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Liquid Cultivation of Tomato Plants by Daily Control of Fertilizer
Application in which There Are no N/P/K Residues in the Culture
Solution and the Area of the Leaf Groups Is Used as an Indicator

Norio Hosor and Tatuo HosoNoO

Synopsis

When a culture solution containing less than the threshold values of the elements (Mg/Ca/S) is used, normal
growth of tomato plants is not attainable. For these elements, Mg/Ca/S Fertilizer C prepared according to the
contents of the fruit should be used, with EC value at the planting time being maintained at 0.7 - 1.0 to attain
the lowest threshold value of each element. Tomato plants were planted in a culture solution as above,
N/P/K/Mg/S Fertilizer A prepared according to the contents of the fruit was used, and quantitative control
was conducted by daily regulation of the amount of fertilizer, with the area of the leaf groups of individual
plants as an indicator. The concentration of the culture solution (EC) was checked by EC meter and regulated
by Ca Fertilizer B, with the sugar degree of the fruit as an indicator. Utilizing the method above, basic
technology for liquid-circulating cultivation with good quality and high productivity was established, in which
a proper relation between photosynthesis and the area of leaf groups in individual tomato plants was
maintained and there were no N/P/K residues in the culture solution after the harvesting time.

Key Words: tomato, optimum LAI control, daily quantitative application, no residual N+P+K in culture
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b b OEHGRERE, HEEESAETH D, T
FRc g LR R ML A U, BB cE 5, b
< MBI T, oy s - Vs TRTERE (N,
v (P), AV (K ZhZh 300ppm,
300ppm 5 D K528 K % 4R 900t/ 10a W, Bk &
M RE RO LRI 1 3 2R ITEEREEMNTD
NTHW5, L7eh->T, 10a Y7z 0 AER O FER R 300t

30ppm,

IZEWN, P, K Zh<h 90kg, 9kg, 90kg % ftisst
~HEH L b < bEEE LT, RS Ol O
FEHNE, FDHKREIK B & OCPHEK O B ELP L Fk
IG5 CRAIS SR AZ R LT 5,
COREETRG 572, REEE O MEERFIN X %8
AU, i & ORFRKPE O WX 2 Jiik CEAR S,
1997) PEFARIK & —BOREHAE T D b= MZ A TRINE
VOG5 Hik (MBS, 1999) 75 &k 15 Tikhp s
INTN5. L, BERERAATUCENTS,
TER DWRILS> pH FENI L S B RIK DIEHE N T~ 2 D f
NEBIET 2720, %R (11~4 H) 3 » HiZ 1[4,
BRI (5~10 A) 1 2 » Az 1), ¥ (20t,10a)
OYRAEM 4 ML (40t7102), HREFRTHIZ S
B (20t10a) ZHEid 5. F/o, HEERE 2RI
g R (%S, 1999), MHEHGR < B
OV b PRI T 508, EEED b< bRk
AT LB T RIS ST REEST 5,
FHRIERVESIEICE S b~ MEKREE DO ZE AL
AR Ue Gk, 1997 5 2000). $7b b, HH
Wi 4 5 2% 2 ROHIES 2 BEVES ML, b b
HBEOR S EZZ TR 2 K& n[ETE 5.,
COJET, b MEKEEO SRR 2 LA BRI I 78 2
HRTEE (LAD c#ife LR35 &, BRicidm
H 20 REILL LSRR E S, B TR O BEIRIC b
B ERMmEG GEIFE, 2001b ; 2003). Lird, 20
By, HEUEZWREICT 2 R CRFIR30 )T
fl,710a) %L, LAI: 4, i 3m EKREE R 3
% &, AR 30~40t & WTRE7S MRS Ic ER PR 0 72
WERBEICHE L O IEBRAEROREE T H 5 (JE, 2003).
Z 2T, ERVESMIEA MO EELFER (N, P,
K, Ca, Mg, S) iZ#EiEL, b~ MRIGEIZHY T
A OB EEFE A 1 H T - M 9 5wk A £R
T5E, BBRRICERSOKEEAPES &b b POAE
DR EDULRKIEE L Z T IR W TRED G BET L7z,
T/, FEEh oREASEE (KR LT TRIERRS
FEH A RES BRI, T OKIELEEIRF A W L.
—H, b NEBILES R ER R A RS
G35 FEERERR EET 5 &, EREE—EI1H
L7 b= MEKREED LA BEY 3 & ORI U 7o 2
BHEFR ORI LRI T 2 0B, IHEBILI#%12
F—ETHO, BIRFEEEEERD 85% U LRI
sidahz Gk, 2003). 512, RECHFENLE
TIERHER O, SECHE O X 2%
b0, FFEEZELTHS (F, 1996). T74bb,
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b M, DUREIA L TR R SR O R M AR & 13—
VMRS 5.

IO bOKRERME X ORI BRI T 5%
I PE O MRS L2 1 U, B BRI Il 75 (AR B oD 25
TR K HE & FR AT, M R 2 T 2 RERR RO &
5 BIE 2 2 IR B A U, IO DL 0 B 8 1S
N, PBXUKEHOLOREZIL « #5528k
RO RARE M HE Lo THET 5.

AT « AR % LR o T BB R IR 2 2,
WP SRS I R A B PR SR = s T T b A,
B D/ i i A SIE IR O x I FEE R, W
HEEEEMER GEMBSERERNE 5 —), T
BIETEt (RMOKEEEC 2 F B, RRILE o F9 %
I E A S CRIRAEES M IErT), b < b ogkEy
L SR IE S R O KR —BCH, TR AEL
H, WINBORECE, AN, MEAKREE, ¥k
HAMEBEE, U E oMY 2 0 iini, T2
CERHOBAERLET.

I #MRELUFHE

1 FEEMERICETS MY FOREFHES KU

B
HBa UYVE HVICEETE P PORISEE LU
BB i

D NEPOHSIERALE M2 FRE

(1) SfEE N ZPORE 2w, 19984E4 H 20
HRN=3IF 254 MRICHEEL, 10 HEREWEAF o—
KR ICBAE L CER VRS EERH AT Lz, 7
wbb, B LUHBNET2) DO ERE, K
D Ca BE % T1.5ppm, RE15H (REK1 505
N ZEUicb o, fiH, 20000 % A0 RN O H 3%
D EC % 0.7dS.m "IC#HEH LU THA L. NI
Ca(NOy). (K¥2%5) ZH0 3mg Ak, HZHEHL,
% 1AEEMBAIE T 2 £ THREGRICTER L.

55 L AEDBBHAEE 2 ik%E, RUA LT 4 VBT X
PONTZREFTB) WICHE LI FRRO KK 16 ¢ A
DD 1,72000a 77 xI)VRy MZ6H2HERL, £8y
MEbIEOEZMOBR L, ERVESEE G,
2000) v, BRUS ORI EEIE, REd & FEERICHE
L7, N & CalNOy) & WO EREN 3mg /A H
57THEIZ3mg &L T6 H 20 H, % 34{EEMNHIET
% % TIT 10mg ik H & L7,

6 H 20 HL#% N fii &1 N @ 10mg /&, HIZE
W, TNTORy MEHME Uk,

(2) WIUN &V v LHP &95) O PEngEsE
IZBEE N, B & RLFEANDE IR DI EH IR
e, ZO%—EWRTHER T 25 1 RE KW
CE -7 TH 25 HU#%, iKY P lmg/H %3
#£12, NaH,PO, # MW P : 0.125mg, 0.25mg, 0.5mg,
Img, 2mg, 4mg ik HEEDH 3 Ry b6 kI
AL, b bMRKESXSEERICN &P ORI MND
PR EAERG U, oI, @GR Uikcdh
HEHR 2 BURRR D ORI, Ry 4720
KCl £K.SO%&ZhZh 256mg, 288mg 10 L 7.

8) N, PBXUKLMNOBHERIZ, HaEK 80)
112 CaCl, « 6H,O (CaCl, : 1,216mg), MgSO, « TH,O
(MgSO: : 1,360mg), MnSO, * 4H,0 (MnSO, : 32mg),
FeCeH;0; * 5H,O (FeCeH;0; : 132.8mg) ZRAL, # 1
By b (80) DEFHEK %M L7z

2) NEKDOBSRBERSE b FRE

(1) @R N ZPOKES 2V, 1998 4F 4 H 20
HAN—=3IF 2540 MRICEERL, 6 H 20 HE 3 fE5E 2
FAfEd 2 £ TN & P @ HAM BRI SR & FRfkic, E3HK
DR ik A ORI I TH I L.

2 6H20 HU#H N Z N : 10mg @&k H &L,
TRTORy MIHEEMA U, L% ORI N
EAVT LA UEBK ET5) o@kiERFICHE SN,
RFEON & Kid &bt HEGZYE (DW) D 5%RE
Thbd (F, 1996) Z ExEKHH, b MEEMNEKL
FARRICN & K 0N D70 K iH=E#E Uk,
Thbb, FIEMERFENDE BRI E HIRE
L BE 1 RESRAMICE -7 TH 25 HL#, fHik
2720 K @ 6mg,/ HZEZHAEIZ, KCI EK.SO,% M Ek
2720 K :0.75mg, 1.5mg, 3mg, 6mg, 12mg, 24
mg,/ H®D 6 KEELEDSH 3Ry b6 MEEITHEE Uk,
COMERIE, TEIR U EERE AU BRRO R
ZHERZ, ARy b7z NaH,PO,% 544mg Z L 7.

(8) N, PBXUOKUNDKHEERIZ, BiHELEL
WA, B1EAE Y SRR (80) HM L7z,

HEEb NP IAICETS M7 FORIVUFHES K UK
BiFHE
D NP-K&EMVYILDADERAE b FRE
(1) M= NS By —2" & 19994E1 H 20 H N —
IF 254 MRANFREEL, 3 SENICE N AIKBR IS R
L, lga EREICHEN L.
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B 1IEE MBI ZE L3 H 15 H, PO/ N7 ZH
IR L7 TRt o /KHHK 16 2 A0 @ 1,72,000a 7 7 %
VAR M b= M2 EERER U2, Z OFBRER AL
Bra ERIBRICER L 7.

2) WWHEERMBIIZE -5 H 5 O oilliig 7T
k272 b N(NaNO;) : 10mg, P(NaH,PO,) : Img,
K(KCl £K.SO.) : 10mg 2@ HIH Lz, Zoftho b
MEFRE, W a ERBRITHEG Uik e, M 10
Ry bPiE BL) M L7,

(3) WHEHAUSZOWIIN Ay L (LIt Ca &
T5) o@mPRIRFZIHEI N, REON & Ca 3R
KW EDW) O 5% & 0.12%Th 5 (&), 1996) =
EDS, b MRAENK S EERICERE D0 Ca i
HEzimit L, 372bb, TH1H»SMEYZD
Ca : 0.lmg, 0.2mg, 0.4mg, 0.8mg, 1.6mg, 3.2mg
D6 BICZEZTHHBAT 2R 2#E L. 2D
flt > K EFR I, FrEKS L O P IT MgSO, -
TH,O(MgSO; : 1,360mg), MnSO, » 4H.O(MnSO; : 32
mg), FeCsH;O:« 5SHO(FeCH:O: 1 132.8mg) #iRAL,
1Ry MR (80) DRFEIK & ASHET L7z,

2) EERDOCarEL MY FKE

() b= bWEE Hry—2" 2200044 H 30 HN—
IF 254 MENEREL, ZhE T &S 1LIEERTE
Wo6 Hhfuk THE L7,

(2) 6 H 12 B 1 AEREBALEMD 5 CaCLz MW 750 £
D RKEKAE DK 529K Ca B % 71.5ppm, Ca =5 &
KE 15D 2O TEERO EC % 0.7dS « m™ %
FLERDUANOLEIEHZER i L. 2 0 RBKHY
b N 2R AEER L, Ca(NOy, Z AW EK Y72
N % 10mg 5 H i LA EZ B L 72

3 FH1IRFNELM D8 HSLHMS CaClz H U,
750 € KA O EE W D Ca #E % 0.75ppm, 1.25ppm,
2.5ppm, 5.0ppm, 10ppm, 20ppm @ 6 KAEEIZFE L,
flr D JERHER I RE 1 5 (B0 2 H0E#EK EC %= 0.7
dS e m IS LIC X DA L7k,

% 750 £ KA DEEFRIK Ca IRIE Z[REE M & D —E I
HiFF 9 272, b= bDN: Ca OWILLERTH 5 50 :
L&k % NaNO, & Ca(NOy), Z IV TH#HAL, N 110
mg OffiIfEN Ca t 0.2mg 24 HHEHA L, pH % HCI
& NaOH Z M5 ~ 6 1IZHEI L T ~ < b 2Rbs L7e.

RITRVIOLICEAT S e FORPUFHES KU
B A it

1) N+PK&ETITRVILDASIEHKERE b7 bRB

(1) b= hWFE Yry—2" 2199941 H 20 H/N—
IF LT MRANERL, 3 ZENNCE W KPR IS AN
L, #Bia, bERICHEN L.

9 1AEBEMBAEIc# L7/ 3 H 15 H, PO/7 2
ICRE L7z 172,000 7 7 %)V ARy M b= MET2 K
EREL, %1 RENNENIZE S 5 g TalBrrEik
B a, b ERBRICERE L7

(2) WHEHWILI# O N &< 7 % v 4 (Pl Mg
E9 %) OWFRRIITHESh, REDON & Mg i
WG Y EDW) O 5% & 0.14%Th 35 (F)Il, 1996)
ZEMS, T MKED X EERITEE NSO Mg
MHEAEBEF Uiz, 748bb, TH1H» AN
N :10mg, P:1mg, K:10mg ZEHIEHT 2L &L
12, fARY72 0 B9 % Mg &% 0.15mg, 0.3mg,
0.6mg, 1.2mg, 2.4mg, 4.8mg D 6 BfEICHE 5 Mg
MBRIX 2B Ui, T OO MHETEHRIT, HEK 8L D
H1iz CaCl, » 6H,O(CaCl; : 1216mg), MnSO, * 4H,0O
(MnSO; : 32mg), FeCsH;0; « 5H,O0 (FeCsH;0- @ 132.8
mg) ZRAL, H1MEARy NEEBL) ORFERER
B L 7e.

2) BEROMgREL MY MHE

() b= Maf oy —2" &200245H 10 H/N—
SF LT MRANEEREL, 3EMICHEHOKIIRICE
T UAER a, b & EBRICHEEE A% 5 1 AERBALEHI O 6
HrpfjE THER L 7.

6 H 10 HE 1 fEGRAEN D &, B EAZ 750 € DK
RUKM I 2 fAER L, HBb, 2) ERRICTHTTA
= CTHEF L.

2 7TH 28 HOH 1 L HEIHEEL A & MgSO, « TH.0
W 750 £ KIS D KR 38R © Mg i ¥ % 1.87ppm,
3.75ppm, 7.5ppm, 15.0ppm, 30.0ppm, 60.0ppm @ 6
IKHEIZERRE LTc. T OO EROREER 1L PO
HEiE P 18mg(NaH.PO, « 2H,0), K : 32mg(KCl,
K:S0,), Ca : 56mg(CaCl; « 2H,O), Mn :
(MnSO; » 4H,0), Fe : 2.8mg(FeCsH;0: « 5H.0) &%
& L.

(8) 4% 750 £ KIS DRFHEIR Mg IREZ TR £ D —
FICHEIFT 2720, b= FDN & Mg OWINERTH
% 30 1 112 NaNO; & Mg(NOy)., OFAEEZH L, N
% 10mg, Mg % 0.3mg W Hif L, pH % HCI &
NaOH Z M5 ~ 6 ICifi LT b= b adkEE L.

AR c

1.0mg
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HBd HREICETS b FORUSEHES KURBEE

D NEEEORSEERE b7 FEE

() hr<bMWFE “Hy—>" 2200042 H4 HN—
IF LT MRAEREL, 3 ZEMICH B KBRS A
L, ik a, b, c EHEBRICHMN L.

47 2HIZ, PO/N7Z2D1,72,000a 77 xIEy b
W28 1 AEEBA LI b < ME 2 IR EER L, ChET
BRI B AR 0 & CIEEl R 2= B L 7e.

2 H1REINFEL D 6 H5 HS CaCly » 6H,0 &
MgCl, * 6H.0 %= it Ca & Mg DR 11 1 OFIKE
MW TERR EC & 0.7 I3 U 7. IUREI L% o WX
N & S o#fiFREICHE S, RIFEON &ifizk (UL
®S&ETs) BREEZWEDW) D 5%E0.14%Th
(S, 2000 Z&EMS, b MREMNX S EERK
WCEREBVI O SHEAEERG Lic, 948bb, SEH
D OKF-1 G THHHIER, KEAL®) 20, N
9mg, P:4.8mg, K:10.2mg ZMHEH L. 51T,
MgSO; » TH.O = S il % Omg, 0.34mg, 0.7
mg, 2.1mg, 6.3mg, 18.9mg ® 6 EREICEZ T, £h
Zh 3 Ay b6 MR

ML ZE 4 D BRI~ D IR R FF 2K O EC, pH 0%
BAR <, Ca & Mg %A1 :1 TEC: 0.7 83%
WEED Ry FOFEREO R 80) % 20 HH
L.

