24 | 0.06 | 0.21 | 0.54 | 0.06
02¢ 06 540 48 | 192 | 119 | 37 [ 017 [ 003 [ 031 | 0.32 | 0.05
02¢ 10 567 59 | 227 | 143 | 43 [ 0.15 | 0.10 | 0.37 | 0.39 | 0.06
02¢ 17 519 56 | 215 | 144 | 43 [ 0.22 | 0.06 | 0.43 | 0.43 | 0.04
03¢ 14 210 39 | 110 | 71 21 | 044 | 0.01 | 0.28 | 0.32 | 0.02
03¢ 18 309 50 | 131 | 107 | 30 [ 0.21 ] 002 | 0.25 | 052 | 0.04
03¢ 23d 444 64 | 171 | 140 | 39 | 0.20 | 0.04 | 0.25 | 0.37 | 0.03
03< 30 525 77 | 241 | 169 | 50 | 0.18 | 0.08 | 0.35 | 0.40 | 0.01
049 07 636 57 | 220 | 155 | 48 | 0.20 | 0.07 | 0.37 | 0.39 | 0.04
049 14 985 61 | 224 | 209 | 67 | 0.61 | 0.10 | 0.54 | 0.95 | 0.14

<FZFAIES} HZolE H|E 374 2] wjde] Fr)dE W
B el TR (IS me/l)

= NOs-N p K Ca Mg Fe Mn B 7n Cu
129 07¢ 348 38 | 151 | 103 | 29 | 1.20 | 1.20 | 0.51 | 0.92 | 0.18
1249 15 429 41 | 176 | 118 | 29 | 1.59 | 1.36 | 0.82 | 1.00 | 0.18
129 29 309 37 | 141 | 99 23 | 1.48 | 0.86 | 0.41 | 0.70 | 0.09
01¢ 11¥ 111 14 53 35 11 | 046 | 011 | 0.15 | 0.32 | 0.03
01¢ 13d 186 19 78 55 16 | 074 | 0.28 | 0.14 | 0.51 | 0.04
01¢ 19¢ 363 35 | 134 | 98 25 1093|044 | 019 | 0.75 | 0.07
01¢ 28 483 49 | 183 | 126 | 32 | 1.71 ] 069 | 0.23 | 0.80 | 0.07
02¢ 06 555 56 | 210 | 138 | 35 | 1.60 | 0.95 | 0.26 | 1.03 | 0.07
02€ 10 573 66 | 244 | 159 | 41 | 1.77 | 1.40 | 0.32 | 1.42 | 0.08
029 17¥ 507 59 | 217 | 142 | 38 [ 235 | 1.77 | 0.38 | 1.57 | 0.07
03¢ 14 360 44 | 155 | 85 25 | 131 | 0.85 | 0.12 | 0.84 | 0.03
03¢ 18% 429 57 | 189 | 117 | 34 | 1.34 [ 1.13 | 0.18 | 1.29 | 0.06
03¢ 23 462 68 | 211 | 134 | 38 | 1.62 | 1.25 | 0.21 | 1.33 | 0.05
03¢ 30 549 63 | 258 | 131 | 40 | 1.62 | 1.26 | 0.27 | 1.46 | 0.06
04€ 07 634 47 | 185 | 147 | 53 | 1.59 | 091 | 0.68 | 1.35 | 0.08
04¢ 14 845 57 | 218 | 185 | 55 | 422 | 1.63 | 0.46 | 2.10 | 0.12

- AR FRo w2 FFolel tlE wele AR ug

T do sk vje] Fr)dR e B T H &2 NOs-NolA 718 #fol7F 231, K

ol om, Pot Camol et 3k Fg o] dollzrdom njds Ae&sty] $aiA

= NO3-N+= 56mM, K& 39mM, P+ 0.8mM, Cax 0.7mM F7lsfjof & Aoz 1A

= AT

— 236 —




iS008 w123 EiE NJ2E Wig E4E

81

£ 107

m et

M &1

—_— ‘ | "

H 2 1

g O e ———

NO3 P K Ca Mg
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(= 3 hnar
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Mo B

NO3 p K Ca Mg
i o] 23] 4% (CoCo.Per. = 6:4)

KAIAES} HelolE G:401 4] TF A3} wjf o] G = HE>

EESTY WDE W1E W2FE WiE w4F

=

ok
o

(= 5 ) or

g =
[ n T T N T - |

b e e e e e e e e T

NO3 P K Ca Mg
WMol 27|48 (Cola Per =3:7)

KFFAIES} He}olE 37042 FgHT} vfjoe] i F HED>
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747# 6:2:2%1

&2 H 30%9} A f‘»‘h*r 70%5 E3s w32 SRR ek, B A
o —S—N(NOg N): P: K: Ca: Mg =

7oA 1322 o pHE
= A AE% HERZ~ Y Hepo]EVL

THVES A}ﬁo} Ath Al7E B 9ol A 11492 200ml/5/<, 12

<=

Holl A 19 150ml/F/, 29 A 492 300ml/F/Y &, aFFol 53] o] J’]‘TO]'

At Agel

AHEE FE Ao R 20161 9€ 109 G Alske] 2017 4€74A] 2 A

g 5939

4 e AFEA A7) Fe whek Ase] g FAT 30
7, F49% AN A 12070 dhehe] Z o} st

40% %€ O ABA BAAE BAS ARG ARE BTN 2447
Azstu BAG F, daE Agyor By, s 25 2 shadee DAl
sedazt, dato AReste] 1000 AR Az F, FEATE =Y

Matgieh WA zAbs A A2 E = 12Me] 449 1205

ECtestrl1=
Germany) =

d 3]

3HF Feke] AlmRE AT W
g & pHE 1Q-1502 =4 3ta, ECE

=43t dS/m= #7|skder, Aske] FA+= RQflex 10(Merck,

B33, <xk oz 24, vtadlES ICP (Intergra XL, GBC
o

1

=
Scientific Equipment, Australia)® 433t T34 3074 39502 FA}s)]

