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COUNTRY PRODUCTION AREA COUNTRY PRODUCTION AREA(ha)
(ha)
Holland 3,700 Italy 60
Israel 650 USA 65
France 620 Portugal 45
Spain 510 Taiwan 50
United Kingdom 510 Bulgaria 32
Belgium 420 Ireland 30
Japan 550 Switzerland 25
South Africa 440 Finland 17
Germany 260 Greece 20
Australia 220 Poland 20
Canada 220 China 40
Russia 170 Singapore 3
Armenia 22 Thailand 1
New Zealand 110 Hongkong 1
Sweden 110

M3 2 wanda Aunumseaa tazilslumssaaiielianKao,1997)

TREATMENT YIELD COST NET PROFIT
(kg./plant) USS$ /100kg. US$/100 kg.
BEEF TOMATO
CONVENTIONAL 2.8 323 40.1
HYDROPONICS 4.1 82.4 106.7
ROCKWOOL 4.8 89.3 97.2
ORGANIC SUBSTRATE 43 77.3 104.4
CUCUMBER
CONVENTIONAL 1.4 353 52.5
HYDROPONICS 3.1 88.4 112.6
ROCKWOOL 45 87.4 102.5
ORGANIC SUBSTRATE 4.1 73.5 97.5
CHINESE LEEFY
VEGETATBLE
CONVENTIONAL 0.45 57.6 29.5
HYDROPONICS 0.52 105.7 41.6
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158221010 0.30-0.25 millimhos 921311100 300 ©19 2500 millimhos Tuilegiuiionldniiae

[T~ 1
Ja11]1 millimhos 317N micromhos

'
2 Y o @

A o I A Y A A 1w '
1M3933n EC muwﬂlaﬂlﬂa@umllﬂ ﬁjﬁjﬁi%iUIi\uiﬂu UMM UIYIATSHIN 0-30

1 o dydu [~ . A A 1 O 1 1 A 1 1
wmﬂuuuuﬂnﬂu mlcrosemens(le) NIDUAIGYINIT millimhos 10 N1 1FU IUODIUAIFT

U

azane 18 s 921110 1.8 mmhos 3otliomasazaroninny 9 s 92111 0.9 mmhos

, A2 A 0 o d . A 0y 1 . . -6
A1 EC #90riu83a1)1 Siemens/cm (S/cm) 1190 ADAUAIU;micro-Siemens (10 :

Y
US/cm) H30ADWUAIU ; milli-siemens (10° :mS/cm) A1Conductivity Y04 150210 2VUDY

u

Y ) A MY v ~ ) g .
ﬂ?Jﬂ']T?JlslljJsllu“]JﬂQﬁ1ﬁﬂa$a18u1]‘lﬂ ﬂTWTﬂNﬂ?]NLmNTuq@%gﬂﬂT conductivity 'Lj:\i

10



A1 conductivity

14 MS/cm =1 ppm H30 2 MS/cm = 1 ppm (CaCO,= 1 ppm )

2000 pS/em =13/ 1 a3
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4 1 I 1 us/’
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Salinity(Ece,mmho/cm at 25°C)

Crop Responses

0-2 Salinity effects mostly negligible
2-4 Yields of very sensitive crops may be restricted
4-8 Yields of many crop restricted
8-16 only tolerant crops yield satisfactorily
above 16 only a few very tolerant crop yield satisfactorily

N Bernstien,L. 1970, Salts tolerance of plants, USDA Agricultural Information Bulletin 283.

d' U + A
M3 9N 4 msmmsﬂﬂumwema

SYEZNS3NY Tulastau(ppm) TDS(ppm) EC (mmhos)