2) BEEROSOEEL MY MKRE

() 20084F4 H1HN=IF254 MRIZ bxvy
PR EFREEL, 10 HEREA F v —IVKBHRICHE
iU CH 1AL SBALE S 5 F CERVBSHEE -,
akEtk%2 6 Ho HETcohE cLBRIcHm L.

2) 6 H5 H»5 750 £ REUKME KD S iB¥ %
1.5ppm, 3.0ppm,
48.0ppm @ 6 /KH#EIZ MgSO, « TH,O %2 Wi E L 72,
CaCl, » 6H.0 & MgCl, + 6HL.O % Jil1» Ca & Mg 0 M
11 OFREAERN EC % 0.7 IC3HE L 7o KEUKAE I
% 1AEEMENo < bl 2 kT hEhEmM U, S
BEH OO OKF-1 CREALY) =M, N:9mg, P:
4.8mg, K :10.2mg 4 H i Uskss L7,

6.0ppm, 12.0ppm, 24.0ppm,

e KRENELEWEERICEITS Ca s Mg
DIEHIER DIREE

1D 200343 H20 HN—3F 254 PRICHHE IV
2P L, 3EMETEKLR, HHN
DIFERAUKBFREE A 4 (ImX2mXx0.6m) IZ4 H1HB
L7, ERVBESMBLEZHG, N Z@EKY720

2~3mg M HHEMH L7z, oMo EZEIE, Ca: 71.5ppm
BELOKRKE 15O G, 20000 Z2Hv, H#EERO EC
Z0.TICHEFRF9 22 I KO L7z, pH % 5 I1C3%
L. RoEaa s gL ojkz BICASOLT TE
EWPPAEELOLMETEHEN Lk,

2) & 1{EEsEMIc#E L4 H30 H, PONY X
D 1,/2,000a 7 7 xRy M < M2 EKEZER L
7. Ry bOREERA6¢) 1, CaCl,* 2H,O & MgSO;, »
TH.0 %t Ca © 320mg, Mg : 320mg, % 7 MnSO, -
4H,0 % H W Mn : 16mg, FeCsH;O: « 5H,O % > Fe ©
45mg 4 L7z, NHNOs, (NH.).HP,Os,, KNO; & &
UK:SO  ZHIULVN & S OHHREZ 20 1 1ICHERFLN P
K%&10:1:10c#E& Ll zZm0, k2720 N :
30mg, P:3mg, K:30mg Z#HHEA L7, N &K
@ 7T HElHED 1,725 D Cal(CaCl; « 2H,0) 8 X
Mg(MgCl « 6H.O) ZmMfEH L, ~< MBI X
BEARE T D Ca & Mg B A2 7 % THERF L 72,

3) 6 H1H»5 MgSO, « TH.O % FH» Mg - 20ppm
UKBERAX) & Mg : 40ppm (ERBERRX) o 2
X, [EK#IZ CaCly  2H.0 20y, BB EC %= 1, 2,
4, 6, 8 101CZHL, £X 3Ky b, b= b6 HAkE
AL, KRENELJBOBRPIZBONThT MO
Mg OKIBERR D 5 OIS ERER A CaiBEIC XD
ZAbT ao@mmnEmet Lic, 08, ECHW4 L ELoXT
FEM 720D EC EAZ 2BREICHD. SH1HM”S
k%720 N : 60mg, P:6mg, K:60mg %% H it/
L.

2 HEERICEHMEZN-P-KOERBENEWLT
b ERFIEDORRE

HEa FHIERTEOEZERICN P - KOEZEHNG
b FMEREERRITEDORRE

WER 1 a, b, cOHMEAEDEIT, I RO
IZN, PBIUK 0BG ERD RS MEERED
ICERAME RS Al REZS BB b < DSk AT L.

D 200242 H 15 HN—=3F 251 MRIZHE ‘5—
7F 77 AN EHEEL, 3EMFTERELILE, HM
HOTEBRAEUK RG22 (Im X 2m < 0.6m) IZHHl L7z,
BHHITE, Ca:7l5ppm B LXUKREK 150 &M,
K& o EC % 0.7, pH #HCl&NaOH Z i 5 123
L., NI CalNOy)ZHW, N ZfHkY72D
2~3mg HWHMM L, FHOEFFE L% Eok%H
MIZHRET TN BPPAREELOEETHR L.
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2) H1EEMENHON %, 4 H 15 H, 9mX22m O
EEIT, ME 0.60m X & & 20.5m o7 B BR K HF L
(B8 5 B EE) 6 o TN SIHIZ 15
AR, 2/HAD 251, 3F/HD 3 S, 454, 55
R4 124 TR1K, B EMO 6 SHEI 62 AR L7z,
15 & 65, ERDVESMIEE MY, HiZosE
IZEHETHIE 2.5m, LAL: 4 OAREE HEICHEE L
BETFOREE G, 2001a) & OMhikEs KX & L
fo. BHRAVBRSMEEE RO 2~5 SRS 3m, LAT:
4 OfRARREZ BB L, 2 H 15 Hh S 2~5 518
I N & Ca 2k < EHIEHEROMM 2L L, 155,
4 FHEARERC P RZIERSRD ShcoT2 H 25 H
Do EEERER KK 158 i %G L 7.

3) 2H 280, 1~6 5o RERERIC OO THE
WO RATAT 512D Z N TN ORI % 5507 L
7o, Z O OSSN A ILREZ, ST O B A
KBTI OFEE ST 1t (B 600 £, HELKED
R 400 0, MEIAYS72D 8.060) LIREL, 2, 4
FREOEBRKFTON, PBXUK ®mEHE LK.

4) ABil.a, .LbBLULchs b= MIlAIEDO N :
P:RKWBINEHRE10:1:10 TH 5 EHEEL, MAY
DON, PBLXUKD3IHMTOWNEE 2 5/#I3ZZh
Z1 1,500mg, 150mg, 1,500mg, 4 F#H#i% 1,600mg,
160mg, 1,600mg EMRE L, Z OWINED S E =K
KT AN, PBXUOKEERKE LT3 HPIThim
5N, PEXUOKEELK.

5 2, 453 HPo Njifi&ED 1,730 &% 3 H 1
Hip S#EICCHE AT 2 &3z 3 Hichifi+ 5 P
EKE%#3H3H, 10H, 17H, 24 HO 4 [AZ5313
THEA Ue. 1 5Alid 2 R/ oy ik & fkfe U fc.

6) b= MEAKREO NP KWBINHERAE10:1:10
ThsEMEL, HAES7ZDDON, PBLXUKDIH
o3, 55O RINE% 1,000mg, 100mg, 1,000mg
EBGEL, COWIEN SERKTIZERAT SN, PB
JUOKBZBAELTIHAMIHMT 2N, PELUK
‘mELK, $ibb, 3, 55MIC2 H 28 HOR &K
itz L7723 HPO N, PBLXUK MR 174
# 3, 55 N:30, P:6, K:30mg Atk H) %
SH3HMS 9HETHHMA LK., 2H28HE3HT
HEBK O S, ZOWIIC b~ MR L
N, PBIXUKEELEHEETON, PEIUKEEK
BLatRESNn723 HFON, PEBXUKfiHED 1,74
o (3 FM N : 2mg, P:6mg, K:40mg AKX H,
5 5M N : 25mg, P:b5mg, K:40mg itk H) %

10 H» 5 16 HETHHMM L7z, 3 H 14 HEEKR D5
Wiz Lc3 Ao N, PBXUKiHED 174
B 35/ N:30mg, P:4mg, K:45mg Wik H,
55 N : 30mg, P:4mg, K:45mg fHiKH) %
1TH»S 23 HE THHMA L. 3 H 20 HEEK O 5
Wiz L7z 3 Hho N, PBIXUK &R 1,74
& 35/ N: 20mg, P:4mg, K:25mg ik H,
55 N : 30mg, P:4mg, K:40mg fitk " H) %
24 H» 5 31 HETHHMA L7z, Nix CalNOy),, K
1% KC1 & KoSO,, P i3 NaH.PO, % 7z,

HEEb HEERICN-P - KEBOLZWERERE MY
b ERHIE DR

1) 20034F3 H 20 H/N— I F 251 MRICHRE b
Iy H R EREHEL, 3ENE TEKR LR, BEA
DOIFBRIK BB A (ImX2m X 0.6m) 124 H 1 A%
fi L7, EHIE, BiHEFEEOFMETIT- .

2) 4715 H, 9mXx22m O#EZEFIZ, ME 0.60m X £
20.5m DR AIGEKBEEE (B & X BRARE L)
6 GO THMA SNHIC 1 SAREHE, 2 T, 3514, 4
T, 5, 1SS b SR 124 K, &R
o 6 FHEIC 62 AEM L7z, 1 5 & 6518, ffisk
DOREEITE DR THEE 2.5m, LAL : 3 OfEARE% BRI
HEr L, PO GHIE, 200la) &Lobiks LT
2~5 SO 3m, LAIL: 3 OEEROXHX & Lz,

3) HkEE 1 & 6 OEERKIE, Ca: T1.5ppm & KK 1
FEOERWEC 0.7 L., 20k, &z
WBAERE EC 1 0.7 25 6 H 15 HiZ 1.0, JUHEBH I FIC
131.2, 10 HRIZIS~NZBR L TERM LA, w3 3m b
< MEKBEOER FEIEH (LAD : 3 2 HZIZ Ca(NOy),
BREHO, NiiH®EZERK Y 7 ORBIFH 24 2
B THIEL, MHMM U,

4) 2~55Hix 4 H 15 H 0 EMiKF1Z, CaCl, » 2H,O
& MgSO, « TH,O 2y, Ca & Mg % 1:1DLERTH
B U7 K& C (Table 27) 2 KK 15 (8O o &
LTHW, Ca, Mg B&U S DIKRERRSEMZii7-9
72w EC 0.7 kT, ZOECHEi% 5 H 15 HZE T
e HOHERF L72, NHINO, (NH).HP,O;, KNO:%
W, N:P:KZ10:1:101I#®¥ LN, PBLUK
WIE (Ltk NPKRIEE 3 2) %, Ca(NO,), 2K DR
BHLELUTHY, mE3m b< MEKBEOZEEBE LR
(LAD 3% HEIC NPK ®IE @ i H & %= i L 5 H
15 HETHEICK DEBHER L.

5) 5 H 15 HA» 65 NHNO;, (NH,).HP.0;, KNO;¥



A o FmF o 8RR m A & fi RIS L 7 URHIE T o 1

TN K AEERIRIC N « P« K OB b < F ks 93

Table 1. Yield in tomato cultivation in which 10mgN/plant of nitrogen was applied and P was applied

at 6 levels every day.

Amount of P Monthly Yield (kg/6 plants) Sig."at Weight of ~ Number  Num."of
(mg/plant/day) 7 8 9 10 ean 5 9% level Total each fruit (g) of fruits har. clusters
0.125 1.41 1.90 1.06 0.41 1.19  0.25,0.5,1,2,4 4.78 56.9 75 10.1
0.250 1.48 2.12 1.39 0.53 1.39 0125, 10,20,40 554 57.1 86 10.2
0.500 1.42 2.08 1.64 0.66 1.44 0.125 5.78 59.5 99 10.2
1.000 1.45 2.27 1.73 0.68 1.58 0.125, 0.25 6.33 60.2 105 10.4
2.000 1.50 2.51 1.67 0.83 1.61 0.125, 0.25 6.42 59.8 109 10.5
4.000 1.46 2.34 1.75 0.79 1.58 0.125, 0.25 6.32 62.6 101 10.4
Mean 1.45 2.20 1.54 0.65 1.47 5.89 59.3 95.8 10.2

1) Test of significance at 5% level (Mean yield in which P was applied at 6 levels).

2) Number of harvested clusters.

FUKSOEMON &ESDHEAE 2 : 1 IcHFELo-
N:P:KZ10:1:10Ic#*¥, LN, P, KB8XUS
WIEZMER L, @S 3m b~ bR O 28 w55
(LAD :3ZHMIZN, P, KB LU S DM
B, EREAVTORBRMAEZZ CREL, HHMBAL
7. 5H15 H»5 10 HKE T, CaCl,» 2H0 & MgCl,
6H.O Z Mt Ca: Mg A8 1: 1 OFIZKEEE L, Z0D
W CULREBHIR R £ TIZ EC 2 1.2 ~ R, 10 HKZE T
12 1.3~1.5 ~ZBIRH T THIL L.

6) &5 RFEINHEHD 8 H 1 H» S NHNO:H 3 i
NaNO;, (NH):NP,0;, KNO:¥ & UPK.S0,%Z v N &
SOHHRE 2 1iIcHEL2D, 25MIEIN P K%
10:1:10 TRkEL, 395X 10:1:10 5 10: 1.1
11, 45H310:1.2:12, 553 10: 1.3 13 ICEHE
L7z, 2o b~ MEKBEOZERBHEY (LAD % 3l
e 370, N, P, KEXUSktEZFE Lk
KO mHMA L.

) 10 H OB MRS R A2 KW U, 11 Hip S F3REH
3, 4, 5O N P! KWK#EENHNO, (NH).HP.O;,
KNOSHWNT 10 1.2 11122, 1. ke OREREK
ML, MgSO,+« TH.O Z#H S & Mg 2 NoDZzhZh
117, 1722 569 2ILE A (Table27) ZHWL 5 &
MR 0 B A, EARFOZERFHER (LAD % 31
g 5720, EHAK N, P, K, SEXU MgiK
M) =AFHL, I X0EEEH L.

11 Hin oo 2~5 53D EC Hlf#Iig, CaCl, « 6H,0
(Bt B, Table 27) ZHWWTHEIC X O EH L.

8) B 1 & 6 OREEIKD EC X, KE15U%EH
WIS HEEE 0.7, 5 15 HiZ 1.0, UNHEBARAREIC 1.2, 10
AFRIZEC | 1.5 ~Z&R W, 11 A% EC @ 1.7 THE
WMICKER L.

9) HErAE 1~6 DRy # pH % Ca(OH), &H.SO, %
M, 1 H— KO pH 2Bk 4.5~5, IHER IR
K 5~5.5, € D#IE 5~6 ICTRBHERF L 72,

m # &R

1 EERMERICETS b7 FORFHESE LV

B it
HBa UVER AVUICETS Y bOBRIFHES LU
(B

D NEPOHERIEEALE 7 FKE

AN 0 ZEHN) : 10mg B L6 Kk#ED Y > (P)
ZEHMEAL 10 A 15 0 % THRE L& X 6 ko 751
I, keI, —HE, I, RS % Table 1
IR U7z, RN 720 E P 1mg YL EJEH U 72 LEd
XD HAIE, RIR, —RE, RIS X IR
BRI ERIIMEN -7z, LML, P:0.5mg LI FoULE
XT3, 8 HUBO HGE, RIH, —REBIUHK
INHIFESICHEHO PREIHRERSDIIEERD L.
—J, HEEPERBEE 2R T IERFEH O P it &
FEHT X B AR IZ/N S A o T2,

Table 2. Concentration (ppm) of P and N in
hydroponic culture solution.

Amount of PV 0.125 025 0.5 1 2 4
P ND? ND ND Tr 44 7.1
N 3.6 1.6 0.5 Tr ND ND

1) The amount of applied Phosphorus (mg) per plant per day

2) The analysis of the culture solution just before half of
solution was renewed and before daily application of P and N
(10mg). ND: Not detected. Tr: < 0.1ppm.
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Table 3. Yield in tomato cultivation in which 10 mgN/plant was applied and K was applied at 6 levels

every day.
Amount of K Monthly Yield (kg/6 plants) Sig."at Weight of ~ Number  Num."of
(mg/plant/day) 7 8 9 10 ean 5 % level Total each fruit (g) of fruits har. clusters
0.75 1.38 1.90 1.56 0.66 1.37 3.0, 6.0, 12, 24 5.50 50.5 109 10.4
1.50 1.44 2.11 1.60 0.69 1.46 6.0, 12, 24 5.84 53.1 110 10.4
3.00 1.47 2.37 1.72 0.71 1.58 0.75 6.27 o7.5 109 10.5
6.00 1.43 2.64 1.91 0.85 1.70 0.75, 1.5 6.83 58.4 117 10.6
12.00 1.48 2.60 2.05 0.90 1.76 0.75, 1.5 7.03 60.6 116 10.8
24.00 1.45 2.63 2.06 0.87 1.75 0.75, 1.5 7.01 58.4 120 10.8
Mean 1.44 2.37 1.81 0.78 1.60 6.41 56.4 113 10.6

1) Test of significance at 5 % level (Mean yield in which K was applied at 6 levels).

2) Number of harvested clusters.

8H12HP & NiIfiOBBKRICOVWTP &ENOD
AT % Table 2 1IZ/R L7z, P 2iImg K 0 AR &
NI VEE XTI BRI P OB 3N - 7chs, PO
mm%ﬁ&UhMﬂB&E%§%¢®N%%%ﬁg@o
. —J, P % 2mg Ul LM UK T, KRR
¢LP@E%%M®tm N o N -7, N P
M10:1THhHP:1mg £ PV 0EEIR, Pl
HENNBEOHRIKRERTH Y, P: 1lmg Y ETIE N
MENHEENT, N: 10mg icxHtd 2 R E8H 7.
) NEKDOBSEERAE b2 FRE
A4 72D N @ 10mg 8 &6 K#ED K % 4 H fiti [
U, 10 H 15 HE THE UK K 6 ik HBICE, &
I, —HE, BB L IR EE % Table 3 1IZ/R
Lo, (K470 H K : 6mg YL _EJiJH U 72 AL X 7
DHBIR, RIFEH, —RE, BIES X R
WCHERIEM -, LML, K:3mg ML FOMXIZ,
8 HU#% o ARl E, —RES X CHRINEE &I K i
HEOPIUEXIE LD Uic, —75, EEPRPuE
JEERT IR B O K i OEOIC & 5 228213/
lETH -7z
8HI2HD K & NiHATOERKIZ>VTK &N
D53 fii % Table 4 1278 L7z, K 48 6mg K Dt fiti ]

Table 4. Concentration (ppm) of K and N in
hydroponic culture solution.