10a W4 o

H, FEof tte= 3 AAE 27fo] SAM-7300%

kgo 2 38193, A EE Rheotex® =43t g/mm’o = %7319 2
=74sto] 247; °Brixet % & 7]

st
o) SAANA Welel Aol T A%

Mol Algol me 4w 47 % %] 45 YSWARE 2 Aol7} gol,
Mote] Alggol wE AR WASA WATh ASRARE QU] F 4
PR Aol L AHE uT

B £AANA el ATEol T B0 48>
i 114 (cm) 24 (cm)
hE 9 | 9% | 9% | 997 | 9% | A=

wjel o)) g

 EE R

17.7 a* 12.2 a 9.9 a 16.3 a 94 a 7.5 a
17.6 a 125 a 10.2 a 16.8 a 9.2 a 7.5
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LR

s 7jE 8 s HFYESK

n32Y s7jEEr sHTEEP

s 32Y e7fEEcs wHTEECG

<o} A &-gA o] P B

7

6 I

57

4

3 I I I l i

21

3 ll l J...

‘%
el ABeA wjele] K Wk o) A BEA Hle] Ca Wk

<o) ol Ajgrgt ulAare] A7) wele] BrlA ¥ g>
S @) wjele] st me Furdy B Ed
Wene] AEao] W g wae] wATE Jolr} AA 2y 4M ey
ol A A 2ol 7t YA, m SO 4 W] Aol A ddkg/10a% E71 HA W,
EAA folde gAth B AdeAe] ol Aage] mE e ua Aol
Wolx| erorth WAEAE 2Al A7)o] Wl Awel FrolA Ho]7] QYA o]
b3 2, A A gk 2 Ago el wel o] e vz
Ao) wAls x| erorl.
<o) A Wl A ghge] e A
A g 129 19 29 39 19 A4
vl W =] g 994 387 1,097 2,329 1,128 5,935 a
ey A g 940 442 1,101 2,382 1,026 5,891 a

x“t-test 0.05, I %

ZAF 120166 11€¢ 189 ~ 20174 4€ 10¥
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<=7] FAAN W A gl nhe FAFA>

) A% (g/m®) = (° Brix) A= (%)

o 15] | 23] | 33 | 13 | 23 | 33 | 13 | 23] | 33
Hj <} vl A8 11.1 10.9 10.2 11.6 11.5 11.1 0.66 0.67 0.71
Hj <l <& 10.2 10.7 10.4 11.3 11.8 11.0 0.64 0.67 0.74

O 271 3 AuA FE] AHE

3
“

o

>
o

H
H

oz,

121D): 1.8 70 280 1= A g3t
Aatgint & Al =
7k 6:2:220 ERHEES AHESATh A7 R

6.00%2 %

o A 1¥- 150ml/F/4, 2

29
g Adel AeE EFe aw

T8 7Y%

ECtestrl1=
Germany) &=

Scientific Equ1pment Australia) &
10a ¥4  kgoz Ftatdar, 74
v, gEel AR 94 1AF

&t

o},

=
O
T
Ll
)
oo T
ol
ol
£
M
2 F
[}
ol
o 2

_O‘L
b 32 38
e & K

AT
:OL_‘l

=
2
ml

o

*ZARA7] 24 144(13]), 249 174(23]), 2¢ 21L(33])

AL 197, 294, 3AAE
ok
[e]

o,

=]

1]

Ol

Azpel] wp2 el

Lo

71742 Wst

2

FAe] 2442 N(NOs-N): P: Ki Ca: Mg =
Fal 352 EC 0.7914 1522 3 om pHE
IV E JERA W Fgto|EV} 7t
2 99 M 11492 200ml/+/4, 12€

ARE-E A=

A 498 300ml/F/U 2, 3F5o] 53 Lol BF3Y
o=

2016 9€ 109 A4 ske] 20174 49d7b4] & A

38714 AFEAL B4 Fol ubeh Ago] g $A T 3u
Z2sh NS 71E A 0% tstel 2o A8}
A2d TARE BAL AAE ARE BTN 24X 7

;Lﬂ%l—m oz H/H 0]‘}%37‘

Aabat ZE R ovhadla 2 24,

y

o SN ow A% F, FEAGEeEoE

’

10
ol zAlE A AX2E e 12Md] ZAE 1205

A HASE SHF 5k AlRE AFH SR e
A2 o3t & pHeE IQ-1502 &4 3tal, EC+
E7)sk o, @’&Eﬂ A+ RQflex 10(Merck,
75, 24, vlad5e ICP(ntergra XL, GBC
BA5tR T AL 30574 3R o7 z,«],g}oq
==

Rheotex® ZA3le] g/mm°o.2 %735+

Q
L

o 7fo] SAM-73002 =43t 217 °Brixe} %= %7
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</‘1'E-/] /\].Q.oqx}oﬂ ,;q_e HHOH/] ‘T7]/HB /\]6404_? 7>

- @] FAAA GEAR W}E Hj <} o] pHeF EC

FFde pH7} 602 AS AE9 pHE RE AEoA A A§%7]7 5814 7.094}
oz ZARRE, A% 5o 60A Aol A% FAAE 7074 ol Ac
608 == Yol Adoldn. olYd Aite e GO /‘él} *ﬂ%iﬂoﬂL
NOIN ¥ Solee] Faukol wobdl pHl wobAi, AN FAT A5E|0)
Fol 29l B4Fol obA plll Sold A6 WAL, 4520 pirl 2ol
608Th ok o) %z @] Hlele] pHE ERe BCF %8 A% seldths A

Adz 2 oo K279 EC7F Aol vla) 297 wiEog soEdch

AES] AFE AR wEbE 1 dA A ES] pHYE B 64302 7Hg =9kal, 39 At
FEAAN Bt 61322 7HE vigkow, 2d A FEAA = Wi pHIE 62322 AL
of, FEC] AR§ Aol whe} pHIE YolAl= AaFs Btk ol g o] FEW 4
g AS A Qe AEAR g e B¢ ko] Zv}
% Aol M= AEY A FH o] wol, AES AMgAxto] ube}