Fusen —lueTeaeslunseoniiy 50 450-550 0.6-0.7

fi
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i
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wﬁﬁwﬂgﬂ-ﬂaﬂﬁﬁaﬁﬁmmu 100-150 800-1,350 0.9-1.8
ﬂﬂﬂ“ﬁ@ﬁﬁ@ﬁﬂ1u-!@d\ﬂﬂﬂﬂ 150-200 1,650-1,600 1.8-2.2
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azagluduuazmvoudaaullsina H indu Asiuiensiin cation 1¥U ammonium

. £ Y a AU { 0o q Ya o I o 9 A A
nitrogen VUl IFlulSmangeu agdldaudianmdunsa Tunwassdudwilonivga

Y
anions 11 Tuasn uaz Weevla Yu'laldun

J J - o a < 1
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winldauiinguleasensaOH ) uaz lu

Element

Organic elements(from air
Hyrogen
Carbon
Oxygen
Macronutrients (need in
Nitrogen
Potassium
Calcium
Magnesium
Phosphorus
Sulfur
Micronutrients (need in
Iron

Manganese

Copper

Boron

Zinc

Molybdenum

Symbol
and water)
H
C
O
large quantities)
N
K
Ca
Mg
P
S
small quantities)

Fe

Atomic

Available from
weight
1.00 H,0
12.00 CO,
16.00 0,H,0
14.00 NO,-, NH +
39.10 K+
40.08 Catt
24.32 Mg++
30.92 H,PO,-,HPO -
32.07 SO,--
55.85 Fet+++,Fet++
54.94 Mn++
63.54 Cu++,Cu+
10.82 BO,---B,0.- -
65.38 Zn++
95.95 MoM ++

U | 1 a +| a \
maamaﬂ?mmmimmmmazmuﬂ‘luﬂmuﬂma 9

Fertilizer

Element Composition (%)

1. Calcium nitrate

2. Potassium nitrate

3.  Ammonium nitrate

4. Urea

5. Phosphoric acid

6. Magnesium sulphate

15.5%N, 19 % Ca
13.75% N, 44.5 % K,0
34% N

46% N

75% P,0,

9.7 % Mg
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7. Potassium sulphate 50% K,O

8.  Ammonium sulphate 21%N, 24 % S

9. Potassium chloride 60% K,O

10. Monoammonium phosphate(MAP) 12% N, 61% P,0O,
11. Diammonium phosphate(DAP) 16% N, 48% P,0;
12. Monopotassium phosphate(MKP) 52% P,0, 34% K,0
13. Calcium chloride 36% Ca

AN 6 FATA1592219Y03 Hoagland

Salt Stock Solution(g/l) Final Solution(ml/l)
Solution 1
Ca(NO,)2.4H,0 236.2 5
KNO, 101.1 5
KH,PO, 136.1 1
MgSO,.7H,0 246.5 2
Solution 2
Ca(NO,)2.4H,0 236.2 5
KNO, 101.1 5
NH_H,PO, 115.0 1
MgSO,.7H,0 246.5 2
Micronutrient Solution
Compound Amount(g) Dissolved in 1 liter of water
H,BO, 2.86
MnCl,.4H,0 1.81
ZnSO,.7H,0 0.22
CuSO,.5H,0 0.08
H,Mo0O,.H,0 0.02

Iron Solution
Y 1 A ) . 2L g Yy
115 1% Iron chelate 15U Sequestrene 330 INBINTYY stock solution FIA0INT INUAN
v
[WUYUUBY actual iron 1 AU 1 ANT
Y Y] Qal' 9 9 [ 1 03} a 9
Sequestrene 330 U52nNOUAIY Fe 10% Adtiuazandlgans 10 n5u Aot 1 ans N5 1%
4 o o o a z
Fe Tugilou q suiluvszdostlSummanulsum Fe Tuasiu
. o [~ = R I o 1A @ z

Bailey 1m3naaoudual 6 U wudn iron chelates WUoUATIBADNY AU 92
uuzii 1319 Fe EDDHA uavgsi ldiiyvia Mg tag Zn m319 Fe EDTA a3 l4lunny iy
Y o
YUA