Amount of K" 0.7omg 15mg 3.0mg 6.0mg 12mg 24mg
K Tr? Tr Tr Tr 0.1 25
N 4.3 2.4 1.8 0.1 Tr ND

1) The amount of applied Potassium (mg) per plant per day

2) The analysis of the culture solution before half of solution
was renewed and before daily application of K and N (10mg)
ND: Not detected. Tr: < 0.1ppm.

SN UE X TIRIERRICK OFRH M, > 7258, K
O i AR 18 D LER X (E EREEIR T O N BRI RS
Mot —J, K% 12mg Ul EfiJH U7z WX T i
B hic K o 2o 70, N ORI - 7.
N:K»1:06ThsK:06mg kb Kmnd
KitifESINEOHIRERTH O, K: 12mg M LTiE
N i EAHIRER E UTEEE L, N 10mg iIZxEd
IR %7
P#BRTIZ, N:P210:1TH3P: Img Y L TH
AN ZHIRER ES D N 10mg i2xtsd 200, K
ABRTRIN I KM10:6THBK:bmg U ETN:10
g I BT 2R A5 7. B, N 10mg Mk~
HT%oT%Pﬁ%ﬁ®Pmﬁﬁﬁ% OIEE, K
HBRARD K BAED B HEOINRITS - 72,
PONY ZIZB0TEIRB LT 1,72,000a 77 F V&K v
N O REIIRE DS 35~40°C sk LI EEHE P L K
R & b b~ MER RIS KE L, P
BR3P 0.25mg K IXELF THE &I U722,
W, XBXOWREEB T 2 HFO P RZAERSIESEE
Thote, KERFZIZIK: 1Lo5mg UL FTRIKEED K
VIFRED oI, B, EBIORBE T 0 K
REERIIESFEETH -7, 72, P:lmg H3 03
K:6mg U EOMHKXBNTP &30 i3 K ORZHER
724, B FoMKTIE N 10mg 2ZEmE CEER)
PIEABE (R OFIRERNTH - 72,

f&(‘\iﬁﬂ’

HBb NIV ALICETS b7 ORISR KUK
B
D N P-K&CaDBRNIEERE b< FRE
6 K#ED Ca HAMIEMIHX EZE L, MiEY72) N :
10mg, P:1mg, K:10mg =M HMiiH Lk Lz b=
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Table 5. Monthly yield of tomato cultivation in which 10 mg of N was applied
and Calcium was applied at 6 levels every day.

Monthly Yield (kg/6 plants)

Treatment

5 6 7 8 9 10 11
NV 1.98 3.24 2.41 2.15 1.92 1.99 2.14
N, P, K 2.03 2.97 2.32 1.96 1.82 1.85 2.31
Ca: 0.1 mg” 2.44 1.84 0.51 0.23 0.36
Ca 0.2 mg 2.18 1.91 0.39 0.24 0.45
Ca:04mg 2.34 2.08 0.88 0.51 0.28
Ca 0.8 mg 2.46 1.79 0.40 0.46 0.47
Ca 1.6 mg 2.22 1.85 0.42 0.38 0.52
Ca:3.2mg 2.17 1.90 0.57 0.59 0.59

1) Daily application of N (10mg per plant)

2) Daily application of N (10mg per plant), P (Img per plant) and K (10mg per plant)
1), 2) Ca concentration 71.5 ppm at the beginning of the cultivation.
3) Daily application of Calcium per plant. Ca concentration in the solution at the beginning of the

treatment was nearly zero.

N OILE % Table 5 1IZ/R L7z,

INFEBIRRI o 5 Ay SEfE272 0 N 10mg, P:
Img, K:10mg #MHHEH LK (NP« K% &
T5) &6 MEEOINEE, N:10mg 24 HiA L%
FA R X B AR & H I 2 3 - 7, T
Heoall# N @ 10mg, P: 1lmg, K:10mg & HIZfEA
MDD Ca &% 6 /KAEEZ THEHHMAH U7X (Ca
HBRETE) WBWTIHLUKZD b= MUEIFIZEA
EHED - 72,

MR TIHIZBOTYHS N, P, K BXUCa D
HIRTC B 3 28T O N & Ca D43#rii % Table 6 12
U7z,

NP KEBRRITBOTERKB DO N ICBET 5500
RO TROKMETH > 72, — 7, CaBRBRizBL
T, HERrh o Ca RN, M &I U TR
BHoh, i Ca s b= MRS 7 0B X (35
Mmote, i, £2TO CaLEXIZHBNTN DY
A LT,

Table 6. Concentration (ppm) of Ca and N in
hydroponic culture solution.

Amount of Ca” 0.Img 0.2mg 0.4mg 0.8mg 1.6mg 32mg NPK
Ca 1.1 1.8 29 53 89 118 176
N 3.4 34 32 34 24 2.5 ND

1) The analysis of the culture solution just before half of

solution was renewed and before the daily application of Ca
and N (10mg).

2) Daily application of nitrogen (10mg), phosphorus (1mg)
and potassium (10mg) per plant.

3) The amount of applied Calcium per plant per day.
ND: Not detected.

Ca ® B4 M X IE, CaftiflEmSDI I EERES
WEHPIBICEHIBALL, EWZKEBAETH D, ho4E
RELOREDFZELAEHBNREL 572, 2O EM
5, Ca ZHEMEU LOREEMHFT 2 LENH D, KR
WO Ca M A HN &3 5 0o ko Ie A iEA
RETS R Tdh B S HIMT L 7.

F 7z, WO WAFFEFR O PTUTHAARR D 51313 4 TR
AR ER (N, PBXUK) E—EOREUTNIIES
ERIAZE LSS h 2 2%E (Ca) DIEENREH
7.

2) EEKD Ca DREL b7 MRE

CaCl% W 750 £ KA D 1738k D Ca IRIE % 6 BRI
BE LK L7z b= ML&E% Table T 1R L7k,

Ca 28 20ppm X (LI#% Ca @ 20ppm &9 %) @ HHl
WREF 8 H» o 11 HETRE BRI ME, 72, Ca:
10ppm XKD ULHEE R, Ca : 20ppm & H#K L 9 A LI 20
L, LaL, [UROIETFIZEEN 10, 11 H &l
L7z, Ca:bppm U FOMEX TIE Ca : 20ppm & kg
LI HOLUBDOIWEIEFE L, hoZ0®%NET S &
A - 72,

Ca LB 25 H% D 8 H 30 HO 45 Ca XIZB I 5
BB D Ca & N Q% Table8 /R L7z, Ca:
10ppm YL O X D EE# T D Ca #5113 HELE % f&
5, NOKE&MEN 7. Ca: Sppm XL T O MELX
D CalBERPPEAL, NOEELIAD N, 8H
30 HIZT Ca : Sppm LI FOUEX D b < b, AEN
DD B VFEEMEILL, BEOBLEFEhIE L
7% 57z, Ca:10ppm XIZAERIZERTH 20, HEN
S E A oY
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Table 7. Monthly yield of tomatoes cultured in the culture solution at 6 levels
of calcium concentration.

Ca conc.” Monthly yield (g/2 plants) Total Aftir (Normal”)
8 9 10 11 Sep”.

0.75 1,308 140 110 134 1,692 384 C 0
1.25 1,330 554 408 372 2,664 1,718 ( 238)
2.5 1,436 546 648 530 3,160 1,724 ( 638)
5.0 1,458 652 662 618 3,390 1,932 (1,076)

10 1,420 788 816 982 4,006 2,586 (1,870)
20 1,470 1,338 1,174 1,268 9,600 3,780 (8,196)

1) Ca concentration(ppm) at the beginning of the culture.
2) Yield (g) of Tomatoes from Sep. to Nov.
3) Yield (g) of normal fruit after September.

Table 8. Concentration of calcium and nitrogen in used solution in warm

season.

Ca conc.? Amount of Ca Ca conc.” N cone.” Growth and

(mg/750 £ ) (ppm) (ppm) Development
0.75 062 1.3* 0.3 Abnormal devel.
1.25 1,125 1.8* 0.3 Abnormal devel.
2.5 2,250 3.4 0.2 Abnormal devel.
5.0 4,500 6.9 0.2 Abnormal devel.
10 9,000 10.6 Tr Blossom-end rot

20 18,000 20.3 ND Normal

1) Ca concentration(ppm) at the beginning of the cultivation.
2) Ca concentration on Aug. 30. 3) N concentration on Aug. 30.
* ND: Not detected.

reference data. Tr: < 0.1ppm.

Table 9. Concentration of calcium and nitrogen in used solution on Oct. 20.

Ca conc.? Amount of Ca Ca conc.” N cone.” Growth and
(mg/750 £ ) (ppm)” (ppm) Development
0.75 062 5.2 0.4 Abnormal devel.
1.25 1,125 5.0 0.4 Abnormal devel.
2.5 2,250 5.1 0.4 Abnormal devel.
5.0 4,500 10.1 0.2 Blossom-end rot
10 9,000 13.1 Tr Normal
20 18,000 17.9 Tr Normal
1) Ca concentration at the beginning of the cultivation. 2) Ca concentration on Oct. 20.
3) N concentration on Oct. 20. Tr: < 0.1ppm.

10 H 20 HDO%& Ca KIZEB T 2R8I D Ca &N D
M % Table 9 1278 L7z, Ca : 20ppm LERX O K2k
o CaiBEEFHAL, NOEHGMEN -7/, Ca:l0
ppm XD Ca PP LA L, N OERFIIMEN, - 7.
Ca : 5ppm LU FOUIEX T EE&KRP O Ca BIEI3 LA
L, NoEEPRED o,

ZORBEE RN S, b MAIER I E TR KR
D Ca OIKEERAIE, F2K EC 0.7, NIBENK
WEMOKEL 8 H Tl 20ppm, KiRMEF 4B &2

DR RFT P U,

HEc VIRVIALICEAT S MY FORFHES XU
B
D N-P-K&MgDEAIERAE 7 FRE
N :10mg, P:1mg, K:10mg & 6 7/K#¥D Mg H %3
et F X % 3 UgkRs L7z b= MR % Table 10 1255
L.
IWHER IR D 5 H A Sk %720 N & 10mg, P
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Table 10. Monthly yield of tomato cultivation in which 10mgN/plant of
nitrogen was applied and Mg was applied at 6 levels every day.

Monthly Yield (kg/6 plants)

Treatment

5 6 7 8 9 10 11
N 1.98 3.24 2.41 2.15 1.92 1.99 2.14
N, P, K” 2.03 2.97 2.32 1.96 1.82 1.85 2.31
Mg : 0.15mg” 2.05 1.77 0.52 0.44 0.35
Mg : 0.3mg 2.40 1.82 0.76 0.37 0.46
Mg : 0.6mg 2.95 1.69 0.50 0.39 0.57
Mg : 1.2mg 2.19 1.93 0.85 0.42 0.43
Mg : 2.4mg 2.38 1.88 0.43 0.68 0.58
Mg : 4.8mg 2.26 1.79 0.65 0.54 0.55

1) Daily application of Nitrogen (10mg per plant).

2) Daily application of Nitrogen (10mg), Phosphorus (Img) and Potassium (10mg) per plant.
1), 2) Mg concentration 34 ppm at the beginning of the cultivation.
3) Daily application of Magnesium per plant. Mg concentration in the solution at the beginning

of the treatment was nearly zero.

Img, K :10mg Z#%H M LERLI@iAEZ, 7HHa
V%A M720 N : 10mg, P:1lmg, K:10mg &3k
Mg Jiti il % 6 /K#EITE 2 CTH A LB X (Mg
R ETS) OINEIT I HURIBEA SN T2,

MBRETHBNT, H¥H45DON, P, KEBXU Mg i
IO O N & Mg D43 #rfii% Table 111378 L7z,

Mg B RICENT, FBR PO Mg iR, HifiE
WWHAILTEE D, b MZk - THEH Mg 284 Tl
I E N7 BT ED - 72, 4% Mg ilBRIX O ¥ 383 h
D N B, Mg OftiHEICKE Lz, —F, NP
KHBR DR T O N IR DT E I3RS TR K HE
Tho-1.

Mg @ H4 X < ld, HiH &AW 73 0 XIE S5
MICERSOEENIEE D, EFEZKENAGEERLD,
POLEEEEORFIREMTEAEEILL, BLL
INEEZ K, BEhRE Do, 0l &&D,
Mg 3 BMELL O REAHERF S s & B IR k%
IS AR R &I U7, Liehs- ¢, HEEHR

Table 11. Concentration (ppm) of Mg and N in
hydroponic culture solution (ppm).

Amount of Mg” 0.15mg 03mg 06 mg 12mg 24mg 48mg N, P, K
Mg .00 1.8 31 52 88 123 82
N 32 27 27 29 24 20 ND

1) The analysis of the culture solution just before half of solution
was renewed and before daily application of Mg and N.
2) Daily application of Nitrogen (10mg), Phosphorus (Img) and

Potassium (10mg) per plant.
3) The amount of applied Magnesium per plant per day
ND: Not detected.

Mg ORAEREIIZ, BB OMmoERED T VX
HeRF & B, O RERFE IS UHTH 5.

2) EERDO Mg DREEL M2 FRE

MgSO, » TH.O % i\ 750 £ /KK O B3 D Mg it
% 6 KHEIZA Z THEE U7 b= MIE% Table 12 1278
L.

LB G 30 H% D 8 A& Tid Mg KB X O IR
BT Uk, 9 ICES & Mg : 15ppm UL F D
I, Mg ARG X IZ S L7, KT
D11 HIZE 3 EAX E S HRIRSRPHM U, Mg !
30ppm XOfEEKIZ 8 Ao 12 HE TIEFBAE LR
7. —J, Mg : 60ppm XKOfHKIZ 8 H»oS 9 Ho
HEBHRERTHAN, UBNERZR L. Lal, K
BINCE 2 BN EOFENFD U, INESME L.

Mg ALELBHAG 60 @ 9 H 30 H 0 RE#EE D Mg &
N D % Table 13 1IZ/8 L7z, Mg : 60ppm X O il {k
DOEIERIEF LT 2R LIk, TUSNEMNFEE Lk,
ORI T O Mg BT HEMEZ R > 7228, N 23
MIZEER Uc, Mg : 30ppm KAEKIZEF B L ORI E
HICIEH THEKTO Mg RERKL L, N OKHE
12 & A LMD - 2. Mg : 15ppm BLF O MEEX O Mg i
FidebAal, N2 L, 9H 30 Ho Mg - 1.87
ppm X T, b= MEESBEHES 5 03 EESEILS
Hovon, REOEPIEIAEEEIEL. Mg 156~
3.75ppm X O EK IS A B AELEE L, HEAE Mg RZAE
WRERLUT.

Mo 12 H 156 HOR#ER B O Mg & N ORE%
Table 14 1278 U7z, Mg : 60ppm KIZIE#H BAEFERL,
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Table 12. Monthly yield of tomatoes cultured in culture solution at 6 levels of

magnesium concentration.

Mg cone.’ Monthly yield (g/2 plants) Total Aug.~ Nov.~
8* 9 10 11 12 Sep. Des.
1.87 452 356 246 324 752 2,130 1,054 1,076
3.75 414 368 340 580 866 2,568 1,122 1,446
7.5 390 435 394 641 1,194 3,054 1,219 1,835
15.0 508 548 734 1,226 1,332 4,348 1,790 2,558
30 922 1,330 1,346 1,527 1,528 6,853 3,598 3,055
60 744 504 416 388 1,054 3,106 1,664 1,442
Standard (37.6ppm) 636 872 1,373 1,652 1,520 6,053 2,881 3,172

1) Mg concentration(ppm) at the beginning of the culture.

* July +August

Table 13. Concentration of magnesium and nitro-

gen in used solution in warm season.

Mg Amount of Mg Mg concent.” N concent.”  Growth and
concent.”  (mg/T50() (ppm) (ppm) Development
1.87 1,402 2.8 10.0 Abnormal”
3.75 2,812 5.7 9.0 Leaf color”
7.5 5,625 10.3 9.2 Leaf color
15.0 11,250 17.9 9.7 Leaf color
30 22,500 20.6 1.1 Normal
60 45,000 64.0 3.8 Blossom-end rot

1) Mg concentration(ppm) at the beginning of the cultivation.
2) Mg concentration on Sep.30.

4) Abnormal development.

3) N concentration on Sep.30.
5) Unusual leaf color.

Table 14. Concentration of magnesium and nitro-

gen in used solution on Dec. 15.