B g B
pH7} Srobxl Ao = Ayl
—i il pH =——2WXpH ——3YZX} pH
8
F - o =
6 -
5 1
4 |
3 |
¢
1+
o . ! : . !
1/0 1/5 1710 1715 1/20 1/25 1/30 /4

R Azbe] we wjele] pH Wah>
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A7) ZF wjele] ECE RE AEA EC 087155708 ZAE =, 109 3
11%.4 HHOM ECE #Ht 1272 =i, 193 299 ECe Fit 0912 $HA 2AHY
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2pol] whel AL o] FhEFo] molA e AdE BHAuth

AE7170 Zo mjdo] Ak Ht gdFe 134 AENA 3lmg/kg, 233 FENA
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—14A} NO3-N = X2 NO3-N  — 334} NOI-N —1EX}p =——2042}p —3UXP
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o 4 | . . . o ' . '
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Sk, 271 o FUIAEE

o] vkl

Ae e 49

F

Slako

= O

| 2ol 7}
% wrhs el vl

s}
A=y

A o=

fre Bl kv vlE s
gol wopve <

FANRRE AE Aol whe vhdlgrel gakatolst o] Qe vhvilg gl
kol = W AA] 7] Wt E ddE A
GHEQA we @)l TAAR e
A g T-N P K Ca Mg
192 4% | 3324003 | 060019 | 2.66+0.97 1.0420.19 0.38£0.08
2d2 4E | 3374002 | 0604027 | 2.52+0.96 1.2120.15 0.37£0.10
39 4E | 3412003 | 0602036 | 2462098 1.2540.17 0.38£0.11
#5 t(n=4+ EF A, 2016 11972017 49)
w) SR FEAA] B2 B Y8 54
As F gu gy 93 1193 29 25 3dx AEoA 714 58k, 1dxr A
Bol A A 2A 2AH ], ARAA] w4 Qe Agol $redr @
7oA 7Hd W S AR stE T Ee] AR, o9 o]l Wr]e] A&o] A
Eo) ALgIAo] wel $4 A o welu wy) Qo) Aaghakel Bk AR
H AALFT7 =37] Wtz faEAn
CFEAA S we A=A AE>
_ 2016 119 172 (cm) 2017 29 279 (cm)
A deE | 9t | 9% | 994 | 92 | a=
193 AHE 1842 | 126a | 100 a 15.5 a 8.2 b 6.9 a
2d3 4= 18.7 a 126a | 103a 157a | 86ab | 7.0a
3dzk A& 19.1 a 12.7 a 10.2 a 159 a 8.7 a 7.2 a
“DMRT 0.05

RO mE FE ok A= 7}
1443 1049 274 = zol7} U o] 23t Ayt BE Aafol] mE FEW gl A

ol EH ok MEA7Iel FEFES WA wF F Aolvt obd S & F AT
EEAAM e F2 9k ANsAl)>
A g =H A7 WBA 7]
1da 4= 10€ 14 10€ 274
23z FE 10€ 14¢ 104 27
gz FE 10€ 14 104 274
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- 7] FAAN FEAA e FHgdd HAEA

FES] AFE AR WE RS =
TEAAS 1dAkel 292 RN £k, 2T 719 1= 3dAk 4
W, 3E7kA1 9] Al #FA L 2dar FEAAM M wmokod SAA FodS Il

A ~12¢ 14 2¢ 3¢ AA
1dz dE 1,039 117 893 176 2,225 a”
23z ZE 1,072 120 1,104 101 2,397 a
33zt HE 914 150 973 169 2,206 a

*DMRT 0.05, =34 : 20161 1149 ~ 2017 3€ 10¢¥

o] Abgelatel 2 299 B EAE Awe FrolA ALEAde] BE o
A% AR Hoth AR 393 FEAA HE ok RO AGA ] upel /b5
AR me, BEE Anel v 14 AR A 71 ol AR o] ARgeld)
of wet gass AT BAAT EAY fo4e QT oo HE EiHo] mE
FUED ATANAE HE ERE G Aol 24 ool AEAA] G JUE
Ao #2714 A7 Bad Ao BuHt Ars dEdde gE A4 2
G2 wolx ottt

TS AFEel] uE BHAED>
A% (g/md) g% (° Brix) A= (%)

A 15 | 28 | 33 | 18 | 23 | 33 | 18 | 23 | 39
19z A E 10.5 8.6 7.1 11.6 10.0 10.0 0.69 0.65 0.77
2z HE 10.6 94 7.9 114 9.7 94 0.72 0.72 0.62
3dx HE 10.8 9.8 8.4 10.0 9.2 9.2 0.71 0.69 0.74

*ZARA 7] 29 214(13]), 29 2494(23]), 2¢ 28YU(33])
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O =7] & EColl thah mjHe] 2r]d% wst

@] A Fele] BColl tig wjole] )%
o) HEE AT A4k A% A7 F Fele] ECE 04, 07, 1.0, 1.3, 16, 1602
g A%} wele] o)slshg e HAsgh Felel 24E NINOy-N): P K:
Ca: Mg = 12(11): 1.8 7: 2.8: 1= 3s}o] 3}Fo 9 400ml? A2stea, sjxe= 22
MEs MER~ B HAelo|Ev} 247t 6:229) EFYEES A3

o,

H3kE dolr 7] ffste] 3kl 3L
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- @] FEole] ECol e A% 4=
FFole ECol WE A%y 424 3

<EFele) BCol W A% 4%4 3>

okel EC =% iy q= dELYF
o (cm) (cm) (cm) (SPAD)
1.9 34.4 15.7 11.5 48.2
1.6 34.2 15.6 11.5 44.1
1.3 33.7 15.5 11.3 43.7
1.0 33.3 15.5 11.5 41.4
0.7 33.0 14.7 11.0 40.5
0.4 32.5 14.5 10.2 39.1