= . 2 d' Y A a
N1IAIYNT1502a1821D solution 1 ( 1J§3J1€N‘Vlﬂi’]x‘iﬂ"l§!ﬂ1ﬂ'ﬂ 1a09)

15




Compounds Amount per 1 liter (ml)
Ca(NO,)2.4H,0 5
KNO, 5
KH,PO, 1
MgSO,.7H,0 2
Iron 1
Distilled water 800

ﬁm; D.R. Hoagland and D.I. Arnon, The water - culture method for growing plants without soil ,

California Experiment Station Circular 347(1950)

Modified Half-Strength Hoagland Solution
19383 stock solution TOIFATUASUINNITUSUTITY

Stock Concentration No. 1

Compounds
KNO,
KH,PO,
MgSO,.7H,0

Micronutrient concentration™®

Amount per 50 gal of water
211b
12 1b
211b

5 gal

® mix thoroughly to dissolve salts.

Stock Concentration No. 2

Compounds
Ca(NO3), commercial grade

Sequestrene 330 Fe

Amount per 50 gal of water
381b
21b

**% mix the iron chelate thoroughly before adding to dissolved Ca(NO3),

Micronutrient concentration®

Amount(g) per 5 gal of water

H,BO, 54
MnSO,.H,0 28
ZnS0,.7H,0 4
CuS0,.5H,0 1
Mo0,.2H,0 0.5

Dissolve u,so, in boiling water. Add other salts to containers and mix in 3 gal of water. Add

dissolve n,so,and make 5 gal.

Dilutions
Stock concentrate To make final nutrient solution
50 gal 100 gal 1000 gal
No. 1 1qt 2qt 5 gal
No.2 1qt 2 qt 5 gal
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N ; H. Johnson, Hydroponics: A guide to soilless culture systems. University of California,

Division of Agricultural Science Leaflet 2947(1977).

M319N 7 gasmsazareNion ] lulsmaiu

yHavosily N uasd wzWerna  Winwaw aan anseLue3 Hkk

(uw.ileniny

asr oA
PEADU 1 DAT

1/2M-MgSo,.7H,0 (123 g/l) 3.0 4.0 2.0 1.5 1.0 1.0-1.5 252
IM-Ca(NO5),.4H,0 (236g/1) 35 35 1.5 1.5 1.0 1.0-1.5 1.270
IM-KNO; 6.0 6.0 4.0 6.0 4.0 3.0-4.5
(101 g/l)
1/3M-NH4H,PO, (38g/1) 4.0 3.0 2.0 2.5 1.5 1.5-2.3 368
EC me x 0.1 m.mho 2.0 2.0 1.1 1.3 0.85 0.75

4
ok mmmmsacluﬂﬁazawﬁw"l?f NIN/ANT

A0LNINMISIASBNAITAZAE

1. wseuijennududugs  ioazainaemsliau Inunandon luasnldde 101
v

[ 1

NSRBI 1

()
an

f

Yy 9 A

1 1 Y
2. Wedesmamisazaeiolgnuaans 1diladudunnionld 6 3@dei 1 das

A

3. flounaFemiolnnududugeazi 1dsigdu qanaznou asuenldmwy

+

A Aa ' N A < o = a Ao d 9
4, msmmﬂﬂmmmimwu T‘]Jif‘)u UUNULBIY 1Wan ainsd uaﬂmmumﬂu@m

E]

A

Y v o A 3’ A
Tael¥oa31 1 NSUKT 1 FF¥A011 1 ans

Y

a15199 8 gasilen 14 lugTs1) Winsor (1980) 101 HerhimunzaudmSuuziomado

Q

T30S faan3uni 1 3ns
TuTasau 150-200
oanode 50
Tnunendon 300-400
N iler 40-50
unaidon 150-300
man 3-5
uunilidon 0.5-1.0
Tusou 0.3
oA 0.1
dangd 0.1
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Tuauau