M conc. Amount of Mg Mg conc” N conc.” Growth and
(mg/T504) (ppm) (ppm) Development
1.87 1,402 2.5 16.1 Leaf color”
3.75 2,812 6.1 13.8 Leaf color”
7.5 5,625 8.4 7.4 Leaf color”
15.0 11,250 15.9 Tr Normal
30 22,500 23.7 ND Normal
60 45,000 58.6 1.9 Blossom-end rot

1) Mg concentration(ppm) at the beginning of the cultivation.
2) Mg concentration on Dec. 15.  3) N concentration on Dec. 15.

4) Unusual leaf color. ND: Not detected. Tr: < 0.1ppm.

PR SR L, ERKD O Mg REIZ HEMEZ &
B, NiZbEMEE L. Mg : 30 & 15ppm K3
BB IOREE G ICIERE THEERTO Mg B D
L, NOBERIIEN -7, Mg : 7.5ppm LI T OMEX
D Mg E PP EA L, Ml N OERENED shi,
12 H 15 Ho Mg @ 1.87Tppm XiZ 3 W THEE O AR K
HORBIRIEFTH 20, EHFXEEL, ¥ Mg

RZIERER L, RFEOEPLIMLL THEEFEIELL.
Mg © 7.5~3.75ppm X 12 4 B ASIEEE L, %13 Mg K
ZIERER LT

COFER S, b= MEERDIER TG W RS T
Mg DK ER A&, BEDIE 20ppm, &I
15ppm FEE LTS e, F/2, Mg : 60ppm X i,
F< bO Ca BN ZBLE L, HRHKH O Mg I #i E#E
PHAEZ 5 &M L7z,

HEd BEICEAT S b~ FORSHES L UREREHE

D NESOBRSEERE b7 FERE

Wizd (L#ES &9 %) 28720 OKF-1 CKEILE)
2R, AN, P, K& 2Zzh<h Img, 4.8mg,
10.2mg /MK E L, SHif % 6 KEIZEZ THHIE
i U7z b< bOILE % Table15 1Zx L. 8 HFf)
DEAERD S & N O HriE R % Table 16 1278 L7,

THU#%OWEL, HBHO S MRS L. Fi.
S:0.34mg  fEk " HLUTTHS ESFEERINIL
578, RFEMOB/IMLERED AL, AR AL
DREFRE B L OBERBEPRAE L.

S 1 0.7~6.3mg Ak HDKAEETIE, S NEFAEKIC
BT 2IC6Mb ST, REERVOESONHI~DE
th, XKEIC@AEFHEE, @FFENERFEORIML@X
EWOB/MLERED AL, OEEIBORE RN LR
DRB IR B L OB R DR ~ET L7

S :6.3mg ik ALLF T, BERIC N RENE
wont, FKREEEZS OMKH 0 B IR A
L7z,

S 189mg Kid, SKZAEREFE L, FFERIC SN
ZAEEL, BALENEZTNT R MCRINEH,
HifA N 2D Img K HHBEE OHEER TH - 72,
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Table 15. Monthly yield of tomato cultivation in which 9mg of N and various
amounts(6 levels) of S were applied every day.

Amount of applied Monthly yield (kg/6 plants)

Sulfur (mg/plant/day) 7 8 9 10 11 Total
0 157 143 1.25 115 1.05 6.44

0.34 1.58 146 1.27 1.26 1.29 6.86

0.7 1.58 157 1.38 1.64 153 7.70

2.1 211 172 1.74 1.78 1.63 8.98

6.3 2.17 1.79 1.95 1.76 1.74 9.41

18.9 231 2.34 2.4 2.02 178 10.89

Mean 1.88 172 167 1.32 150 8.38

1) Daily applied amount of Sulfer per plant.

Table 16. Concentration (ppm) of S and N in used solution on Aug. 23.

Amount of S Total S S conc.’ N conc.? Growth and
mg/plant/day mg/plant Development
0 0 0 12.0 Abnormal devel.
0.34 14.4 0 6.5 Abnormal devel.
0.7 43.2 0.17 1.8 Growth delay.
2.1 129. 247 0.5 Growth delay.
6.3 388. 3.87 0.3 Slight deficiency symptoms
18.9 1,166. 01.47 ND Normal

1) Concentration (ppm) of S in hydroponic culture solution.
2) Concentration (ppm) of N in used solution in which 9 mg of N was applied per plant every day.

ND: Not detected.

CORENS b= ME, BRE» SHEFRK (S %
LRI RETH 578, —E ORSELLT TN RSN
U, BELAEFRESRAEL, ML AR
EBOMEFTEROWERTH - 12,

2) EBEEDOSDREL M7 MRE

%5 1 AL BAEN 2 & NaSO, % AW 750 £ 7k o K48
WO SEEE 6 KBIZEZTHE LI b FOINESE
Table 17 IR L 7.

LEEN S 30 HED 7T HIZB W T S ORERLIXIEE

Table 17. Monthly yield of Tomatoes cultured in
the culture solution at 6 levels of sulfur
concentration.

Monthly yield (g/2 plants)

S conc.” Total
7 8 9 10

1.5 471 569 581 0 1,621
3.0 516 802 703 101 2,122
6.0 612 833 17 270 2,432
12.0 837 945 732 346 2,860
24.0 946 972 872 395 3,185
48.0 1,041 992 972 540 3,545

1) Sulfur concentration (ppm) at the beginning of the culture

INEMNZ - e,
CHfEIz BN 7.

S 100 HAMAZ 729 H 30 HOR#EKTD S &N
Mg A Table 18 1IZ/3 L7, S48 B XU 24ppm KiZiE
WREFERLULLHE, N&EiE 48mg>28mg TH O, K
FRIT N MR U, St 12ppm KT, #
HIEHRTh->7cBEFICENABRED ORI, S:6
ppm XLU T OMEX TIEHE S N OEREBRED o1,
S :6~3.0ppm XITKENELE L, BT S KZIER
ZmamU7z, 930 HiZTS: 1.5ppm XTI, b= M
FEEMPEIH 5 VIFEREILSED Sh, REOEEI
HEEAEIEL. &b, b MRIEFEICAEERER
S OIKEFEIR AT 50ppm FEfE & HIr S 7z,

C OMEMIZAE D S HEAR#T 5 13

HEBe KEENELENMEERICHTS Cad Mg
D FEHLE R DREE

K 725 L <RI 50 T Mg o (I R

W (20ppm) Bk CESEERA (40ppm) % Ca MBI

EOZET B EMERIT L, T OEA Table 19 1<

wmUTe.
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Table 18. Concentration of sulfur and nitrogen in used solution on September 30.

S conc.? Amount of S S conc.” N conc.” Growth and
(750 ) (ppm) (ppm) Development
1.5 1,125 4% 20 Abnormal devel.”
3.0 2,250 o* 18 Growth delay.
6.0 4,500 8* 11 Growth delay.
12.0 9,000 15 6 Growth delay.
24.0 18,000 23 4 Normal
48.0 36,000 43 2 Normal
1) Sulfur concentration(ppm) at the beginning of the cultivation.
2) S concentration on Sep. 30. 3) N concentration on Sep. 30.
4) Abnormal development. * reference data.

Table 19. Yield (kg/6 plants) and Brix of the tomatoes cultured by the method of daily application of
NPK in which the concentration of Mg was 20ppm or 40ppm, and the EC was controlled by

1

using a CaCl; solution within the range of 1 to 10 dSem .

Conc.” (EC)? Month Totalz‘.)
(ppm) 7 8 9 10 11 12 Avg. Brix”
Mg : 20 1 2.38” 3.56 3.32 2.24 2.21 1.91 15.62
Brix 4.9 4.7 5.2 5.4 4.6 6.0 5.3
Mg : 20 D 2.34 3.44 3.43 2.72 2.18 1.96 16.07
Brix 5.0 4.8 5.6 5.8 6.1 6.9 5.7
Mg : 20 4 2.54 3.67 3.59 2.37 2.32 2.38 16.87
Brix 5.3 5.4 5.7 6.5 7.2 7.3 6.2
Mg : 20 6 2.26 3.59 3.58 2.36 2.52 1.92 16.23
Brix 5.4 5.5 5.7 7.0 7.9 8.1 6.6
Mg : 20 8 2.36 3.68 2.89 2.27 1.53 1.65 14.38
Brix 5.3 5.8 6.5 7.6 8.4 9.3 7.2
Mg : 20 10 2.19 3.50 3.34 1.46 1.81 1.35 13.65
Brix 5.2 6.1 7.9 8.5 9.2 10.2 7.8
Total 14.07 21.44 20.15 13.42 12.57 11.17 92.82
Avg. Brix 5.2 5.3 6.1 6.8 7.4 8.0 6.5
Mg : 40 1 2.08 3.97 3.84 2.66 2.06 2.69 17.30
Brix 4.8 4.5 4.9 5.4 5.8 6.2 5.2
Mg : 40 D 2.18 3.88 3.59 2.87 2.10 2.66 17.28
Brix 4.9 4.9 4.8 5.2 5.7 6.8 5.3
Mg : 40 4 2.11 3.79 3.41 2.62 2.56 2.88 17.37
Brix 5.2 5.5 5.8 6.4 6.9 7.2 6.2
Mg : 40 6 2.24 3.20 3.03 2.21 2.17 2.54 15.39
Brix 5.5 5.5 5.6 6.5 7.1 7.9 6.4
Mg : 40 8 2.08 3.66 3.13 2.18 1.93 1.65 14.62
Brix 5.2 5.9 6.7 7.3 7.8 9.0 6.9
Mg : 40 10 2.04 3.60 2.98 2.02 2.13 1.23 14.00
Brix 5.3 6.0 7.5 8.1 9.4 10.4 7.8
Total 12.73 22.10 19.98 14.56 12.95 13.65 95.97
Avg. Brix 5.2 5.4 5.9 6.5 7.1 7.9 6.3
1) Concentration of Magnesium (ppm) in used solution. ~ 2) EC in used solution.

3) Total yield of 6 plants (kg).  4) Averaged Brix. 5) Yield of 6 plants (kg).
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Mg O % % 20ppm & 40ppm IZ&F%E L, CaCl, »
2H:0 12 &k » TEC % 1~10 ICEA LB BRICEO b=
M, ATOREKIZBENT, N, P, K, Mg 5 &
Ca ORZLMFPERIIMEN - 72, THb B, CaiBER
Mg ORIRERA P K ORIICHEEHZ 130 > 7z,
—J, Mg EiEERR 40ppm %k T CaCliz & % EC :
1 ZffEfF U 72l iy Ca IR ICB W T, BEWIC
PUBOROFAEZMEN &0 FHBERALTFO Mg
IR TIE Ca O FHFRD R I3 ST S hrz,

7z, CaCly» 2H,O 12 &% EC : 1~10 ZHeFr U 7o 1%
FBRICED M~ MREGFIE O £, ECO LA
LB CaRZMBRAED SN M-I, ThoDRFEORERE
ZWE LA, EC: 4 U LD Tl R IHEE
O ERAAEBS 7, JHEL 701E ERIE TN - 72,

CaCl, * 2H,O 1T & % EC : 1~10 DB X IZ BN T,
EC @ EFIC & 2 &0 MHIZIRIZ/NMETH D, EC: 10
X2 TH EC: 2 X &Ml U 8 EIFEHE 0 I EKHE %
HeRF L 72,

2 BHERICEMERN P -KOERBENENFT
b E RIS DB
A a BRERTHOEFRRICN P - KOEKENT
b7 MRIEEDRRE
FTORE 3m, kY720 8 L DK EER VR
iz 7 b= MR EF IR A Table 20 1TR L7z, 3.7
fliltkm’, LAL: 4 Z#Fs L7 2705 5 SO k< Mifk
BT, AHIE GBI 5 ORLIEE 30t 10a LI EINHE L 7<.
2 28 HU#, N®N, PBXUK O, ftif
hORI B MK B 1 B BB O 4T #E R % Table 21

L7, 3 HHPOMAR YD N, PBLK =,
Wi, Bk &% Table 22 1IT/R L7z,
ERVESMEERE L 10 2 H 28 HB XU
3 H 27T A OVT, NiZ7vE=7# (NH-N),
ifERE (NO-N) Z4&bHETH 5~3ppm &/KE/KD N
TRIREIAELL T CTdh - 7o, FIE 1 ok ik
T 5K L /72D DN 53 84~53mg (8¢) THbhH, &
RO R MR O BN O N & 1~2 HIZHYS Lk,
Bk 1m0, N, PR XU Kt 1 EEX
DIRFEHE 2 D 2 H 27T HEFEKICT ST, N i3 NH-N,
NO,-N =& b8 T 75ppm, P i3dEtkH, K & 51ppm,
k%70 N, P, KigZzhZh 639mg, Omg,
43Tmg TH-72. T OHEEIZN, P, K ZhZN{H
A% 720 872mg, 155mg, 1,117Tmg % N & 1,730 1243
FTHH, PEKIZ4A45E UMM L. Table 22 O
FAsHic kg, 3 H 28 HOKBERO N, P, KEE
xeh<n 22, MWkEt, 3ppm THO, 3 HHITN, P,
K #4720 1,432mg, 155mg, 1,538mg WIX L,
@RS 72 DM N, P, K& 206mg, Omg, 16mg T
N O AFFIEHICERE Uz, B35 4 o 2 27 AR5
WO N, P, KEEIX, ZhZh 59ppm, 13ppm, 112
ppm, fEEKY 720 0N, P, KidZhZh 545mg,
12lmg, 1,03lmg TH-7z. ZOKHEKICIN, P, K%
nENMEEY 70 1,07Tme, 601mg % N 13
173012433 CEH, PERKIZ445EUH L. 475
o3 H 18 HOREKRO N, P, KEEXETNZTH 20
ppm, 5ppm, 23ppm TH Y, Table22 iZLhiF 3 A
12N, P, K ZMA%7c0 1,432mg, 125mg, 1,299mg
WAL L, kY7 0EE N, P, K&i¥ 190mg, 44mg,
333mg THH, N, PBIUKKFEEE bHRE I

48mg,

Table 20. Yield (kg/124 plants) and Brix of the tomatoes of which height was 3m with LAIT 4.

Tank Monthly yield and Brix (in parenthesis) Yield(t)/
number 6 7 8 9 10 11 12 1 2 3 10a/Year
1v 63.8 109.7 114.3 82.1 51.6 60.4 56.5 57.5 51.3 46.8 20.8
(Brix) (5.3 (5.3) (5.2) (5.3) (5.5) 6.1 (6.6) (6.8 (7.2) (6.9 (6.0)

2 90.6 196.9 2056.3 125.3 91.2 103.0 86.1 89.7 80.0 52.4 33.7
(Brix) (56.2) (GRY) (5.0) (GRY) (5.3) (5.8) (6.4) (6.8) (7.0 (6.5) (5.8)
3 110.9 189.6 197.2 126.3 90.0 93.4 82.7 105.6 78.9 49.4 33.7
(Brix) (GRY) (5.0) (5.0) (5.2) (5.3) (5.1 (6.2) (6.6) (7.2) (6.8) (5.8)
4 103.3 177.0 176.8 92.7 84.4 112.9 98.3 100.7 4.1 50.0 32.1
(Brix) (5.2) (5.2) (GRY) (5.3) (5.5) (5.8 (6.4) (6.5) (7.00 (6.7 (5.9
b} 99.7 180.4 166.7 112.9 93.2 115.2 91.5 98.9 71.8 48.5 32.5
(Brix) 5.0) (GRY) (5.0) (5.4 (5.4) 5.9 (6.2) (6.4) (6.9 (6.6) (5.8)

1) 62 plants/culture bed and tank (kg).
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Table 21. Content of inorganic elements in used solution on hydroponic culture in greenhouses.

Sample

Content of elements in nutrient solutions (ppm)

Tank| Date | EC NH-N NOs-N P K Ca

Mg Mn Fe Cu Zn Na Cl S

—_

2.28 1.9 2.0 2.9 35 254 86

46 0.74 28 087 0.19 42 220 124

1 3.14 1.6 1.0 2.0 30 206 o1 39 0.03 1.2 057 013 37 179 103
1 3.27 1.0 2.1 0.8 14 116 26 24 0.08 1.5 0.68 0.14 60 131 68
2 2.28 1.9 1.7 72 ND ol 180 71 0.18 21 119 015 59 185 127
2 3.14 1.7 1.1 49 ND 7 140 88  0.16 1.6 082 0.12 08 190 138
2 3.27 1.3 0.8 21 ND 3 108 67  0.05 1.8 0.80 0.07 00 177 113
4 2.28 1.8 2.1 o7 13 112 141 66 0.16 23 078 0.18 08 203 131
4 3.14 1.6 09 33 11 69 105 78 0.03 1.4 069 0.16 50 183 137
4 3.27 1.3 0.9 18 by 23 83 62 0.06 1.9 075 0.09 50 154 107
3 2.28 1.7 2.1 50 ND 24 159 121 0.06 2.3 087 015 58 202 118
3 3.07 1.7 1.6 31 ND 12 140 127 0.02 7.3 077 0.12 61 173 184
3 3.14 1.6 1.0 22 ND 3 115 113 0.03 1.5 0.63 0.12 08 186 196
3 3.20 1.5 1.4 10 ND 2 111 103 ND 20 063 0.14 61 156 166
3 3.27 1.3 ND 0.8 ND 2 91 89  0.01 1.9 065 0.12 95 163 162
5 2.28 1.7 2.1 46 ND 28 172 81 ND 28 072 0.09 64 223 108
5 3.07 1.6 1.6 24 ND 10 143 75 ND 26 048  0.03 67 214 121
5 3.14 1.4 0.6 12 ND 3 113 69 ND 2.0 037 0.04 49 183 94
5 3.20 1.3 1.5 5.2 ND 2 102 61 ND 24 048  0.07 65 207 102
5 3.27 1.2 ND 0.8 ND 1 68 47 ND 1.4 033 0.04 43 119 90

ND: Not detected. Tr: <0.1ppm.