- T e ECol gk njefeo] ECH3}
f o] EC= oHd e EC7F =555 =/ A A=, el EC 1.9, 16,
1.3914 9 109 $9] mjHe] EC= 72t 3.0, 22, 1.622 FHH 4 ECRT =4 =
AL, FH EC 1.0, 0.7, 04014 mje} EC= 2H7} 0.8, 04, 0322 & ECHT
S A E AT e AR el whEk wf el o] ECTF dA A A H = A7 oF 10
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T7}r§g—/‘_}2g?—%t P K Ca Mg
5129 29 112 8 6
5/30 25 112 9 7
el 5/31 25 116 9 7
6/1 22 116 9 6
6/2 22 107 9 6
6/3 19 107 9 6
L 24 112 9 6
FN BH 25 135 59 12
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<EFwd ECol we |7 F71Ad%E 3 %)>
& EC P K Ca Mg
1.9 0.50 3.19 1.09 0.52
1.6 0.52 3.00 1.07 0.49
1.3 0.51 3.14 1.07 0.51
1.0 0.50 3.16 1.05 0.50
0.7 0.44 3.19 1.01 0.50
0.4 0.33 2.62 0.95 0.45
O =7] #FFol e A e FrdE = v
- Ay
7] AIAl T = d el wE wjde] YRS dolry] 9Jste] sk #
TS F 300ml, 420ml, 540ml, 660ml, 780ml1% &}F-ol 33 o] I3 A,
w7} FEo] FIE RS EAEA T o] 242 N(NOs-N): P K: Ca: Mg

= 1211 1.8 70 2.8 1= st wjA+=
6:2:2%0 THLEE AHEskaith

mavEs YERS ¥ Hefo|Er} 717

- @7) BEgel wE A% g
B ol rolol meh AR Sk Mol Fohstach Bl e e
el Apel(amA)E | mes 7

186™266ml/+/<d = HFFo
(y=-0.003x*+0.4724+71.893, r*=0.99)8} G t}. o]l & A= F3
o FEFFIN TUFE Lo ATHAF & Aoz FIHUY

<m7] PFge] W oo A3t vl

THFHA) =7 H) 24 ZE(B) A i Y &

(ml/=/<¥) (cm) (ml) (A-B)ml (%)
300 33.4 114 186 38.0
420 33.6 196 224 46.7
540 36.2 300 240 59.6
660 36.5 402 258 60.9
780 36.8 514 266 65.9
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iﬁg c:__,_Ali p K Ca Mg
300 0.40 2.20 0.99 0.31
420 0.37 2.20 0.86 0.33
540 0.39 2.01 0.76 0.30
660 0.47 245 0.84 0.33
780 0.44 221 0.72 0.31

& TN 2% 2017Lﬂ 991011 g4 O}j *@%’\]7]‘5/‘1 = AES AT W
AE AV E: ﬁEUi HepolE= 6: 20 290 EFEES AHEe L, 5717 59
FEFS AsA7IE R, 98971192 &F e 9 250ml, 12€714 2 150ml, 249 o] 5
= 300mlZ 476314 o] BFkdnt. Gt ol ARSE Fee =AtE A A
A g N(NOs-N): P Ki Ca: Mg = 15(12): 50 7t 6: 2% ZA st & skt o
of WAZE o] Folli= AR FH 329 29 wie 329 1+ ¢t dFEA FF
H AFEES BT ASAVIE AT H e ECe 077152 #estilar, A=A

- AR R W
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RQflex 10(Merck, Germany) & ¥438}51 1L, <14k Zr5, Zh45, vl 242 ICP(Intergra
XL, GBC Scientific Equipment, Australia)® 43} t}.
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T RAFA FEFAE 30574 3RO E FALSte] 10a WA & kgl =
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119 15.0 27.1 6.0 58.4 80.4 25.7
129 12.8 24.8 8.0 58.1 772 23.7
1 13.6 28.6 6.4 57.1 737 313
29 14.3 28.8 35 53.6 771 18.7
3 15.5 29.8 2.8 58.1 79.1 20.7
49 18.4 35.2 6.6 55.2 78.4 24.7
59 214 35.6 111 60.3 84.0 26.1
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Auy wf el A g-gA EFTH
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5 & pH EC(dS/m)
A 6.3 0.31
7 Z~H| 2] 5.8 0.33
v} 0.7 0.42
- =27 AN MY AZEA] FEE e FUIAE o
= m o] R yole) A4 ok wido] Bt 117mg/kg o= M =L, A
¥ 2] (93mg/kg), A3 (R4mg/kg)aolR L, SlAsrES ujdko] HF Tmg/kgl® 71
i1, B2 Gmg/ke), 4 Fdmg/kg)wol Atk AEE ot st ikt g
o Agor wge] HF 49mgkgo® Y =i, Aawel(Gdmgkg), A
(Blmg/kg)EelAom, At vlavlHE 22 3FS Bt
27 R A LG FFE IR I W3t
Ay wYAbE| ~0g % wUAE g
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-4 sPAE ~0fE + 8 BUAHE ~0jE
50 15
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2t T suE FAY oF 20~30%7F MiEH RS vaEe =HG

Skl ECel Ae A4 F 2= 17dSmol1E, oF A% T4
20+03dS-m-1% #eletglon], MY H4 2xe 18 T2 Adste] nay 4

- gl ABE A PR VI A A5 ALsGrh D) PETE oppa]
A(YNST)S W&ol ME 0w FFat91, 2) <842 o) 488 el 7
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o} 70% + Wi 30% N K %4 T(DNSC)= *3%5_71 99 28, 10¥ 12 & oA
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o gk Apol7h A7) ghgrom, Wil Mg B3 wjole] wE Aol7} 2 Wol,
Fer &=} Bt} wjefo] A ko]l ==l 53] mjdel A tixz+Hw; o
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- FAAME Ao e EntE g 9 EH005 11 30~06. 2. 21)
o A A W T H] 35 &
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Changes in Inorganic Element Concentrations of Drained Nutrient Solution
and Leaves in Compliance with Numerical Increment
of Fruiting Node during Hydroponic Cultivation of Cherry Tomato

Eun Mo Lee', Sang Kyu Park', Gyoung Je Kim', Bong Chun Lee', Hee Chul Lee!, Yeo Uk Yun®,
S0 Bok Park’, and Jong Myoung Chai®