0.05

Table 9 Composition of starting solution : quantity of salts, diluted in 10 liter of distillated water

and sufficient for 1,000 liters nutrient solution.

a1391113 N%!Eﬁi’)!ﬂﬁ/ﬁﬁﬂﬁlﬂ!ﬂﬂg * !!ﬂ\?%lﬁnl**

gram ppm gram ppm
gasii 1
Calcium Nitrate:Ca(NO3)z.4HZO 988 168 Ca/l17N 637 108Ca/76N
Potassium Nitrate:KNO, 658.1 254K/ 91N 250 97K/ 35N
Ammonium Nitrate:NH,NO, - - 40 14N
Sequestrenel 138-Fe(50 % Fe-EDDHA) 84 5,3 Fe 5.6 0,4 Fe
qasfi 2
Potassium Phosphate : KH,PO4 272 78K/ 62P 125 36K/ 28P
Potassium Sulphate : K,SOy4 - - 261 117K
Magnesium Sulphate: MgSoy.7H,0 496.1 49Mg 128 13Mg
Manganese Sulphate : MnSo4.H,O 6.145 2Mn 1.6 0.5 Mn
Copper Sulphate : CuSoy4.5H,0 0.275 0.07Cu 0.12 0.03Cu
Zinc Sulphate : ZnSo,.7THHO 0.308 0.07Zn 1.1 0.25Zn
Ammonium Molybdate: (NH 4)6MO7024.4H20 0.092 0.05Mo - -
Sodium Molybdate :  NayMO 0,.2H,0 - - 0.12 0.047Mo
Boric acid H,BO, 1.714 03B 1.7 0,3B
Table 10 Composition refill solution : quantity for 1,000 liters nutrient solution.

A150IM3 uzIVama/ada[timnes * U

gram ppm gram ppm
qasfi 1
Calcium Nitrate:Ca(NO,),.4H,0 395.5 67 Ca/47N 787 133Ca/93N
Potassium Nitrate:KNO, 360.0 147K/ 5IN 360.0 147K/ 5IN
Sequestrenel 138-Fe(50 % Fe-EDDHA) 23.774 1.5 Fe 47.547 3 Fe
A 2
Potassium Phosphate : KHyPO,
Magnesium Sulphate: MgSo4.7H,0 329 32Mg 329 32Mg
Manganese Sulphate : MnSoy.H,O 1.539 0.5Mn 3.078 1 Mn
Copper Sulphate : CuSo,4.5H,0 0.275 0.07Cu 0.275 0.07Cu
Zinc Sulphate : ZnSo,.TH,O 0.308 0.07Zn 0.308 0.07Zn
Ammonium Molybdate: (NH4)6MO7024.4H20 0.092 0.05Mo 0.092 0.05Mo
Boric acid H,BO, 1.714 0,3B 1.714 0,3B
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* Cooper,A. 1976"Nutrient Film Technique of Growing Crops" Grower Books, London, 33pp.
** Annonymous. 1978 " Commercial Application of NFT" Grower Books, London, 98 pp.

M3190 11 gasasazareuugiildlu 52U hydroponic 1 1A% T1(Kao,1997)

Macroelement me/liter Microelement ppm
NO,N 6.0 Fe EDTA 2.5
NH,-N 0.5 B 0.2
PO,-P 3.0 Mn 0.2
SO,-S 1.5 Zn 0.01
K 4.0 Cu 0.01
Mg 2.0 Mo 0.01
Ca 4.0
EC(mmho/cm,25°C) 1.0 p" 6.0

TN silicon lua1Tazane

9 a ] 1 .oA o 1A 5 1 =1 d 1 A
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v 9
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= o w 1 F) [ d1 A A
NUANNTAYADNMINANINATVDIT1I(Ma et al. 1989) dziifuilsz Teaiaoiy 2 N1n
L. seflostiumsidiiarovesIsanazuuas (Cherif et al.1994;  Winslow, 1992;
Samuels, 1991)
[l [~ a . e1q- .
2. Frwannnuiluiivvedlany (Vlamis and Williams, 1967; Baylis et al. 1994