B Ui, 375b B, 10a 72 b B Pk i pEO4ER
N, P, K Zh<h 710.6g, 164.6g, 1,245.4g fliestic
HEH T 5.

7 HEFEEERK 4 W54, N, PB XK Mifa 4 1]
BIEXOFEA 3 & 5 D& MEEHEF AT 1T Table 21
ODTELHMEBL, SH2THIZES EHBKON, PE
KUK & dppm LU T TH D 2 H 28 HITHE(E L 7o B0
TON, PEXUKIZ M MIKEEIZ X D 2 TRILS
Ntz. Table22 12 kniF, 3SHRG5F5ME S 1 R
WA Y 72 0 121E N - 1,100mg, P :120mg, K : 1,100
mg WIN L7, 2H28H~3HTH, 3HTH~14H, 3
H 14~21 H, 3 H 21~2T HOKWIR D <= MMy 7z
DD N & KRRE, PoMMiH&EDIZIZ 10T
b, THHD 300mg HiETH - 7.

a1 407, N, P B XK M 1 BEIEX
DOMEED N, PB IO K PINE S L, KK 4 ]
G471, N, PR XU KR4 mEEXOMEAED N, P
BXUOKBINETEGIZSOBRETH - 2.

HEb HEBERICN-P-KEZOLKWEBHEREKR MY
MERRISORARE

2003 4E 3 H 20 H#&FE, 4 H 15 HERL, N, P B &

O K 0 R % BIG U 7o S AU X INCR: & IR %

Table 23 1275 L 7z.

BHRVBSHEEEE O b~ MEKEED LAI % 312#
Fr Uiy U738/ 1 o RARRED H R O R % 5
5&, 8 HE TRIEHABIGEKIETH - 72hs, 9 HOIL
BEIFLIKTFLE, ZOBBBELEK10 » HRO
FBFIIZ T 27.3t 102 TH - 72,

415 L% 10 1 : 10 ® lb% % &> NPK Lk o
BRI X A EBIKICN, PBLIOKEBEROMOIK
Fobli 2 o HRILRS, B 1 oA & 13213% L
BL, 10 » HAROFEMICR T 25.9t,10a TH - 7.

R 10 11010 O RO NPK RO H 43I0t i,
SH1IH»S1E10:1.1:11~10:13: 13 0l&ED
NPK JEE, 11 A5 5 10 : 1.2 1 11 @ NPK B o &1
N & B EEIRIC N, P& O K B8 O MG
3, 4, 5D 10 » HROIEIF. ThZh 26.4t, 26.6t,
26.8t10a TH b, BFEHIZ N EHOMOFIEHN 1 &
Mg UK & IR 22 3D - 72,

%72, Table26 IZ/RTE#EKDO ECEFHOLET, #
FORHME, N:P:KA10:1:10 ® NPK Lk
HHVE8HANSON P K %A 10:1.3:13, 11
H»510:12:11 EN:P: K OMifLLRAZE Uit
o B % ke L 2o & X IC B 0T, H B o B9 R
(Brix) MO RIE TR UK 722223 M - 72,
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Table 22. Amounts (mg) of uptake and application of N, P and K in March.

Amount of fertilizer (mg/Plant)
Tank’ Date plants”
N P K

1 2.28 58 solution” 84 600 4,382
1 applied” 1,311 - —
1 uptake” 1,342 — —
1 3.27 54 residual” 53 257 2,143
2 2.28 116 solution 639 0 437
2 applied 872 155 1,117
2 uptake 1,432 155 1,538
2 3.27 108 residual 206 0 16
4 2.28 109 solution 545 121 1,031
4 applied 1,077 48 601
4 uptake 1,432 125 1,299
4 3.27 100 residual 190 44 333
3 2.28 115 solution 443 0 212
3 applied 150 30 150
3 uptake 307 30 306
3 3.07 115 residual 286 0 56
3 applied 185 32 260
3 uptake 270 32 290
3 3.14 115 residual 201 0 26
3 supplied 170 28 265
3 uptake 273 28 275
3 3.20 112 residual 98 0 16
3 applied 170 28 235
3 uptake 261 28 237
3 3.27 110 residual 7 0 14
3 total absorp. 1,111 118 1,108
) 2.28 119 solution 403 0 231
) applied 150 30 150
b) uptake 328 30 336
b) 3.07 118 residual 225 0 45
b) applied 185 37 260
5 uptake 303 37 283
) 3.14 114 residual 107 0 22
) applied 170 26 260
b) uptake 216 26 265
b) 3.20 109 residual 61 0 17
b) applied 210 28 250
5 uptake 264 28 260
) 3.27 107 residual 7 0 7
5 total absorp. 1,111 121 1,144

1) Tank number.

4) Amount of applied fertilizer per plant.
6) Final amount of residual fertilizer in solution per plant.

2) Number of plants.

5) Uptake amount per plant.

3) Amount of residual fertilizer in solution per plant.
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Table 23. Yield (kg/124 plants) and Brix of the tomatoes of which height was 3m with LAI 3.

Tank Monthly yield and Brix (in parenthesis) Total  Yield(t)/
number 6 7 8 9 10 11 12 1 2 (Kg) 10a/Year
1Y 118.9 152.6 141.5 92.8 95.0 92.6 91.8 67.6 47.6 910.4 27.3

(Brix) (5.3) (5.3 (5.2) (5.3) (5.5 (6.3 6.7 6.9 (7.2) (6.0)

27 116.1 140.9 137.0 99.9 92.3 87.9 85.2 70.4 33.9 863.6 25.9
(Brix) (5.2) (5.1 5.1 (5.2) (5.3 (5.9 6.7 6.9 (7.2) (5.8
3¥ 119.4 157.5 136.9 90.3 94.0 914 88.3 64.8 36.1 878.7 26.4
(Brix) (5.3) (5.2) (5.2) (5.3) (5.5) (6.0) (6.9 (7.0) (7.5 (6.0)
47 116.7 145.1 135.7 87.4 91.3 89.3 95.6 65.7 37.3 889.1 26.6
(Brix) (5.2) (5.2) (5.2) (5.3) (5.5 6.1 (6.8 6.9 (7.2) (5.9
5 126.5 147.0 140.1 86.3 96.2 93.4 88.7 71.9 44.7 894.8 26.8
(Brix) (5.2) (5.2) (5.3) 5.4 (5.6) (6.3 (7.0) (7.1 (7.4 6.0)

1) 124 plants/culture bed and tank. The tomato plants were cultivated in the solutions in which no residual N remained.

2) 124 plants/culture bed and tank. The tomato plants were cultivated in the solutions in which no residual N, P and K remained.

Table 24. Yield component of the tomato plants cultivated in solutions in which no residual N, P and K

remained.
Tank Yield Weight Good” Num. of” Num. of harvested ~Num. of  Stem length ~ Num.of
number t/10a  of fruit(g) fruits rate fruits/clusters clusters plants/10a (m) leaves
17 27.3 125.8 95.6 3.07 19.6 3740 7.53 88.2
2" 25.9 133.8 94.0 2.89 19.2 3740 7.29 86.2
3Y 26.4 136.0 94.1 2.85 19.7 3740 7.51 93.0
4 26.6 137.7 93.2 2.87 19.4 3740 7.47 87.2
5" 26.8 132.0 94.2 2.90 19.9 3740 7.60 89.2

1) Weight of good fruits/Weight of total harvested fruits.
2) Num. of harvested fruits/Num. of harvested clusters.

3) Yield component of the tomato cultivated in solutions in which no residual N remained.
4) Yield component of the tomato cultivated in solutions in which no residual N, P and K remained.

5) Date of investigation: 15 Feb. 2004.

S EARE D UL R % Table 24 1ITR T, %
FV B2 O T FREAE 1 O EIAREED IR
B, BERPICN, PBIO KRR 2~5
LT 5 &, 1T RERPPEOEOD, BRI
Mic &<, RELODORETHED 27t,10a DI E %
R L7z,

BRI 2 T, REH L OREE N REH MO
AREEM T LA 0, AREREIGR 3 25.9t,710a &k
b9 o7, FHHE 2 OMAREO X E MK & Mg L <,
BRI I o T2,

B 3 TR, 1R &R R RO LR B O B
AR U7, IR 26.4t 102 & AREEHE 2 12RO TR A -
7o, 2B, BRI 2 OMARER XM D AKX XD
18- 7z,

BRI 4 T, FRICHEIERD o h s o 7L REG
4 DY 26.6t10a EFEHE 3 K D P25 72,

HEAE S TR, 1 RESREM LICREBRVL 0D,

i D IR R EER S R O EE AR L, IR
26.8t,10a EAREIME 1 ISIRE X - 72,

EHR VS ML OMEEX, N:PIKAW10:1:10 &
5208 AMSON P K WA 10: 1.3 13 0#iipiT
ZHEL, 11 H»510:1.2:11 &N : P K Ofif &
ZEH URIIHIE 2k L7c g Kick 0T, IR E
FOLEEEB LT EEMITMOSH 525 RN - 72,

2 H 15 HIZB W 2 K REM O AT A 36, K,
ARBRIEEL EHIfFRE Table 25 128 L e,

BWHRDBEHEEE O b= MEKEBED LAT : 3 % B
1IN Z SIS HIE U THERF U TfkRs U 7o 4kB5 i 1 o |
KB, N, PR LUK 2®AICHIE U THES U odss
1 2~5 OEARTEICBI L, #THO LAI 3 3HI#ETS -
fo. FREERE 2 ORAREE, AEIEE, XESPPRL, B
A, IWEB X UEYEEROTh MR L 0% - 7.
BRI 3 O AR OBIFRIZ, B 1 oARICE -
fehs, WEEAE 0, SRR PE R B 2 o EAkRIz S
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Table 25. Fresh weight of leaf, stem and immature fruit of tomato plants cultivated in solutions in
which no residual N, P and K remained. Date of measurements: 15 Feb. 2004.

Tank LAI Days of Leaf Stem Immature' Standing’ Yield Yield/ ’ D.W. DWRY”
umber cultivation (g/m» (g/m" Fruit (g/m?*) Crop (g/m") (Kg) yield+St.Cr.” t/10a  (kg/10a)

1" 3.17 307 1,259.3  3,406.1 3,672.9 8,338.3 27,312 0.735 1.90 42.1

2 2.88 307 1,142.2  3,439.6 3,696.7 8,278.5 25,908 0.726 1.84 61.8

3 2.98 307 1,183.5  3,5631.3 3,659.9 8,374.7 26,361 0.727 1.87 62.7

4 3.07 307 1,218.0  3,584.2 3,606.0 8,408.2 26,673 0.729 1.89 57.9

b) 3.09 307 1,226.0  3,563.0 3,677.4 8,466.4 26,884 0.729 1.90 58.0

1) The tomato plants were cultivated in solutions in which no residual N remained.

2) Standing crop (g/m?).
3) Dry weight of root (kg/10a).

XTI 4 OEERBEOBIARIE, R 5
DIAEEIC D EZh - 7ohs, W R R 3R 1 B &
U5 OEERBRIC IR U - 7o, %5 5 EATF O Bl &
B b Z D - 7oy, WHEEE X WA e T AREY 1
EARHCIHI LS 7o, b= MREANDTWH TR L
WHRERS, RS WA D BATE & & - 72,

8B, N, P, K, SEX Mg =ZMiltHEEH N
HEAE 2~5 O EARTED RO E 1L 60kg,10a 14
(FHR 6.5%) T, BREMED 3%%E D BITT SR
n, BFRILEHSEEEH O 1 OWwRRE
40kg 10a & bl U 4 BIFREERM L 7c.

Table 26 12, ERiFE, N, P B XU K O MULEEB
b I) & AREE Ry D RE BRI TSR 2R L7

Bk LoEmgERVRSIEEZHOTLAL: 3
ZMERF U TR U 7O 1 ORFBIRICIRET 4 5 ki
O NEHEZROMB AN S &, N3AEFHNE2EL T
W TIRILE AR B L7z, P 3.4ppm A 5 30ppm
FREEICIE AR L, K I3 69ppm 22 & 190ppm NI %
WL/, Calid 38ppm % 5 105ppm @ HiPH, Mg i&
23ppm~30ppm & ZE L2 B THER Lz, Zhickt
L, ST 40ppm » 5 107ppm, Cl & 155ppm » 5
224ppm N IT B O BRI ER L.

B 2 ORFRWIE, EMT H#O 10 H 15 Hizks
TN & 1ppm, P 0.3ppm, K i3 3.6ppm UNIZHE#
L7z. Ca it 54ppm~3lppm D #iPH, Mg & 47Tppm~
30ppm &L U EARICHERS L7z, iU S i3 49
ppm~91ppm, Cl (Z 163ppm & 240ppm ~ A3
MO FRERICER L7,

TH31HETI10:1:10, 8H1H»5IF10: 1.1
11, 11 H»510:1.2:11 ® N : P : K lEo k% H
W, AR U LAT % 3 ISl U TaRkEr U 7o kiss
M3 DR/IKICEVWT, N, PBIUK OERERIT

HI5HETEEIE 2 LIZEAEE LMo/, 10H 15
HiZBWTsd NI 1.8ppm, P id 0.1ppm LI F, K&
2.8ppm TH O, FEIEH 2 EDOEBIIMWED - 7o, i
3 ® Ca i3 37ppm~88.8ppm @ HipH, Mg i¥ 26ppm~
41ppm L& U BHIEE#MER L7z, £/, S i3 47ppm
~ 86ppm & &E U 7o Bl & MEFE U748, Clid 181ppm
5 3TTppm EIREEAS LSO BEIcER L 7.

BRI 4 &5 OREKICELT, THIS HETER
IREHN, P, K, Ca, Mg, SBLUClOGHRD
HERBIE, M2 B X3 EERIENA-72. 8H1H
MONIPIKERN1:12:12, 11 AN510:1.2:
11O N:P:KEROEEZ M, &2 L
LAT 2 3 ICHIf U TR L7ckiEi 40 9 H 5 H, 10
H 15 HERIK I, Mo TRKBETH 50 1.2~1.6ppm
D P, 24~33ppm ® K YA AEH Sh . N ik
0.2~0.5ppm TH D, FHIEAE2 L3 OHFEK LD N B
BEET U7,

TH31HZT10:1:10, 8H1H”»S5N:P: K}k
Bhp1:13:13, 11A»S10:12: 11ON:P: Kk
RoJEE 2RV, M AEFE L LAL % 3 ICHl#E L <
UM S09IHS5H, 10 H 15 HEF#EK L,
2.3~2.6ppm @ P, 2.8~3.9ppm @ K N S i
A, NI 0.5~0.6ppm THh v, #FKIihl 4 O R =R
ICHRARAE 2 0 3 ORFEIR & O NIBESMK T Lk,

R4 £ 51280 T, Ca, Mg B3OS IR
B2 &3 LIRBREE LI Lic, —J, K4 L5
BT Cl ORER, il 2 5 K03 & MR
BB U TR sy, BRI ERR™ L.

N MEAFEOIEREZE N @ P - K BN LR AR 5700,
8H1HMMS N :P:KMWH#EA10:1.1:11, 10:
1.2:12, 10: 1.3 13 DMK A E Uk & fkfke U7
LA, 10 H 15 HOREHE TR RIc&id, NP
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Table 26. Content of inorganic elements in used solution for hydroponic culture in greenhouses(ppm).