Tl Vegerobie Reseorch Institute, Chimpcheonginim-do ARES. Bineo 13118 Kovea
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Abstract. Production cost as well as emvironmental contamination can be reduced by rewse of drzined nutrient sodu-
tion in hvdrmopomnic, This rescarch was conducted to obtain the information i changes in inorganic clements comcen-
tration of supplied and drained nuirient solution as well as of plant leaves. To achieve the ohjective, the samples of
supplied and drained solution and chesry tomato keaf tissues were periodically collected and analvzed during the
hydroponic cultivation. The electrical conductivity (EC) of supplied and drained muirient solution in early growth
stage of chetry iomato were measured as around 2.0 dS-m”, but those values move up with the passage oF time
reaching 1o 2.0 dSm™ at Nowesing stage of Sih fruiting node. The pHs of drained solution in ewly growih stage were
G4 o 6.7, however those showed a tendency 1o get lowered 1o 5.9 to 6.1 as time passed during the erap cultivation.
The concentration differences of NOw-N, P, K. Ca, and Mg bebacen supplied and drained sofution were not distine-
tive until flowering stages of 4th fruiting nodes. while those in drained solution moved up atter the stage. The tissise
M ocontems of leaves decrease gradually and those of K and Ca increased as erops grew. However, Tissue Poand Mg
contends were maintained similarly from ransplant e cnd-crop. The above resulis would be used in comection of
drained nutrient solution when element compositions are varied compared o supplied solution in hydroponic cultiva-
tiom of tomatoes:

Additional key words : dry weight, EC, nutrient concentration, pH
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Study of Forecasting and Scheduling for Fungicide Sprays
to Control of Late Blight in Tomato

Mun Haeng Lee®, Suk Kyung Cho**, Young Shik Kim** " wnd Dong Jin Lee***
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ABSTRACT: Tomato leaves were innculated with Tx10* spores - mL! and plaged in an neryl box at
B, 15, 20, 25, and 30°C fur 24 b, Ten days after inoculation, the incldesee of late blight appeared as
A typieal symptem in 6 hrs treatment of leaf wet duration when the temperatare is between 15 and
2°C at that time, The incidence of disease was 26% and 41% at 10%0 and 25°C treatment although
the dizease did not vecur even affer treatment at 20°C for 16 b, respectively. The most lmportant
aetors in the incidence of Late hlight were leal wet duration and temperature, Optimum growih
lemperature of tnmata s from 15 10 25°C, thus the management of leaf wet duration is better than
cantrol by temperature to prevent the incidence of Late blight. After inoculation, the symptoms of
Late blight oceurred In 5 days, therefore the latency period was estimated to be 5 days, The inci-
dence rate of Late blight was ihe highest at 15 and 20°C. At the time of chemicals application, when
Fluepicolide 5%+ Propamecarh hydrochloride 25% was applied at 12 h of leaf wet duration, the
control effect was the hizhest as 95% of 36 h but decreased hy 70% when treated alter 48 h, On the
ather hand Cymoxanil 12% + Famoxadone 9% was appilicd at 18 b of leaf wet duration, the control
effcct was ihe bighest 35 95% a1 36 h bul decreased by T0% after 48 b as similar as Fluopicolide 5%
tPropamocarh hydrochloride S0°% treatments, In the application of Dimethomorph 15%
+Dithinnon 20%., the control effect was more or bess low a5 §0%, at 20 b of leaf wet duration sod was
decreased (o 6% at 48 h.

Ky words: lme blight, control effect, Bmrecasting, leal’ wetness, chemical
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Influence on Crop Growth and Solution Composition
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Circulation of Drained Solution in Tomato Hydroponic Culture
and Its Influence on Crop Growth and Solution Composition

E.M. Leels, M.H. Lee!, Gi.]. Kim?, B.C. Lee!, H.C Lee!, H.H. Kim?, 5.B. Park?, S.0. Chung? and ].M.
Choi*

1Fruit Vegetable Research Institute, Chungchengnam-do ARES, Buyeo, Republic of Korea ; 2Chung-oh Engineering
Co. Ltd, Daejeon, Republic of Korea; 3Department of Biosystems Machinery Engineering Chungnam National.
University, Dagjeon, Republic of Kerea; *Department of Horticulture, Chungnam Mational University, Daejeon,
Republic of Korea.

Key words: Lycopersicon esculentum Mil, EC, ion, nutrient concentration, pH

INTRODUCTION

The application of hydroponic cultivation, as well as production from hydroponic
cultivation, has greatly increased in Korea. Most of the hydroponic cultivation farms employ
non-circulatory hydropenic cultivation, while only 5% of the farms carry out circulatory
hydroponic cultivation (Lee, 2014). Regulating the discharge of the drained nutrient

aE-mail : emlee@korea.kr
solution (DNS) and the spented cultivation medium from hydroponic farming is a growing
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Fig. 1. Change of EC in fertigation nutrient sol and waste

nutrient solution on semi-forcing hydroponic culture.
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Fig. 2. Change of inorganic nutrient in fertig nutrient sol

and waste nutrient solution on semi-forcing hydroponic
culture.
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Change of EC in fertigation nutrient and waste
nutrient solution on semi-forcing hydroponic culture in

cherry tomato.
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hydropinics of strawberries.