9
[ Y

= L Yy 9
@91 19A25 1d silicon WYY 0.1 mM luaisazaie

M31le911U Phythium luesazane

v
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. I dy 1 Ao A
Phythium sp. (HuFeaungueslsanindidyingelumsdgnisluaisazas 9

g

1 4 4 Y
MINABOINLI W¥AUIA Mn dzooULEAD 1A UBNIINT copper AT NAMTITYVOUTDYA

a

un3d ualuanududugarziidunsienoie manganese 1Az zine  AWITDAIVANMTIOITY

g

A 2

4 a 3 a 1 ° o 09/’ A Aa .
GU’E'NL%EIﬂaucﬂiﬂllagﬂﬂ'JuJ!ﬂuWB@ﬂﬁ“BWW A UAITINNSInaveg manganese, zinc, Qg

'
o A

9 1 a us/' > Ay = 3 9
copper Gl‘ﬁqqﬂ'J’lﬂill']mGUu@TV]WGﬁ@]ﬂ\iﬂ’ﬁ INeNLaNUBY

M39ANI51901%13 Iugiasazars
Dr. Picter Scippers(1991 H S A proceedings) nannilymvesmstgnialu a3

A Y Y [ +
asay ﬂf]ﬂWislﬂﬂsUf]lJ"ﬁGluﬂ']l‘!ﬂ'lﬁﬂﬂﬂWiﬂ'ﬂﬁlu?ﬂﬁﬁgﬁWﬂ
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A139ANITINDIMITL mass balance
= A A A A Y
“mass balance” W18D oI NTNNeglumsazarensoluny Tasmslnsige1nis
v Y
lugdensazare viindesmsIiisgaiulyld
=) 9 o o 1 a3 1
e sngas1no1msuNsg luasazaeli1dsesriuednsiagy uauesinae
9 (] o 0911 9 9 @
asiazazavegluasazate asiuanududuvesluTasnu WeaosauazFremlg:up,ou
o' = A A 1 dy 1 A Y [ 1 9
919926104 0.1 mM %30 2-3 ppm tHlaanNWpHaIazed luiy Ny liswaananluanudy

9

4 1
Fuge wwduamgliiseaiuldlFunmulyl sldidaanyliaugaluiy dediusu e
A J a £ 4 o & o o A 9 ¥ v Y Y
fvmeinziimsgannaisazareduuumun - aniusuduivzdsdieanesamdudu 0.5
1 1 1 F4 4
mM Tugdmsazaremivadll  WedueaesalugdmsazareTuaznieass Nwzgain
Tldmeluna 2-3 $Tue hldanududurearesaluamsazaonun i) avzseldie
uanss auyssivazgamsemns W1F1AE) lunsaiisnmszdueanedaluasazasln
' Y 2
pgluanudndu 0.5 mM i ldlsunadearosaluimnuaiui 1% veuhwminuianie
a P AA Y 1 o YA 14
guaunNAirdesmsiszana 3 1 wazazi ldianaaie1nsaig Fe uaz Zn 19 (Chaney

and Coulombe,1982)

AUANI0TUNINATINDINITURINY

' I 1
5199113 luasazaeuieeniudwngu Ao

' = o Iy Y 3
QUi 1 Aasorir 14 18 denaz 55 NO,, NH,, P, K, Mn

(Active uptake, fast removal; a few hours)

ngui 2 Anyennsa 141 dunan Mg, S, Fe, Zn,Cu, Mo, C

(Intermediate uptake)

ngui 3. Wi 11518 Teanazvzandnazaueglumsazae Ca, B

o VoA & 9 @ @ Yy 9
ﬂ”lﬁﬁ]ﬂﬂ15‘ﬁ”l@!ﬂ”l1ri”l§11!ﬂ@ﬂ1/lﬁ1!ﬂ (N,P,K,Mn) AT NEITTAUANNUNIU Tuens
9/<; A [ dy A A £ I ] v A 9 1 Y ]