Tank Date EC pH N P K Ca Mg S Cl
Seedling 4.15 0.7 5.0 ND 8.0 52.1 25.7 24.5 33.8 98.0
1" 5.15 1.0 5.2 1.0 9.7 92.7 50.2 27.6 40.1 155.0
1 6.15 1.1 6.0 1.4 0.8 69.9 65.3 23.5 48.7 162.5
1 7.15 1.3 6.4 0.1 3.4 99.7 105.1 23.7 67.1 172.1
1 9.05 1.4 5.3 ND 28.2 189.1 90.1 28.7 92.7 188.6
1 10.15 1.4 5.6 ND 23.7 170.2 38.5 28.8 106.9 224.9
1 12.15 1.8 5.8 Tr 63.1 282.4 156.8 41.6 205.2 2175.7
27 5.15 1.0 4.8 ND ND ND 54.4 33.4 49.3 172.9
2 6.15 1.1 6.0 ND ND 1.3 48.6 47.4 77.3 163.8
2 7.15 1.3 5.8 0.5 ND 1.9 30.8 29.8 80.1 195.3
2 9.05 1.3 5.2 0.9 ND 3.3 42.3 35.2 91.0 202.4
2 10.15 1.4 6.0 1.0 0.3 3.6 37.7 30.1 88.7 240.2
2 12.15 1.6 6.0 2.4 Tr 3.9 63.6 46.8 91.4 391.5
37 5.156 1.1 6.4 ND ND ND 58.6 26.6 474 189.1
3 6.05 1.1 6.2 ND Tr Tr o7.4 41.8 74.6 181.6
3 7.15 1.2 5.3 ND ND 1.3 46.4 33.3 74.0 224.3
3 9.05 1.3 5.0 0.8 0.7 1.1 37.7 32.4 86.1 290.8
3 10.15 1.5 6.2 1.8 ND 2.8 88.2 34.2 78.8 377.3
3 12.15 1.8 6.0 Tr Tr 1.1 171.4 41.5 89.0 415.0
47 5.15 1.0 6.3 ND ND ND 74.3 36.5 69.7 173.2
4 6.15 1.0 6.2 1.9 0.9 1.3 70.9 04.1 92.5 147.8
4 7.15 1.2 6.2 1.8 ND 1.2 42.4 39.1 96.7 185.5
4 9.05 1.2 5.2 0.2 1.2 2.4 32.3 31.8 90.6 2601.7
4 10.15 1.4 5.4 0.5 1.6 3.3 72.9 30.0 78.9 338.6
4 12.15 1.6 6.2 0.3 0.1 1.9 159.7 38.3 96.3 381.5
5? 5.15 1.1 5.4 ND ND ND 67.2 37.1 65.5 191.5
) 6.05 1.0 6.2 1.5 ND 2.1 01.8 52.3 89.9 146.4
5 7.15 1.2 6.4 Tr ND 1.1 64.1 30.8 7.9 273.1
) 9.05 1.2 5.3 0.5 2.3 2.8 31.0 35.0 79.1 285.4
b) 10.15 1.5 5.5 0.6 2.6 3.9 69.3 33.2 61.5 343.8
5 12.15 1.7 5.9 Tr 0.4 2.1 153.8 40.5 83.1 425.8

1) 124 plants/culture bed and tank. The tomato plants were cultivated in solutions in which no residual N remained.
2) 124 plants/culture bed and tank. The tomato plants were cultivated in solutions in which no residual N, P and K remained.
ND: Not detected.

Tr: < 0.1ppm.

KHER10:1.1: 11 XTE P ossid, 10:1.2: 12
KBLWTNEPOLILEEEEREDI. LrL, K
13 3.3ppm & N BXU P W LR m0EEER L.

T DEFHRIR T R J & it FEAEDRE o0 B R 0 MUK I
WS4, 3~5 5 11 A Soitifld5 N:P: K
DHHRA10:1.2: 111ITEZk. &51T, N, PELU
K 73 sd TIRILE 2 338112 B 1 5 Ca & Mg OREHiLlE
M ORI RE R AH D At (Table 19), 11 HLI#%iE S &
Mg % MgSO. 2N ozh£h 1717, 1722 fi
ITrmIMAICYI0 A, Lic-T, 11 H»560
3~5 FAIEHE D EC HlfilE CaCLA 2 H W TEELL 72,

12 H 15 H R BB raERIc L hid, ERD RS

ke U 7o 1 o8 8id, N o720,
PIIEEL, K, Ca, SBHXUCl MEF#KICER L.
CHIZHUN P K HRA 10 0110 2k U 7o3kss
2 ORI P ML TH - 72Dy, N & K MWED
IR L, Mg EansAEE ik LeeEd, CliEm
BEICER L.

N:P:KHE%10:12:11, S & Mg = ®RHIH
IZY) 0 B A IREERE 3~5 DRERIK TR, N & P OB
FiEEAEMNE I AT TYE LN, Kid 2ppm
HEOREAZFD, Ca: Mg:SOlEREXUOKRHEESD,
AR 1~2 S LEAEIcEE L, Lo L, Clo
BHEYEETE M- .
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1 EEZERMEZRICBTEZ MY FPORREBES LU

BB i

N TIT b~ MAKRFOZEMA = 5t Obdmichf
W ZKHE) 1Z FEMR R O E A RIICHIE U ks
T 5 ERBMCERERNEKS T, o ERIEREHRE
b= POWINEEAR (b= MRFEOEHEAR) TG L
FERIEEL (RE 1580 £2H0A I LiIckD, FRIGE
30~40t DERELITHE U W IFERTUFR AL RS 2 B U7c (il
J, 2000 5 2001a). fho FEEJERIEER & ER & RER
O o msal 872 513, FHEiczh S 0 IERHER 0K
P LS b MRS AIREEHEEL, P bhOP
WA At L7z, Ca, Mg, S B LUK mFEuejas
VI EEfEd a8#m e G, b MAEBIKLESRO N
EPEHMHMMAT 2 &, WHEHU#OMATIE, NP
OEFLRN10:1TH5EN &P EZZIZEEWIA]
BETHD, N PORZAER (i, 2002) 273<,
FERVEBSIMIEIT XS b~ MEARREE & Mg U I SRR
BMEEBFBEBIELB LI FOP ENOWINE XUOKE
A o,z L7z (Tablel, 2). HEvT, kK
EROKIZODOWTHRFLAcEZ A, Ca, Mg, SELU
P 2B L] RIR AT A REIR AN V2GS, N K
ODEEWRENT:06~12ThHhsEN LK 2IFIFLRE
IR RET, N K ORZAER (i, 2002) 275<,
FEHRVEIMEIT LS b~ MEAREE & Mg U I 355
EEBFRRADEBES N < D K &N OKEE
P& 7R U7c (Table 3, 4).

DO NI N5 v ZAR =7 =05 L (MR
1999), D O{KEE NHIED N5 v AR —F — DIEIEMN
BHoN TS, Fi, YO PRI KRR
DT UvRR=F— (ZH, 1999 ; K&, 1999) DIFTE
MED SN TS, FlHO K WIUHE 35380 o K
BIEIZXD 2 BBICREE ZENEHI SRS TED,
N P RS ERESIKBED M v ZAR—7 =2k 5
AN BERE D AFET S (MAATHUIS S, 1993 ; MAATHUIS
5, 1996). FHbH, b= MZIEN, PEBXUK KL
B L CE N TIRIREHE 5 v 2R — 7 —FEL
MO M2 MIN, PEXUKBEENMRD TIREETH -
THHEMKEFET 5 M5 v 2R =y —BAE W ATHE Lt
EEh,

72, KT 5 N/ PH»H>10 Th s & P Offi =
AR D b= MEFREFHEL, N ISERKICKE

U7z, MilEd % NP A5<10 TH % & N O i &AL
VAEAD b MAEFREHSEL, PIEdESRICEE L
(Table2). ZD&&, < MIPHBLENOFELL
RZIER G L, KEESZED S FHEBFRO AN
5 EMHAEEMEOR#TH S, FEk, AT
N/K»>1Th s & K ofifmnsLllfko b< b
BaAAEL, NEEgKicEgELrz. i+ s NK
M<1TH5EN ORIHEMSIMNAAED < MMEBR
AHE L, K EIERBICKEM U7 (Tabled). Zo0BI%
MORIEN, PEBXUOKIZBIL, AEERD AP

LTEDH, NAEKOK &P, PAEKON &K, K
ARFED N & P ORI 3N EHEE Ui, —H,
N, PBLUO K WHEICHFET 23K T, P M
S DIEHE R 2 BRI S 2 D FEIREIN T 5 Ca
Ao, 1979). bbb, KfFENLS N, PBLXF KN
EHITHAETIEEROA, N, PEBLUK OBFE
D 2 O FERBISEEE 1275 5 R S h e,

LAl O SMNAA < hDO N P K ORI
RiF10:1:10TH5 EHfEshi. ZOEI < b
REON:P:KOFHELREHELL (FI, 1996 ; #
JF, 2001a ; 2003). #iSF: (2001a ; 2003) i< khiF, 3%
By (Gf) REPLPIZI MEEONAHREIPPE
WS, PEKoAARGIITEND, BFEON:IP K
O HRIIMD TLEELTNAD., & 51T b= MIUHEDILL
o YEERE N, PBXUTKKINED %L L%
RIS 5 (S, 2001a 5 2003). HFELS O L
AKIBFO NP K OBGHLELRIERES L ERITA
» 5N (GERALD, 1993). TS5 o#ERM S, b
< MINAKIZE T, N:P:KOAHLED 10:
110 est=mab®me ST 5 &, P POEFR
KOART2ERICELOGIH S, N EFEHEKP 8LV
K ORZIERDIEEA EM L, WHREHZ EAEFR
WADBIELEDONBNI ENS, PEKIF, N&
[k H D ffi i 2 % RIS A9 2 SRS HRICEREE 72 <
EHS b= MEEESUFETH B EHEE I N/ (Table 5,
10).

DT, b2 bD CaBIFFEIC >V THRE L. §
bbb, Mg, SBLUK, PNIEHEREL LisET 5
BEREMO, M MEFIZLHEREON & Ca 2EH
M3 5 &, IHEBLI% oMK, F8KIC Ca WEF
THICbhDbST Ca REfERERL, bw MEHR
i3 Ca OIS, RIEEL X ORE PR
LI BAEHEREER LU, £, b< NI Ca LS oah
BRI T B RBRIRGEMICB UL T Ca 2 2RI T
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X hotz., ThEb, b= D CaWIVEPEIZ N, P
BIUOK LRI, FEETO CaiBENH 5 BELU
ToORETIEFTILEEAZWNTEY, ZOLEN

SRR S 2 Evna e (Tableb, 6).

ZIT, WHEHMU#O b< MERSTERIZAEE TR
B o Ca RIBERA Z Rk &2 A, BEHIY 20
ppm, JEMEH 10ppm LfERM N, BIFEIEREHICK DR
T ofe. BRI O Ca IRIENZ ORMERE R TH 5
Ebhw MREIFEBOOTAEL, EHEFELIESN
HERESMNIFBAA LI (Table?, 8, 9). F7bb, Cans
RIRERRLI T TH 5 EWINNF L L Hifilan s Z &
5, hxbhDCa b5y 2K—%—13, CalKEERR
VIETREREL, RKBEEEIS b S v AR =7 — 3O M d
B0ERMICDBNbD EHEEINS. TR bBEER
ORI PR R 20ppm UL LD Ca 2SEFEL T 5%14:
TizBLTD A B3NS Ca O RIHITHAEERES

F?F@MgWW%ﬁKOMTﬁﬁbt.Tﬁba
Ca, S, KBXUP MWHAHREL LIEET 2 B8R %
Mo, HEEON & Mg BT 2 &, IEIHU
#®o b= MEKIT, BRKIC Mg BEFET 21260
boF Mg RZEKRZERL., b MEFEIT Mg @
Jii R Il 9, Mg KRZIERIGEORE (L,
2002) LSMIC D o, REOHFEL L PIRENAIE
RE LB -7 51T, b M3 Mg Mo BB
DIEFT BEEEREMEITB VT Mg 22 BRI TE S
Mmoot Th&b, b= bo Mg RIUEERN, Pk
FUK ERTY, BREPO Mg IRENMURETH 5
EAFICLHERERNTET, 00L& N LEEKRD
IS Z EvnE i (Table 10, 11).

INFEIDI % D - < MMEARDSIER 1B T Re s B
D Mg [KIRERR 2RI &2 A, BEY 20ppm, %
5 10ppm TaH O, Mg OEHIITHIC L DRI D,
3 b o Mg IR 2 o B R TH 5 L ZEQ
REDAHTIEL, P MEARELIHESH, RFER
LA & 1k, BRI N 028D (Table
12, 13, 14). chb, F<hOMg b5 v 2E—F —
3 Mg IRRERALL LT L, RREWIE NS v X
K= B d sV EFREMITDEOHD LHEE SN
%. 918b 5 Mg OREIIFHIEHAEEES 5 D 1% Ca &Ik
FR M I IKIR RS 20ppm KL B Mg #17 Z H %
e LTna, &5z, HERETO Mg A 50ppm
LI L (Tablel2, 13) TH 3 & Ca WA EEN S
E o, Ko Mg BEII#IERHE (20~40ppm)
DD, b= MEREFEKR B S EIES Mg i #iP

MIZOI/INETH S EfRETE 5.

K & Mg B XU Ca OWIUIHET/ERNH 5 a3 T
W5 (IBHE, 1989 ; [lik{E, 1976). £ Z TN, P& &
UK OEEMEEAETWOERKRICBNT, P hD
Mg (K IR A 3 & O B IR P S B3 P o Ca 2
JEIC & - Tl s 2 AR I RET Lt & 2 A,
Mg WiiZ CaiBED B E B LAER T BT
(Tablel9). T7bbH, b= D Ca & Mg OWILIZHHE
HAEPL T <, Mg @ Ca WIIZ 3 2 fE « TH:(E
HATHBEMR-T. 50T, K ORI, @I
HE Mg MIFAET B FHIE T D Ca REDBEITEA L
FRWIEMHBH L, 378bb, b MEHIBLT
WO CalBE I Mg BLU K ORILITIZ LA EE
WABZ IO, Mg DWGiEERA28Z 2 b2 O
Ca W335 L <Ml & h, Ko Mg iR AR
i3 Ca OWRINPLEEEIC L > TR 5 RSN, —
H, B o KAKERERSE 150ppm (SCHWARZ,
1968) LxhTBH, ZOFRED KREEIX Ca OWIN
FERN R G v st s, N, PBXUO K HERE%
HET2AREE TR KITE S Ca WIIIHNZ 80 &
My U 7z,

N, PBXUK BENHBD T, Mg #EMH
20~ 40ppm Tdh % K5 # W % CaClZ AT EC % 10
@S*m) FTHEOTHEELLEZA, BEMICEL

BN R DT 3 EAH 5 72 (Table 19). —fk D%
WHETECZ2EH 5L, K, Mg BXU CaiBENI
BIRIZ LA, BC:5 TlREkKEWETH 508, EC:6
WAL EEMoOFCRIEIERET S Gk,
2000). Zh &b, ErEKEE (EC) o kFICLs bw

FD CaRZIEKZA MLV ZITKZbDOTIHEL, HER
oo K & Mg R FAIC & 3 Ca WILBHLERRETH 5
CEAHIL, HROPUBHIRER; (kO s & Bk
MEETE I, $H0bDL, KT KIBEAKR
B, Mg %A@ IR (20~40ppm) ICHEFFL, Ca %
O THEIER ECHICHERFT 5 &~ MAEh RO SA
I, £, N, PRBLXUCKBEEMKRO TEL, Mg
B JE DS IEREPHIC & 5 Br 48k % CaClLz VT EC % 10
S+ m") FTHEHDIUMX T, BE IR, &
AR D FEFEHE L - T,

M= b SWIFFEIZ DWW TG L. 31b b,
R Ca, Mg BLUK, P OREEREN LiRFT
BEMTFT, WHGL%O b= MCBEEON &S %
WMHIHT 2 &, BEE»S S 22RBIN L 72 LEEX,
BRI O S B IRE D TIROLLE X IZB 0T, SO
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Jiti R S U TEIRRZ & RE R As8lh, S O
AL b MUEEFERAILZH EAHHL K
(Table 15, 16). =T, WHHLI%OD b < MEfkAIE
WK B RSB O SIKBERRERDICE D
A A0ppm FETH D, B o SIEEMN Z o BEkE
ERMTHEE M MEFTIRFLIEN, HEZISC

xSz U (Tablel?, 18). Thi kb, F< b
DS b7 vAKR=5— (LopEz5, 1996 ; 2000) %, S
IR FChie U, RIS b5 v AR —5 —
MR MRS 2 & DD EIITHRD TY R EEE S
N5, 37bb S OENHIENEET 2 D IERRK D
AR R A 40ppm YLD S ISIEMRLEEIETSH 5.