Analysis of nutrient contents and change rate
of the drainage solution in hydroponics of strawberries

Hee Chul Lee’, Myeong Hyeon Nam, Hyun Sook Kim, Won Suk Jang, Tae il Kim, Eun Mo Lee
Nonsan Strawberry Experiment Station , Fruit Vegetuble Research Institute, Chungnam AR sl Republic of Kevea

G [ntroduction | ____ Result oo

1. Hydroponic strawberry culture system is increasing 1. Analysis on relative humidity, Intensity of solar radiation and air temperature

annually : [ ‘1112435 — [ “15] 768.3ha. with reiation to drainage rate.
2. That means increase underground water, fertilizer it showed that the environmental factors with the biggest Impact on drainage percentage was
and amount of drainage solution. relative humidity with the most effect followed by intensity of radiation and temperature, respectively
S (Figure 1.
1 1l 1t
Objective _ b S R S T
g ; 0 : S um' uis v T i " 2 .
1. Anaiyzes the retationship between the drainage % B =haur % : ) B jo
rate ang environmental factors within the plastic house. ) i =
& 50 150 ‘%@ 30 &1 3&10 15 n
2. Analyzes the nutrient content inside the drainage * felivehumoty® — Solar radkation fumol m ) A temperature (c]
solution In order to nutrlent recycling Fig. 1. Rearession analysis on relative humidity. intensity of solar radiation and alr temperature
/ with relation to drainage rate (DAL
- Materials and Methods 2. Analysis on pH and EG with relation to drainage rate:
/ pelb LS B L AL e LA S LA
1.Strawberries 'Seolhyang® were planted on It was observed that when drainage percentage increased, EC decreased (°=0.65), The pH also
substrates (coco peatperiite=6:4) on September. Increased when drainage percentage Increased (r2=0.0) However, the statistical slanificance was low
which meant that drainage percentage affects EC more than It affects the pH (Flgure 21
2. During the cultivation in the plastic house, the I S i
amount of water supplied from December through DB v-mmame L
February was 150 ml (50 mi, 3times] per day (N~ U GO LBt B
NPKCaMg=114:186.8:35:15 mM, EC 1.2 dS/m). 5- B Bea T
& 5 LR
aﬁ 4
3. The measurement of the volume of drainage Msﬁ B1 B8 83 D 12

13 14 15
solutian was taken 10 times in total from January PH of drainage solution SIS Ot o S0 g
18th to February 3rd, while the temperaturs, the Fig. 2. Regression analysis on pH and EC with relation to drainage solution rate (0.8

relative humidity, and the intensity of radiation was 3 Comparison of mole = Mot sohilon s Dvabrage sabition
taken hourly. concentration rate between

nutrient end drainage solution el
4. The pH and EC of the drainage was measured . — i . _
e erence batween the mo " el
through the use of 10 Scientic and Spectrum CoamAri iRk e o4 i o - i = 0 - P
Technology, and the amount of NO;-N was solution and drainage solution was = NoaN Mg

Nutrient materials

measured by Merck Rafiex. Finally, the amaunt of P, the biggest with NOy-N (4.3 miW),

K. Ca, and Mg present in the solution was analyzed followed by K (2.2 mAG and P (0.2 Fig. 3 Comparison of mole concentration rate IMCA)
by IGP (GBC, Inteara) mM). respectively. between nutrient solution and drainage solution.
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leafy vegetable under artificial light, The productivity of pak choi
and hasil cultivated by two-way plant cultivation system (1,000 m7,
S-layer bed systemn) were and 2,032 kg and 1,130 kg, respectively,
In the third experiment to examine the economic analysis: of
two-way plant cultivation system, As compared with paprika nursed,
the profitability of tomato nursed was increased as much as 15
times., If high quality fruit vegetable seedlings such as fomatoes are
privduced from Jume to Seplember and herbs such o basil which was
a high market price are produced in the rest of the vear, the
profitability of plant factories could be improved.

T. 031-229-5809, Jrjworld@gg go ke
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Growth of Strawberry Plantlet Affected by Irrigation
Time and Depth in an Ebb-and-Flood System

Hyeon Min Kim', Hye Min Kim', Hye Ri Lee’, and Seung Jae Hwang' ™
'Department of Horiculire, Division of Applied Life Science, Graduate
School of Gyeongsang National University, Jinju 52828, Kore, “Department of
Haoriculture, College of Agriculture & Life Sciences, Gyeongaang Mational
University, Jinju 52828 Korea, ‘Institute of Agriculture & Life Soiences,
Gyeongsang Mational University, Jinju 52828, Korea

This study was conducted 1o investigate the optimum irrigation time
and depth in an ebb-and-flood system for growing plug seedlings of
wherry (Fragaria x anamassa Duche cv. Maehvang) plantlet,
antlets of strawberry were transplanted in 24-cell travs (50 =
92 em) filled with 80% cocopeat + 20% peatmoss (viv) on
1, 2006, The controls were treated with drip irrigation for 1,
3 or 3 min, respectively. The treatment for the ebb-and-food system
were carried out in 2 combination of irrigation Gme (1, 3 or 3 min)
and depth (2, 4 or & ¢m). [rrigation on the strawberry planthet was
supplied once a day at 13:00. The growth parameters of strawberry
plantlet were measured at 4th week of the reatment. Numbers of
leaves were the greatest in the treatment of combination of 3 min
and 2 em depth, However, the fresh and dry weights of shoots were
significantly higher in the freatment-of combination of 3 min and &
can depth than the others. In addition, the leaf area was the largest
in the treatment of combination of 3 min and 6 cm depth, Leafl
length, leaf width, and SPAD valug of strawberry plantlets showed
no significant difference. Regardiess of the imgation time, moisture
content of the medium in irrigation depth was high in the order by
6 ¢m, control, 4 em, and 2 em. The results indicate. that seedling
quality and water retention capacity of strawberry plantlet were best
achieved by 6 cm irrigation depth during 3 min irrigation time in
an ebh-and-flood svstem,
This research was supported by Technology Development Program
for Agriculture and Forestrv, Ministry for Food, Agriculture,
Forestry and Fisheries, Republic of Korea (Project No. 315004-5).