azanalvian LW’EJ‘]B:I?]\Tﬂuﬂ”ﬁﬁ%ﬁllcluluﬂlf]@w% “ﬁﬂﬂTﬂﬂ%Lﬂu@u@]iTﬂﬂ‘U‘W%qﬂ Lmﬂ”l'i(lﬁ‘ﬁ“{]ﬂ\i
' Y 9 v = Y a3 =
ﬂﬂTJGluﬂ'J"IﬂJL“'IJ?JEUl.!@ni]gﬂ'J']JﬂiJLLa%@ﬁ'Jﬂﬁﬂ‘]Jllﬂ81ﬂ Tuas1an 1. N VAT RGP R RES
Lﬂﬁﬂu"u’ENﬂ”l’i@]i’Ji]ﬁ’e)‘]J‘ﬁ”l@]‘mﬁiﬂuﬁﬁa8a”IEJIﬂEJ ICP emission spectrophotometry 11499910
visgsu lulasou Tiawnsoasideuldles ICP-ES udvzasivaeullSinasigruanou
Y i A A Y a o s v &
9 ulﬂﬂ HINIINU ﬂ'J”I?JLGIf@ﬂ’E)lIWU’ENNi‘lﬂ”lijlﬂi”lgﬁ B, Cu, Mo, Tag ICP-ES 3¢ aariuluan
~ Aax o a ~ 1A
TNN 12 i]gll,ﬁﬂ\ﬂ‘ﬁﬂ13ﬂ1u’Jﬂ!‘ﬂill”lil!‘ﬁ“{]’f)TVHTVli]g1?(L@]3Jﬂ\1]’lﬂ1ui‘1'1'§a$a18
Table 12 Typical measurement error associated with the use of Inductively Coupled
Plasma Emission Spectrophotometry for analysis of nutrient concentrations in

hydroponic solution.
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Typpical Measurement
Nutrient Solution Error(%)
Element Concentration(mM) ICP Accuracy(mM)
K 35 0.1 3.0
Ca 1.0 0.002 0.2
S 0.75 0.01 1.0
P 0.5 0.01 2.0
Mg 0.25 0.002 1.0
micro-nutrients (m M) (m M) (%)
Fe 5.0 0.15 3.0
Mn 3.0 0.3 10.0
Zn 1.0 0.15 15.0
B 1.0 3.0 300.0
Cu 0.1 0.2 200.0
Mo 0.03 1.0 3300.0

MIATNADVTIAOINIS IUE15a2a10e1150 19AT09100 electrical conductivity Y

A A Y A 1 Y ) d? Y

dzaanuazi¥enala uatipsnnanuuana luduanuamnsalumaisgensiu 1y
4 4 Y] 1 1 [ H 1

UszTomivosiiy msldnTesiionsnandiulvazldasiaaon ca, Mg, 1ag S Nandsoglu

Asavals 519303 Iuasazaeazlszauaing1 0.1 % EC

MIiagaIaITazaIe lduay

s A

FogiszaasaioMuuagasnIngg Il Musus1ges Iugdamsazareiog ldmuay
& d Aa gy & v 3 o

asluensazane imenaunusigomsuazthniesldwiogayme Il lumsldaswsn Taena 'l
= 1 9 1 dy d' a 1A + ] [ A d'
HyApudtaznumMuaeanmvesiui q JuSuadleliauga uamsignialuasazaen
Apamsmanyuiouvesasazateniusn e ldsgemsunstdauamull wwiliine

A (a 4 & A . q9y a
MsazauilInungau yennntazilddunumsnangs

qa3011m15n 9 lAtlen1d5u Hoagland solution ansaldldimmanlumsazate

A 4 Y 9 A q 9 S
TasmsiiyninieannnuunTIuan 1/3 wiolviA1 EC AN UA Hoagland solution Tuszaziisn
@ d? Y o [ A 1 9 o A
wannvumnlddmsulgnuziiomes 1veg ldmngdmsuuneie