Yk, FEERERICMET 5 b b oRIGEEE, i
FH R He] U 72 AR Rt 8 IO AT E CTREARIR AP S Hiked TR
BEE TN ELEER (N, PBXUK) &, HEHR
DO KIBE E TRINATRET H 5 45, BIHIEEELLT X5
KTREAERICH L cARRIMFCELVER
(S) BIMKESE E TRWIARRT, »HOREMEEREL
T ORAER TR RIS U7 ERRESHfF T E S L
B (Cab LU Mg) ¥ sNTz. £, MALFEE
ICBWTN, PEXUKZ2EBHAVETSIHT S &,
P FPOABFREOALETZERICLDHIESN, N,
PBXUKORZIERIZIZLEALEL, RHERBIES D
WEBHMERED SN, Zh S DR RIZTEN O
(SCHWARZ, 1968) &M78 0 75 -7z,

THbb, b MAKEHCED N 2 S 5 &8
FRPICET 5 N OKRERRAIZS S, SCHWARZ
(1968) »sicifk U7z N KB A (45ppm) LIT O K54
BWIZBNT b MEKEE N BRI OBELEL S,
SCHWARZ (1968) 1 P DKL A % 30ppm & L 723,
PE2HAOMMAITNE, EFEAEKRARBENIZED PIK
BERRIITB VLT, N & K 3o TRIBEOREE
TWRIREN, HHEHT AN EKahaRiliahss
HEEHEL, PRIEGAETOHMR (FE#) &HETiEA
V., F7o, K ORBERRAEZ 150ppm & Lichs, b
MEGRBEC K 2@ OS2 & P2 N HEEE, H&Edh
KK OBEMRIELEL b MREFIESBL, KK
BEERAIERED st -,

— 7}, ScHwARz (1968) (I Ca o K& ¥ KR %
100ppm & U7zhs, K Tid 20ppm & HIHH U S R
RIIEEATEBILETH - 7 (Tablel9). SCHWARZ
(1968) @ Mg ) i £ FPH 2 20~T5ppm & L7z, <
OMEIEAMBREB I 2 b= O Mg @ 1E i B
20~40ppm EFHAMKE R TH - 7. Scuwarz (1968) o

S KB IR B 50ppm, ARKEBO M b EhiZ
40ppm &HBHL 72,

N2 N O EEIESEE QWU R, BRI E X
LR D TR U < 278 5 SRS T IR HRE &
e, LAaL, BHIFICEO T ERE R o WU
PIZBA L, a2 mFERIc SRR S ish - 7o,
72, b= bTHE SN N OWRIUERE & R E R TE I,
A ZER < A BRI O - 7oA Tt B O THBLOKS
REBTnsd, KRTHoh b< boREEE (N,
P, K, Mg, CaBXUS) EHFEOWIFEEE, Vv VF
oy, F299) bHUOKREEETED RER),
F AR S B AREE B A B,

2 BERCEMEZRIN-P-KOEBENENLT
MEREBERSIGEDRRE

a HERTHOEZERICIN P - KDEENE

v MERBEERHITEORR

B Ca, Mg 8K US OKMERIER R A #ER L
ToREEIZ B V0T, LAL: 3 @ b < MEKEE D IUHEL]LL
BON P KORINAEEZ10:1:10 EMEL, {HiE
WM ODN, PBXUKD3HPOWIRES 2 513
ZhZh 1,500, 150, 1,500mg, 4 5 1,600, 160
1,600mg EHEFE U7z, & OWILE ) &} 8 P i
T5N, PBXOK&EEBREL T3 HPICHMHT 2 N,
PBXUOKEELK 2, 454123 AP0 N iR
1730 %% 3H 1 B omaMEIC TS 5 &3k 3
Hwichif+2 P EK&EE3HS, 10, 17, 24 HD 4
ENZA T THEA L & 2 A, B o fkisg 2 <k
N, &4 TN, PBLXUKOEHEE#ED, N, P
BXUOK oEHIKM L (Table2l, 22). LU»
LE 5, 10a ¥724ER N, P, K 2 h<Th 90kg,
9kg, 90kg EHMiFN~PH T2 b= boa Yy 7T -l
BEF &R U, BRERIR 1T L2 h S ofi il &% 1 (0]
BIETHZ&ICk-T, WEPHEEEKET &L,
N, PBXUK ot Zzh £ kg 10a fEE TK
RS UEENETH 5.

BB (1997) &, b= b OB I MERAE % ke 9
B EERIEPO N, P LUK IEWIC X O 2|
ahs &L, LhL, FiglHPoON, PELXUKOD
B 1 ERENETEINEINS Efho 2 BROTIUIE L
CHIHIEN BN, PBLUK OWIUEMED S, [HE
(1997) DS 13 M A5 1k I D K538 W Hh IS FEA A8 IR 5
BURTN P KWEFLIcEHEESNS., THbb,
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2, 4 SHEDRARE T HEETIESHT Loy, 2 5T
K %% 3ppm, N & 15ppm ®E L, 4 5413 P 2% 3ppm,
K i3 19ppm OEHZ#D, N, PEXUKEHFhn
1 EHEMFIF LB SN S LKA T H % Dt
D 2FEWHRIFIZFEAEWINE N D -7 (Table 21, 22).
BERT 1 » Ao 2 H 28 Hx o 7 HIEME T &R
ZAWSH, N, BXOKiHEE 4 [ ELR L«
B 3 & 5 OKNRIER SR, 3H2THICES
EHFBREON, PEXUK 3 4ppm U FTH D 2 28
HICHAE L7853 O N, PB LUK i3 b= MaK
B0 EBWNENTO . 3B LUS ML
1 » HEITEA Y72 121 N @ 1,100mg, P : 120mg,
K :1,100mg ZWIN L7z, 78bb, HEKT 30 O]
W5 A ORERIKOSHAEREEBICN, PBIUOK
ZhZh oA R 4 EIE « HE - i 5
Lk, ERVESHIEEBOI b MREFOK TR
PEHIT, FEIERER (N, PBXUK) MHEREORK
Wk AP U7z (Table21, 22). UL L7AAS, KisE
WA AW, Zhic#koS< N, PBXUKfiHREOE
EAEARRIRD S Z &L, HREMO) %
BT AEBREHLETH S, —H, AhkLhE, £k
Vgt EREOREZIN, »ON, PEXUKOD
HEEHA R 100% T, fidshic N, PB XU K ofEiio
7 k= b 40t 10a lLD (R, 2003) D EBREICEE L
WA EETH 5.

b HERICN-P-KEZOGEWERERE M b

BERHEEORRE

REERAL T TH 2 EIEHZ b2 MRESARETDH
5%F#E (Mg, CaBXUS) (3, RIHEHELZBEITEE
D EC FHZ & 0 iREIT 2 R OREEMEEZRA L
Tt T BV BB U 72 A e S A v BB THEARIE A S HiRed T
IR £ TRINATREZZER (N, PBLXUK &, ~v
EARTEE D SE RS & SR T & A« M IEd B
EHATO HEENNT, b MEKEEOIEmEL &b d
WCEREE 2 SR B, DU O R38R N, P
BIEKEEDZWREZIL « 1GERTAE AR L % B
U7,

AAREREE, b MOIEELI% N (P K 2 —ED
HRTHRING 2 KERFEEZEHL, N, PBXUKHE
F% b= P ORIERICE S UT, eI hol s 8k
WA HER 9 2 X O M H O & % k3 2 &Ry
ML Z R Ue, (AT S A ROl S B T ©
HOERKDOECH3 (dS-m™) UTFThsE CHit,

2000), H#EKPIZN, PBXUOK ORI, Ak
Frikid, N, PBXUKOEEZIES 100%6TH D, 3K
Frh T ORRIR A S AE T, FRROWmiLsd - T
bHiRANN, PEIUK Ol NE M E -
(Table 26).

BEFBHIG 1 - H#%, S, Mg 8 LU Ca iRGHIED
WA IZ B 0T CaSOFLBEMRD Shicd T, S EK.SO,
ZHAOVTN, PBICKEEORHKIEA Uil E
EEMOHH L, MgSO,%& MgCLIZZEZ TIRRER O
Ca & Mg [FIRIEHIE 2Rk Lic. = DFER CLidhrs#
W OFERAZME L 7oA, 300 HEZIZH W T 300ppm &
CLO & E R A 600ppm (SCHWARZ, 1968) X5 D,
% 72 NaCl 258 MA 5 b < b mbi R o
fE1E, b= POIMENER ELSHM T 5 &, CaCl&
MgCLOFIH & vl hE & Wi U 7c.

7T H 15 HIZTB 1 2 3Bl 2~5 ORI TR R T,
PERENMEI N EKBDLDITMLTHEINEE L., £2
T8HIHMSN PIKEHFEEZ10:1.1:11, 10:1.2:
12, 10:1.3: 13 DMK 2 FE LR Ak Lic &
A, 10 H 15 H ORIk R <id, NP K Hh#
10: 1111 XTRPOEFAMS, NEKF10:1:
10 EEBEEE LA, 10:1.2: 128K 10:1.3: 131
BT, NERHEODITNLTH > 72h, P 1.6ppm,
KiZ33ppm &N LRI LPPHVWREEEZRLL, £
T, 3~5 T 1L H2 ST 2 NPT Ko
H#EA210:1.2: 111K Z . &5, N, PBLUK
ML RBIEO R ITB T 5 Ca & Mg OREHUEM
O RN #E R ACEIIT L (Table 19), 11 HLI# i3 MgSO,
ZHSEMgEaNoEznTh 1717, 1722 i3
ZRMBMIZY ORI, Lich-T, 11 Hh5o
3~5 SR D EC HIHIE CaCLEK 2 W TER L 7z,

FARBICN, PBXUKEROG WL b= MR A
LT 2N 27 LoW&K % Fig.1iZ, ZO®REL
TORREE ¥ 2T LTV B L E 2 O #LE % Table 27 12
mLre.

Ky AT L3 —ROBRMEE Y AT L (XS
1997) T, BRBEEFEGIE S < —, w'mA L7, JEEHE
Wy v &MU, ¥ 27 LOBEHERUTOFIHE
TAT9.

OFK S 7 LRI OREIK EC % 0.7~1 % THl
arge s B o R C (CaCl, » 6H,0, MgSO;
TH.0) Z#&fi L, EC HIEEN SRR S » 7 ICANh 5.

@fkr v 27 4 (EC HlHH) #BEHIKE LEKY » 7
EREE DR R EC 2 EEHEHK C ZHW 0.7~1.0 %
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distribution ——3» Hydroponic culture bed
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11
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<€— Solution return
Solenoid ~ Water
bulb meter T ;
apwater Timer
(—
EC controller
Pump
-+:| Waten; -_|
il leve!
sensor

EC sensor

Nutrient solution tank

Ca (Mg, S) N, P, K, Mg, S

Fig.1 System of tomato hydroponic cultivation to ensure that no
N ¢ P « K manure elements remain in the culture solution.

Table 27. Mineral content and composition of the liquid fertilizer (solutions A, B and C).

in 20 £ of solution in 60 £ of solution Mineral
KNO; NH.NO; | (NH,):HPO, | MgS0,*TH.0 CaCl, MgSO, content
Quantity of salts 2019g 923g 397.2g 315.3g * 6H.0 « THO | of solution
N 13.99” 16.16 3.65 33.8 mg/cc
P 4.05 4.05mg/cc
Solution A K 38.97 38.9 mg/cc
S 2.04 2.0dmg/cc
Mg 1.54 1.54mg/cc
Quantity of salts 9.120kg
Solution B Ca 27.7 27.7T mg/cc
Quantity of salts 2.255kg 4.255kg
Mg 7.00 7.00mg/cc
Solution C Ca 6.92 6.92mg/cc
S 9.27 9.2Tmg/cc

1) mg/cc

IZHIEIL, Ca, Mg BXUS OKEERN A2
@pH HEFAZZ 1 8 119 30 3 LB = 2,
Ca(OH), & H.SO. % MWKk pH % 5 £ 5.
@IEFHFK A #HEL, EDOEERKSY v 7 1cv
ns.

®F A EEHAEN O W & Bk, HiKY720 5mg ©
FERENEHBHINS X5 PERERK A 283 2 &
B Y T RER % T 5.

®IEEHE K C O 5E T8, IERHERK B #HEL EC
T S ERE K Y 7 I ANEEIRO EC EHEITH WS,
OV RATLEMWS &, REK C AT o

ErA8# D EC 13 Ca, Mg, SE XU Cl OEEERT.
JEEHEHE B O E 2 &, Ca 13 BT % fir
IZEC TEBEN S, be FOBRINEHRISGRHESQN,
P, K, Mg B8& 'S 2GR A 281K O 5t 41
et g2mHEsHOTHEET2E, N, PRBLU
K o it i & & W B A3 U b < MMER O L E R
flah, zhictE Mg . S oRINE (=) &
THEOBMICHBEShTEY, BERTO Mg &S
MEIRE LTS 5. $hbbh, HERON, P
KUK OB IEE <, Mg, SOREEEERREILD
59, CalfFR3BHECICED Ty —ShBHER
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Ky 2T LTRIEERRR D SRS 5.

NI AR TIE, HFH O EEEEES M < POAH -
WD HRERTH 2 (Tablel,3). FTHbbH,
ScHWARz (1968) D/R L 7c & BEROKEER A b <
MEBEREET S, —F, HTFHN, PBXUKRIC
X0, HEEER (LAD 28 3 1IHIfH S h iAo I
Hi, LAL: 31N T 2 A MREICK D XAilSh LAT :
4 OfERTEEE I LA (Table 20, 23). N, PB &
UK IEEREAROHE LAl 2412955513, &5
NS TE 5. 4 bDb, LAIB3LUEOEE
3m bM< MEAKBHIZB LTI, HFEBEREIC I S5NhD
DU FERA&AED LALIC & O INEKEESRE SN S,

LAI:3TH-Td, N:P:Kd10:1.3: 13 lBkt%
2 HFE$ 10 0 1.2 0 11 ERhc U 0 B 2 M U 7ok
M5, BLUP &K THXOPHA 1 ORI, N:P:
K HA#A310 0 10 10 Ik 2Rk U 72 3R E50 2 & 1
LN THEMZ., b, P FOPPKOD
W IEE UVEKIRE T H 5 Sz fafH (MAATHUIS S
1993) MH b, Thariic S s SAEEREEO T
FETL, EAREEPPEPT b0 EHESNS.
ARE L &2 OIUERARH T P & K BREEOIURIT K
T REERTY, HEFONREREERTIEZL., 7
mhb, EERBEOIGEKEET LA RRE U ESEmRE O
) ICk-TkES, L LERS, P &K MERIEK
KHETEZBREDO NP K LROJEEEH NS Z &
B EHE PER LI R S S B

—J7, AR THREENS P MTBVWT, N, Pk
F O K mE R EE AL, EC 83 UL Fodk
BT, HEZANRBEMMES &L, oK
WENBERLICED GRIRS, 1981 MiFE, 2000),
FOREARTEON R KB L, WHE K T2 Gk,
2001a).

N MEEREE, MOLEEFES, N, Pd 30K
EUOBRTOBAMMAT 2 &, EHFRROAET 5 ERIC
L0HlHEN, N, PEBLXUOKORZIERIZIZEALE
72 (Fig.2), EEHESEDL S TRERTHEZDZ
% (Table 24, 25). 7%, MUBHEIK A %@ %Nt
AULEa (EC:5UT) B—HOoBRBEETHO
CAAS, 1997, MFHEK C Z@FIHif+T2 & b=
M EHE R ICED B, COBAIZ L PN EC 1L
THDERBNREFEDILNT ENAREEEOIETH
% (Table19). ¥ 75b b, ‘EHIEZH O TR #ERS
@ Mg 2 % 20~40ppm (2l L, CaClZ i ks
WD EC ZBRLEFTh< FOKGA ML ZEHET S

TFEEMOS &, EEMOGEHE bM< ML TH
% (Fig.3).

EATEO I B AEE (LAL: 3) ZffET 5 N
HHEEN, P, K, Mgk XU'S oRMHIEIC X -
THEE SN b= ME, AFHRE CGER, FXIEH, I
HER R LPEMRER (1 RHE, BAER, Rl
DREL, INHERERED 1T K& LSRN, 5 72 (Table
24). 31 bH, N, PEBXUK EZ/NF v ZXELHHIE
M 5E, BEETICN, PELXUOKEBENELS &b
fEAHEE D Az B P PR AR E R 1T DWW T, N s
P EKBR) LoERIFLALMOLEMTS
9. F£7, HWAEERO N BRHEE N, P, K,
Mg & L O S BIHIEFE O 2RI 5B UNTH b, ¥
WO RFEANDILFILHRIT I ERE LMD - 72 (Table 25).
—7J5, B 2~50N, P, K, Mg B XS £yl
BEOMREIR, BHEEH 1 o N S0HIERE: & ik L
ShcEL, N, P, K, Mg XU S &M HHE 12
MOAF RSB TREEEEMTE 5. WE N IRE
DRI THEF T 2 & N S EE& & ik LRE
Mg E bicnd 5. BEERTON, PEXUK DR
FEME O & N KBS & L, &S IcRopER
EPEEEZEERET S, T78bb, N, PBLUK
PR IS I8 OB A 0 51213, IERDFERR & © AR
DRENEEFRELEET 5.

REOHIMIZ Ca itk 2@ EC KIZHEEFICRED SN
(Table 19), Wi Ca SIKEREN, P B XU K #HH I
EDICHRBEOIMEIEE L, SRR LK DRI FF
HU, BEBOmMmAS « GRERETICH > THHEN
RogEzm iR, 28, Mg » 20~40ppm, S
73 50~100ppm FEEE EHEE S 2K ICEB VLT, EC:
1 O HEHEKD Ca BEX 2 S EC 10 O &g £ TIE
Whly s = MREOHIMAZED 72, KX ML ZRUS D
CalREITXd 5 b= MRS EIKBEN, PBXIUK
g AAREUSE, SR LSRG TH 5.

Table 27 12/ U7z b= MREF AR A & B OEURkIC
M7 v, JBkHC 13, MgSO, « TH.O % 4.255kg #
m U7z 30 € DR #EWHE, CaCl, » 6H.0 % 2.255kg ¥
MU 30 L ORBREREZTNZENHAEL, AbET
60 ¢ DEFHEEK C #1E 5. K&t h o MgSO, « TH.O
® CaCl, » 6H,O0 D#E % FiF 5 & CaSOMIEK & hik
BT 5. i, RIMCRET 2 L CaSOMEKI N %
O TR & 5,

N b ORI ERCEY 50 B IR R ORI B
5 WA OFRIETE S 5 W EERT VA ) NOBATRIIEE,
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Fig. 2-1 Tomatoes cultivated in solutions that had no remaining manure elements
N, P and K in the culture solution (N : P : K, 10 : 1 : 10 and Plant height
2.5m, LAT 2.7, 2003/6/19).