T. 055-772-1916, s753p4@datsmanet
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Inorganic Compound Characteristics of Waste Nutrient
Solution Used and Growth on Eath of Fruiting Node Crde:
in Retarding Culture of Hydroponic on Tomato
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Eun Mo Lee', Gyoung Je Kim', Sang Kyu Park’, Hee Chul Lee',

Bong Chun Lee!, Soo Bok Park’, Oh Jin Kwon®, Sun Ok Jung’, and
Jong Miyoung Chin®

'Chimgcheongnam-on ARES, Fruit Vegetabie Research Institute, * Chung o
Engineering Co. Ltd, *Chungnam Nat'l, University
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nge in Red / Far-red Ratio and [ts Subsequent
1 on the Growth of Lettuce and Kale under
en-Converting and Far-red-Absorbing Films in
penhouse

o von. Seung Jun Lee, June Woo Lee, and Jung Eek Son®
wir of Plant Science, Seoul Matlonal University, Seoul DBE2E, Korea

o vl and far-red ratio of light affects photosynthesis and
o phogenesis of plants, efficient functional covering materials
by e developed world-witde and introduced to greénhouse crop
The ochjectives of this study were to measure optical
witie ol green-converting (GR) and FR-absorbing (FR) films
il their effiects on the growth of kale (Brassica oferaced

oo} and lettuce (Lactuca sativa L) grown in greenhouse
md FR films bave functions of converting green light
ail pm) imte red light (600-700 nm) oand reducing  the
i of far-red light (700-800 nm), respectively. Both plants
g ander these films and PE film (control) for three weeks
il planting. The optical properties of all the films and the
! pluntosvithesis of the plants were measured. The transmittance
B 10 1 decreased by 15% in green light and. increased by 2%
8 fvil 1111 compared fo the control. And those of FR film decreased

18 i red light and T4% in far-red light. The red and far-red
B o (he GR oand FR films changed into 116 and 339,
voly. As results, the leal photosynthesis and dry weight
Wb CIR film were better than those under other films, but the
foweth of kale under the FR film was shorter than those under

J MR 1574, yoonhEEsnuacks
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tion Used and Growth of retarding Culture On
wraponic of Cherry Tomato
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Development of Two-way Plant Factory System for
Seedling and Cultivation

Jushyun Park®, Sang-Woo Lee, Tal Moon Ha, Kyu Hyon Hwang,
Junghye Lee, Hee Kil Lee, and Myeong-Whoon Seo

iHomicuteral  Research  Division, Gyeonagi-do  Agriculural Research &
Extension Services, Hwaseong 18333, Korea

This experiment was camied out to develop automatic two-wiy plant
caltivation system in order 1o commercialize plamt factory. The plant
cultivation system are consist of multi-laver cultivation bed, planting
plate, planting plate-moving conveyer system and fluorescent tamp
for plant cultivation. Three experiments were conducted for this
thesis as follows ; Im the first experiment to analyze the seedling
quality of fruit vegetable (paprika and tomato) and the growth after
{ransplanting of tomato nursed under artificial light and naturel light
Plant height, number of leaf and flower bud of paprika and omato
were significantly affected by light treatment, As compared with
natural light treatments, plant height was decreased by 10-40% in
artificial light treatment. The number of leaves and flawer buds were
|.5-3 times promoted in anificial light treatment, respectively. On 14
days after transplanting, tomato nursed under white fluorescent
farps had relatively short plant height. This result might be caused
that the elongation of its internodes was suppressed by artificial light
souree. In the second experiment 10 examine the productivity of

Hortic. S¢i. Technol. 35 (Suppl 1] May 2017
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Drainage Analysis
about Irrigation Amount of Strawberry

i, Hyun Sook Kim', Won Suk Jang!, Ih Ha Les®, Tae I Kim!, Eun Mo Lee', Soo Bok Park?, Jong Myoung Choi®

"Fruil Wegelable Research Instifule, Chonmpeheongnam-do ARES,
*Chung ol Engineering Co. Lid, "Depi. of Horticulfure, Chungnam Nat’™ s1. Univ.

Irrigation amount of hydroponics s managed vanoushy from 150 to 600ml a day in strawberny. Studies on hydroponics are mainky
proceading with composition and concentration of marent solution. In addition, studies on drainage should be conducted to
efficiently manage nutrients and recycle the drainage solution. In this study, we analyze the physicochemical of drainage and
substrate according to irmigation amount.

Materials and Methods

We planted a seolhyang species in a flowerpot in March 2016 and this experiment was carried out in August. lrrigation amount
wias 300, 420, 540, 650, TE0ml a day. At this time. the Rtio of coco feat and perite in the substrate was 80 and 20%, respectively.

Results
1. Drainage rate and growth of irrigation amount 3. Mineral content chanpes of substrates
The growth was better and the drainage rate increasad The mineral content of the substrate was lowest at 300ml,
as the frrigation amount increased. The consumption of gradually deoeased and then increased at TBDml. The
irrigation {(Imigation amount — drainage amount) was 186 to ! st potassium and magnesium contents were analyzed as
Z236ml and increased as the amount of irrigation was 600 and T46ml. respectiveby.
increased (y=-0.003x"+0.4724:+71.893, r*=0.99). These o i
z o 5 - N - 5 +1
resufts were considered to be due to the water content and I'\l.lm?-w " T RRE, PN S IR
the evaporation amount of the plant. K :h ‘
Table 1. Drainage rate and growth of imigation amount ‘:‘ﬂ \ E‘ \ _ ;s
irroation | Plant heioee (| DOImERe | Comsumnlon. |nnene e k e 7 =
At tem amount B2 | Wrieation [A-81 i i Ko
o0 338 na 8B 388 .
[ 8 12 224 7 150 &
M @ W ow M @ A W
o - - e e ¥TIgaTon amOunITi} FrZI0n amounEm)
BED ] =2 28 ] = 2
5 = = = == Figure. 1. Mineral content changes of substrates

4 Mineral content of plant about irrigation amount

The Mineral content of plant according to the imgation
amount was K = (a > P > Mg The calcium content
decreased as the imigation amount increased  unlike

2. Mineral content ot drainage aboul irmigation amount
The mineral content of drainage was the lowest at 300mi,

and between 420 and TED, it increased with increasing the

amount of irigation.
phosphate and magnesium.
Table 2. Mineral content of drainage solution (maflg)
Table 4. Mineral content of plant(%)
Iriganon
Amowtien | M3 £ B i - Figatan = . — =
200 710 18 128 18 ] Amoure: mf
) 360 7 1 ™ 18 3 s 22 L Ll
£ = ] a7 o n L0 oI 22 el L]
B 84 33 173 3 ol Bl 5] ] 08 ]
[ 84 T 182 F 2 BED naT 243 [ B33
futrient zoknion 483 42 [ =] 23 780 (1] 23] (1) mE
_ - - o = ] =
- Egg ¢ Ao s FA TSRS
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Physicochemical Change of Drainage
about Nutrient Solution EC in Strawberry

Hee Chul Lee"1, Hyun Sook Kimi, Won Sulkl Jangi, Myeong Hyeon Nami, Mun Haeng Lee, Tae Il Kimi, Eun Mo Leet, Soo Bok Park?