[

Hadeidnydmsumamsoudisazated ldmuaude

1. dauwﬁmmﬁmmmi (Solution Composition)

2. MUY UYDIBIND1413(Solution Concentration)

arulseneuvedalsazany
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[ 4 1
oA 1aIUVeIs 1IN Inanlumsazats  AuegnullSinasigensuaazatiai
Ay & Y = v A a /g A o v o
NYABDINTT G]NEﬂ%@]ﬂ\iﬁﬂ‘]&ﬂﬂ’ﬂﬂﬂﬂ\iﬂTﬁGlJfNW‘Iﬂ!ﬁ$’JLﬂ‘i']$ﬁiﬂW‘lﬂﬁﬁQ%1ﬂ1W‘ﬁ1ﬁ]@1ﬁﬁﬂNLlﬁﬂ
TagododoyanINENa 1513 oNINaaN1NIMNMIITY
1. Plant analysis : An interpretation Manual . 1986. D. Reuter & Robinson,(eds). Inkata
Press, Melbourne.
2. Plant Analysis Handbook. 1991. Benton Jones, B. Wolf, H. Mills. Micro-Macro
Publishing, Inc. Athens,GA.
3. Plant Analysis. 1987. Martin-Prevel and J. Gagnard. Lavoisier Publishing, Inc. NewY ork.
4. Diagnosis Criteria for Plants and Soils. 1966. Homer Chapman. University of California.
Riverside,CA.
a s A a tﬂy A a 9 ~ A I
ﬂTﬁ’JLﬂ'i13W!W@WTlJiiJ']ﬂ!‘mﬂ’éﬂﬁﬁalumelﬂ’éﬂ‘UEﬂ%uﬁm%mWﬂ‘ﬂ’q@ Ll.lf)\‘lﬁﬂﬂﬁl‘iﬁlglﬂu
1 A Ao w [ o = o Y I [l A (A ~ A
T;T’JHEUGQWGB“Wﬁ']ﬂi}ﬂuﬂﬁﬁﬁlﬂ‘i']%ﬁl!ﬁﬂ “ﬁﬂ%gT]WGlﬁLﬂUﬁ’JUﬂNﬂiiJ']ﬂ! enzyme EI\WIZI@ 1uww
1 1 Y
ANUTNTWRAoURIT1IAD IS Iud Al quasirizAInly auiumsisinemsauna
a o o Y 1 A ' o ¥ <} ) A 1% aaj
mmmiwwhmmzwﬂﬁﬁmmmﬂumuau q U AU WA 1A Nﬂih']ﬂ!ﬂq\i ANUU
o 1 (] a I'd 1
asvzdSulimngan luusas gy M5 AATILHI1IIN (wheat) Tuars1ai 13

Table 13 Approximate optimum nutrient concentrations in different parts of wheat plant.

Element(%) Leaves Stem Seeds Roots
N 5.0 2.0 3.0 3.0
P 0.3 0.2 0.5 0.2
K 2.5 2.3 0.7 2.0
Ca 1.2 0.3 0.1 0.2
Mg 0.5 0.05 0.2 0.05
S 0.5 0.3 0.2 0.2

mg/kg Leaves Stem Seeds Roots

Fe 100.0 40.0 100.0 800.0*
Mn 75.0 20.0 50.0 25.0
B 5.0 3.0 0.5 5.0
Zn 50.0 20.0 50.0 30.0
Cu 10.0 1.0 5.0 10.0
Mo 2.0 1.0 1.0 1.0
Cl 1.0 1.0 1.0 1.0

* Fe ANANAZANOGUTNUAIVDITIN
) ] A Y ' I @ Yy 9
AUBOUVDINYIZUAAIDINITVIATINDINT IAd1enTIMaTuduassnnaNududy