Fig. 2-2 Tomatoes cultivated in solutions that had no remaining manure elements
N, P and K in the culture solution (N : P : K, 10 : 1.2 : 11 and Plant height
3.0m, LAT 3.3, 2003/12/15).
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Fig. 3 Tomatoes cultured by the method of daily quantitative regulation of NPK and the culture solution
in which the concentration of Mg was 20 ppm (left) or 40 ppm (right), and in which the EC was
changed by using a CaCl. solution from 1 to 10 dS*m '(2003/12/8)

FERMHBIO NHNO;® —# % NaNO; & 5 ik HNO;
CEZTHIET 5. EEZERORRZHH L, pH HIH
IZPES BB L T V71 ) DEFERIR AN DA %W L 7oA
FeRrk3, AR 7D BRI E 8 0 2 WV B SRR O
s {1 AERFEE WRETH 5.

Ky 2T LEBHEIL, Oy 77— VRS
WK v A7 LA BRI YETE U, E R 0 I
LAI 2451521 NPKMgS Ikt (IEkH A) & Ca fkE (IR
BEB) ARG U H i 3 2 & s S O BERICH
K9 B MRS O HEH o W 75 Hl & BN, S E AL
Dt TE 5.

BRI A & B B8 X OHIIE (2001b) ASBHFE L 7o %
BEEMOT, N, PBXOKEEMNZOL b< MEREK
BroFEE2/mE LN EN T 5 &, fisk b1
pE# (N, P, K, Mg, S, Ca) O MR/ THE
KSRy S 4, R REE O ZE RS A IF 8 1 il S iz b
< FREZIENESAEETH 5 (HHRAER). ikt
BT BB EFR B O R rTRE 7S b = MIREE AL D
KHIETH 5.

—%, N, PBXUKOEEBEO M~ bERRE

DOFEIE, FFHBRKTIT & B FEH L S T D RE AR IRk
ALEARTT IS RTRE T, R DB F L & Holg LILEDK
A2 FITVEMIR O RSB S A KIR I S 32 &2
T3 (MARFER). 7, SEREEZROHES
Bagi HERE: GigE, 2001b) Z4TZ1E, BEEMOE
PN URSRRIEARIRAL & & & 1T EREE R o fii ik T 3R
DI R AL X O MR T OERI N T v AR
nETH 5.

B, REWRERG 2MEWICHT 2720y, Qb
< b OB EBHE TR O WU M D EMIIC 3 W T
T 5 EM, Ca, Mg B LU S QR b ORISR
RO BMbofEHTIZED X 5 1T LdT 2 1O fiEl]
DHETHY. QB O EFHERITLE S FEIR R
DORIERDEB ST O bl 5. £72, N,
PBEXUKOHSEHMEOHEIZE L, @Xpidn
HEEFET 2R () 1220 TRORA I IF#E 72
EHRKEO T ALETH D, @MLK Ced o
V) FAETREET A1EWE, N, PBEXUKOHS
P B B3 B IRERBA R AL T H 5.

MR Asnl e s L HHTIGMA L, N, PBXUK
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EROBEMNE L, Ca, Mg B LU S ERDHEIEKY
B D HERF DV 0] RE 78 il A L IEEREE I U W B SRS & N
FAH72HIciE, ®N, P, K, Ca, Mg B8 LU ST+
5t o#IER EARE (EY, 2002) B X OKEHKM
DHIELR DR AERSh LS.

vV 8 =

1 Ca, Mg, SBXIU K »HREAEREL LI 55;
#HIREHW, b= MIN:10mg & P:0.125~4mg %
MHMEHT 2 &, NEHLZOMKE, N PoafFkk
K101 THDEN &P EMIKREE TRILL 72,
Ca, Mg, SBIU K WHMERED LIRGFT 2R 8K %
A, 42 NP 2>10 Th % & P D&,
ZOHERN<I0THS ENORIARN < MEFRE
U7z,

2) Ca, Mg, SBXUP WIHERBIEL LiEFd 585
FKAEH, F< MIN:10mg & K :0.75~24mg %
MHRHT 2 &, WHENLUZOMEK, N KafFhR
7M1:06THsENEKEMIKEEE THRIL 72,
Ca, Mg, S &I P MWAMERED AT 2H8#KE
A, M35 N/K2n>1ThsEK O,
ZOWHEN<ITHSENOORIHRERN < MEBRE
AR L7,

3) Mg, S, K& P MAMERED TS 5H3#
#WEMD, F< MIN:10mg & Ca: 0.1~3.2mg %%
Hitif 3 2 &, LI OMAIE, FA8KIC Ca
F3aicbhhbod Ca RZERERL, RFEAES
FORENEE LD, bv MEEHERE Ca OfifRIC
WUtz - 7z,

INFEILL B D b <= MBS IE S 128E TR 78 Kr =i

@ Ca (KRR IE, BN 20ppm, %M 10ppm &
ZEHIC X O RITY, b MKBIEER T O Ca BN
COMEEERHTE LI HEs N,
4) Ca, S, KBIUP WAEERBEY LIRFT 2H#
#HwAEMY, F< MIN:10mg & Mg : 0.15mg~4.8mg
EHHMMT 2 &, B % oMKk, BRKIC Mg
MIEAETBIZE b od Mg RZERERL, +<
MEHRIT Mg OMH I U s» - 7.

INFEIII % D b < MMEAR DS IER 1K E T fe 75 By i
D Mg (REER AL, BED 20ppm, F€ED 10ppm &
FEHICXDEILY, b MBEEERTO Mg BE
M OBMREARNTELIHESIN, i, BEEK
oD Mg #EH 50ppm LI ETH % & Ca WILHPHHE &

n, FEERTO Mg BEiRERROLEAENRRE NI
5 N, PBIUK »d TKBEORERIZBNLT
F< F® Ca & Mg WINDFEH/EM EHEF L&k 25,
Mg & K O Ca DIREEICIZ LA ERBEI NS -
7. bbb, Cak Mg b s Wit K OWINITMAHEED
T, CalRUizxd 2 Mg 503 K ofldE - +
WIEHTH B 2 LR - 72,

F72, Mg &% 20ppm & % Wit 40ppm, N, P B
S U KBEEP RS TROEFRK % CaCl, Z LV TEC !
WETHED M MR LLEZ A, BEHICEIE
NROBE N -7z, THbE, EC EAICKS bT
FD CaRZ1E, KA ML RLB CaBINPHEL b, #
BRPO Mg 50 iE KIBED EFITLS Ca WL
HNRTH B Z EAHIF L.

6) HA&iIZ Ca, Mg, K B XU P 2 uERAEL 1A
254041 T, EHLUEZD F< MIN9Img &S
0.34~189mg M HIEMN T 5 &, BEEHRN,S S =42E
WY U 7o UER X & BRI S ASERE L 7o MBI Xz B b
T b= MEEIE S KZAERZR L, S iR L
TERRKZ EIREREPBN, SHHARE < MURE
EHHI LS5 7z,

ICHEILI#S ™ = MEARDSIES IS E Bl fE R Bk o
S KRR R L 40ppm FiETH 5. BEERBO S B
M OMERERMTH S E < MEFIZEL BN,
flLsE s,

T FERERICET S b b oBIEEE, K
HITHHI U 7 AR RS AR o] BB TRERIR A S MUKIR L &
TWINA[RER R (N, PBXUK) &, REEED S
IRHLRE & CWINATRET & % A%, BIMEIRELIT O T
EHE AR U AEERIIFTEROER ) B
K OMRIEEEE & TRWIARET, D OBERELIT oK%
WCERA RIS L ERERIfFTE R OER
(Ca & Mg) sz, 7z, MEKIZBOTN
Phrsr03KEBHIRERTOMiIMT 2L, b bk
BlERkbARTI2ERICLOHHSH, N, PEBIUK
DRZIEIRIZIZ EA EBD SNIE D - T,

8) b MEREHET 30 HAiA SEEI O T H R 4 [
DTSR ZHBEICTN, P B XK Oti &% 4 [l1&
IEL, BHHT 2 FikERHT 2 &, ERDESE
ERHOI M MR TIFORERD» S5 N, PBXUK
EAWNAHET Ca, Mg BLXUSOEARELENT
b5, Lhrd, EFRVESEERAFOREZIN, »o
N, P BXUK OEERhEHEN 100% DEBREICE LV ~ =
MRS S RETH 5.
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9) HFIKICN, PBIUCK OEEMNE L < MG

BB U T o HEIc k5. ORI ORE
MEEU T TH B LIEHE b~ MEBTNARE L ER
(Mg, CaBLUS) ITxtind 272, $HD Mg :Ca:
SEFHFRIHELLZERCEZHET S, JEHCEM
WEFERIR BC % 0.7~1.0 12 B, BEHEOIKEERA %
it UroaRHAT b < M2 ERT 2. QUIUEEIRLI# T
BRI E R A —E DR TRING 5 b~ bOAEEREE
WAL, N, P, K, MgB&LUSHEFEE M~ bR
WA Uk A 2 BT 2. L& BRI R 72
PRBESE TR & TR BB A Ot A L, RIE
HIRIC X 0 EHRKIHT 5. @RF#IK® EC 3, Ca Lkt
B & MO BSREE 2150, EC G L IS HE%
M3, @ Ca(OH), EH.SO, % Ml © pH % 1
H 1M, 5~6I1C#%d 5.
10) 10a Y7z 0 3.5~4 Tk % EHH L TRIZHE MR
U, MEABEEERRE 2064 BRI 75 K IS HERF U, A1
Wt b 80 DRERIKED EC % 1~3 1T TIE, N, Pk &
UK O NUEHR) A 100% O BREE 128 L <, AERIIN &
25~30t DRE « ZI k< MERERESKLT 5. T8
bbH, TN SR T ETORERTIZN, PBXUV
KM OKEKLTORE) ML, Bl Fig
MH-THN, PBLUOK ORI, i, Kk
B S E Mg BERLELEBEOKREER IS,
FEERIBHRHA SNKZ T 5 Z SIFAEE L, Biag
TR PR BRI S AETH 5.

Ca R VTR O BC 2 &K WZEL, b= b
DIKGADMNVRZREWTGT 2 FEEHC S & @MEE
(Brix 8) M= MEIELWEETH 5.
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Liquid Cultivation of Tomato Plants by Daily Control of Fertilizer
Application in which There Are no N/P/K Residues in the Culture
Solution and the Area of the Leaf Groups Is Used as an Indicator

Norio Hosor and Tatsuo Hosono

Summary

1) When N: 10 mg and P: 0.125 - 4 mg were applied daily to tomato plants using a culture solution
containing Ca, Mg, S and K in more than the standard concentrations, each plant after harvesting
time absorbed N and P to extremely lower concentrations when the N: P ratio was 10:1. When a
culture solution containing Ca, Mg, S and K in more than the standard concentrations was applied,
the amount of P applied was rate-determining to the growth of tomato when N/P was > 10, and the
amount of N applied was rate-determining when it was <10.

2) When N: 10 mg and K: 0.75 - 24mg were applied daily to tomato plants using a culture solution
containing more than the standard concentrations of Ca, Mg, S and P, individual plants after
harvesting time absorbed N and K to extremely lower concentrations when the N: K ratio was 1:06.
When a culture solution containing Ca, Mg, S and P in more than the standard concentrations was
applied, the amount of K applied was rate-determining to the growth of tomato when N/K was > 1,
and the amount of N applied was rate-determining when it was < 1.

3) When N: 10 mg and Ca: 0.1 - 3.2mg were applied daily to tomato plants using a culture solution
containing Mg, S, K and P in more than the standard concentrations, individual plants after
harvesting time showed symptoms of Ca deficiency, even though Ca was present in the culture
solution. Moreover, the production of fruit and growth was abnormal and the growth of plants was
not parallel to the amount of Ca applied. The lowest threshold value of Ca in the culture solution in
which tomatoes could grow normally after harvesting time was different by season, being 20 ppm
during mild periods and 10 ppm during cold periods, and the growth of tomato plants was
considerably inhibited in the culture solution containing Ca in a concentration less than the
threshold value.

4) When N: 10 mg and Mg: 0.15-4.8mg were applied daily to tomato plants using a culture
solution containing Ca, S, K and P in more than the standard concentrations, individual plants
showed symptoms of Mg deficiency and the growth of plants was not parallel to the amount of Mg
applied, even though Mg was present in the solution. The lowest threshold value of Mg in a culture
solution in which tomato plants could grow normally after harvesting time was different depending
on the season, being 20 ppm during mild periods and 10 ppm during cold ones, and the growth of

plants was inhibited considerably in a culture solution containing Mg less than the threshold value.
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When the concentration of Mg in a culture solution was more than 50 ppm, the absorption of Ca was
inhibited, showing possible presence of the highest limit of concentration of Mg in a culture solution.

5) Competitive absorption of Ca and Mg by tomato plants in a culture solution containing N, P
and K in extremely lower concentrations was examined. As a result, the absorption of Mg and K
were hardly affected by the concentration of Ca. It was shown that the absorption of Ca, Mg and K
were not competitive with one another, but that there was inhibition/interference action by Mg or
K to Ca absorption.

When tomato plants were cultured in a solution containing Mg in 20 or 40 ppm and N, P, and K in
extremely lower concentrations and the EC value was elevated to 10 with CaCl,, no occurrence of
shiri-gusare fruits (fruits rotten in the rear) was observed, even in mid-summer. It was recognized
that the Ca deficiency of tomato plants by the increase of EC was caused by the inhibition of Ca
absorption due to the increase of Mg or K in the culture solutions rather than by the inhibition of
Ca absorption due to water stress.

6) When N: 9mg and S: 0.34 - 18.9mg were applied daily to tomato plants after harvesting time
under the condition that Ca/Mg and K/P were present in more than standard concentrations in the
culture solution, individual plants showed symptoms of S deficiency in the plot where S was absorbed
completely and also in the plot where S remained in the culture solution. The S deficiency and
abnormal growth were observed to be gradually in inverse proportion to the amount of S applied,
and the amount of S applied was not proportional to the yield of tomato fruit.

The lowest threshold concentration of S in the culture solution enabling tomato plant to grow
normally after harvesting time was about 40 ppm. When the concentration of S in a culture solution
was lower than the threshold value, the growth of tomato plant was retarded considerably and
inhibited.

7) The absorption characteristics of tomato plants for major fertilizer elements may be
summarized as follows.

N/P/K: Growth proportional to the amount applied is expectable and they are absorbable to
extremely lower concentrations from the culture solution.

S: Absorbable to extremely lower concentrations from the culture solution, but growth
proportional to the amount applied is not expectable for a culture solution containing the element at
less than the threshold value.

Ca/Mg: Not absorbable to lower concentrations, and growth proportional to the amount applied
is not expectable for a culture solution containing less than the threshold values of these elements.

When small amounts of N, P and K were applied daily to individual plants, the growth was
controlled by the element lacking most, and symptoms for N, P and K deficiency were scarcely
observed.

8) The amounts of N, P and K were regulated on the basis of analyses of the culture solution 4
times at 7-day intervals from 30 days before the end of cultivation, and the regulated amounts were
applied daily. Under the above conditions, the whole amount of N/P/K was absorbable from the
culture solution wasted after the end of cultivation in the Application Method of Nitrogen
Distributed in Small Portions (the NDSP Method), and scarce amounts of Ca/Mg/S remained in the

culture solution. Moreover, liquid cultivation of tomato plants that is friendly to the environment
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with 100% fertilizing efficiency for N/P/K, equivalent to the NDSP Method, was attainable.

9) Yearly liquid-circulating cultivation of tomato plants without residual N/P/K in the culture
solution can be accomplished by the following methods.

(1) Prepare Fertilizer C with Mg/Ca/S content in compliance with those in the fruit because
normal growth of tomato plants is not attainable if the concentrations of these elements in the
culture solution are less than the threshold values. In order to attain the lowest threshold value of
each element, tomato seedlings are planted in cultivation cells containing Fertilizer C with EC values
raised to 0.7-1.0. (2) Prepare Fertilizer A in which the N/P/K/Mg/S elements are combined in
compliance with the absorption ratio by tomato plants, utilizing the growth characteristics of
tomato plants, which absorb the major elements of fertilizers in a definite ratio after harvesting
time. Regulate the amount of Fertilizer A applied daily, making use of the area of the leaf groups
in individual plants most suitable to photosynthesis as an indicator, and apply it daily in accordance
with the Quantity-control Method. (3) Regulate the EC value of the culture solution with Ca
Fertilizer B by the use of an EC meter and making use of the sugar degree (Brix) of the fruit as an
indicator. (4) Regulate the pH of the culture solution to 5 - 6 once a day with Ca(OH), and H.SO..

10) Liquid cultivation of tomato plants that is friendly to the environment, with 100% fertilizing
efficiency for N/P/K and high productivity yielding 25 - 30t of good tomato fruits yearly, can be
accomplished if 3500-4000 plants are planted per 10a to secure the number of fruits, if the area of the
leaf groups in individual plants is kept at a level suitable to photosynthesis, and an EC value of 8 LL
of culture solution per individual plant is maintained at 1-3. Thus, there is no residual N/P/K in
the culture solution (less than in tap water) from planting to the end of cultivation, and there is no
drainage of N/P/K in incidence of overflow of the culture solution. Moreover, the concentrations of
S and Mg in the culture solution are stable, excess accumulation of residues is not present, the major
elements are applied daily without causing deficiency throughout the year, and analysis and
exchange of the culture solution are not required throughout the year.

The cultivation of tomato plants with a high sugar degree (Brix 8) is attainable if the EC value of

the culture solution is altered with Ca fertilizer and the water stress of tomato plants is controlled.