Fruit Yegetable Research Institute, Chungeheongnam-do ARES, *Chung-oh Engineering Co. Lid.

it is increasing hydroponics of strawbermy using substrate to reduce labor and improve productivity. The nutrient management of
hydroponics is regulated by EC (Electrical conductivity). Studies on hydroponics are mainly proceeding with composition and
concentration of nutrient solution. In addition, studies on drainage should be conducted to efficiently manage nutrients and recycle
the drainage solution. In this study, we analyze the physicochemical of drainage and substrate according to EC of nutrient solution.

_ Materials and Methods

We planted a seolhyang species in a flowerpot in March 2016 and this experiment was carried out in May. BEC of Nutrient solution
was 1.9, 1.3, 1.0, 0.7, 0.4ds/m. At this time, the ratio of coco feat and perlite in the substrate was 80 and 20% and irrigation amount
was 400ml a day. The experiment was camied out for 16 days to minimize the difference in growth to EC of nutrient solution.

Results
1. Growth and chiorephyil content of nutrient EC 3. Comparison of mineral about nutrient and drainage
The growth and chiorophyil content wera higher as EC of When the nutrient solution EC was 1.0, the difference
nutrient solution increased. between EC of drainage and nutrient was the largest in
calcium
Table 1. Growth and chiorophyll content of nutrient BC = - : ;
Table 2. Comparison of mineral abowt nutrient and drainage)
p— Pignt heloher | Lest leneth | Lesf width | Chéorophil
Iced cml (1] conbzm [5PAN] Minerg content P P o9 "
[E] R 157 13 [ [makal
14 2 138 s ni 378 782 nzz 8.7 38
13 337 123 L] £37 30 131 117 X i
;‘2 ﬁ ::3 :Ir: :E e 238 1184 BE T4
‘Sohation
oz TE) 7T 153 = B 227 1160 83 B3
B2 220 2 25 =]
5] 182 72 a5 2]
2. Change of drainage EC about nutrient EC Drainzge _ kveraoe 280 g B3 &3
Mirriend Sodufon 27 1333 43 123

The EC of drainage was higher as the EC of nutrient
solution was higher. The EC of the drainage was maintained
constant after 10 days. At that time, the EC of drainage for

4. Mineral content of plant about nutrient solution EC

nutrient EC 1.9, 1.6, 1.3, 1.0, 0.7 and 0.4 was 3.0, 2.2, 16 The higher nutrient sclution EC, the higher the mineral
0.8, 0.4 and 03, respectively. content of plant. The difference in mineral content by
nutrient EC was not significant, but it was significanthy lower
—£-18 —£0-18 —H-13 —§0-14 —-A7 —B-04 atEC 0.4
&0 4.
Eu;'i P Table 3. Mineral content of plant about nutrient BC{%)
v —
ﬁ. - 23 7 — Mufrient £ P K a L]
|
313 A :i ﬂ :;: :; ﬁ
mdig T
e a7 13 an 34 7 (&1
oo - - — ) 10 ) 118 ] B3
1Moy 2r-May  MEMay M- A T-hm 87 o 318 L] ]
Figure. 1. Change of drainage EC about nutrient EC oe k] 282 om (5]
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peak wavelengis on growth s coodents of o phenolics and
amfioocklants in kade (Froesios aderocen var, aveplala) with differend
leal Ehicknes. We hypothesized: that UVeA LEDs with diiferend
peak wavelmngths bt the ume energy Jeved have differential =ffecs
on growth and anlxidam phenolic compoundk depending one beaf
thickness. Two. wesks-oll kale . seediings were trnsplanted -to a
closed-type . plam  predudiion Swwtem with two levels of - lighs
intensity, 125 {low PPFDY and 250 pmolm“ s (high PPFD}, and
waltivabed for 3 weeks (2000 air tepapenmere, 60% relative bumidiy,
@ [2-hour light periad). Subsegoently, four LIV-A LEDS with. peak
wavelengths at 365, 375, 385 and 395 nm, which had afl 30 W m®,
weere irmadiated 10 kale plnts for 7 days As a resslt, high PRFDE bed
o higher specific leafl weight. The value of image chlormphydl
fluorescence wis lpwer os the peak wanvelength was shorier. Fresh
and dry weights of choots and ronls chowed » signiffcant increase
i the LIV LED meatmyents oompared with the comtrol. Expeciadly.
s the peak wonelength was longer, the gromth mie was significantly
higher regandlecs of beall thickness. Chlorophyll contemt of - pland
grown under low PPFD was 14% higher in ANV-A LEDy o, than
the comtrol 2 3 davs of treatrment. Uneler highs PFFD. hovever, LIVA
LERFG e wens on effectinve tremmend to imcrease chlorophyil coment
of kale kaves, which was [6% higher dhan the comirol o fow
FRFD, UNA LED e o traitmienl significantly incneased totad plaennlic
womient and antexidant capacity compared with the athers under low
FRFD: while LTVoh | BT, o boatment wiss more effective I inoreme
ot phenolic contom asd antboxidant capacity ander high PEFD 2
6 mand T days of trestment: Samitarty, phemylalonine ammaniasbyse
activities of UVeA LEDV; o were significantly |1 and 5% higher
than that of the control ot 5 and & deys of meateend, sespeciivedy,
but no sgnificant difference was. oberved urider high PRFLL Our
findings sugwected ot 1V-A LED imadiation has o positive effec
ot the acammulation of hicactive compoend 2 well 2 biomazs and
that the ppe of LVeA LED: would ke changed ta have the effec
depending om leal thickness even in the same oops,
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