~ a [ 09.1‘ Y A . ' 9 =
GIJE’N‘E"I@]E’)”IW”I?VIQQLﬂuhll] ﬂ\1Ll‘L!ﬂ15Gl,VifﬁWJ@”IWﬁcluigflgﬁll!ﬁﬂ(starter solution)ADUUIIISY
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ﬁumimﬂﬁ’mmzﬁmmmﬁmam151uﬁ15azam

a A ' < A
m‘mstymmwwmaamﬂu 3 3zasne

a 1 13 a .
1. szezusnvesmaniy@nIvaidumsnsynednly ) 19 starter solution

g

9
a o 9

2. szozaesveaminiymsniansdiulunazdrdu) 19 vegetative refill solution
{ I a .

3. szeznamniluszezminTynisdiunenuazng 19 seed refill solution

sndIngazniyluszozuinvoamsniy tazazanadlussoz Ndoaaz 1z nga

P INNTII Y

Table 14 Approximate normal tissue composition of hydroponically grown greenhouse vegetables

Element Tomatoes Cucumbers
K 5-8% 8-15%

Ca 2-3% 1-3%

Mg 0.4-1.0% 0.3-0.7 %
NO,-N 14,000-20,000 ppm 10,000-20,000 ppm
PO,-P 6,000-8,000 ppm 8,000-10,000 ppm

Fe 40-100 ppm 90-120 ppm

Zn 15-25 ppm 40-50 ppm

Cu 4-6 ppm 5-10 ppm

Mn 25-50 ppm 50-150 ppm

Mo 1-3 ppm 1-3 ppm

B 20-60 ppm 40-60 ppm

11 ; H. Johnson, Hydroponics: A guide to soilless culture systems. University of

California, Division of Agricultural Science Leaflet 2947(1977).

Table 15 Comparison of half -strength Hoagland Solution with Utha Wheat Solutions. The
System is initially filled with the starter solution. Vegetative refill solution is used during leaf and

stem growth. The seed fill solution is used after the leaves stop growing and the grain is filling.

Element(mM) Hoagland Solution Starter Solution Vegetative Refill Seed Refill
N 7.5 3.0 6.0 3.0
P 0.5 0.5 0.5 0.5
K 3.0 1.5 4.5 2.5
Ca 2.0 1.0 1.0 0.5
Mg 1.0 0.5 0.3 0.3
S 1.0 0.5 0.3 0.3
mM
Fe 44.6 10.0 2.5 2.5
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Fe-HEDTA 0 25.0 5.0 5.0
Mn 4.5 3.0 6.0 3.0
B 23.0 2.0 1.0 0.2
Zn 0.4 3.0 1.0 1.0
Cu 0.15 0.3 0.3 0.2
Mo 0.05 0.09 0.03 0.03
Cl 9.0 6.0 12.0 6.0
Si 0 100 100 0
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Yy ¥ Ay v o o
U528 50 % VPIANUINTUNADIMNMT Fa1TU 1Y refill solution aWITRAAdAIY U TATIIUAS
o' 1 . a 9 A
A1N119A5 Hoagland’s solution o TuHen Tumsn (NH,NO,) ensaldnrugy pH Tunsdin
Y o a A o 1 ~ o w ° . A '
doamssnylsua lulasuluisluseauge uanouTadioy 92310015111 cation U U
4 o qul { 4 o 1 qg/l
K, Ca, Mg, and micronutrients ¥4 11/19vesiy dainaglduen Tufomieduiumniy msly
HNO, 15313 1 ml ipa1sagats 250 aa35 9$A1WIT0AA pH a4 0.1 112
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579157
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Table 17 content of nutrients in dry matter of leaves from healthy cucumber plants with
deficiency or toxicity symptoms; dry matter ranges from 80-110 g/kg. With 98 g/kg as an average

for fresh leaves.

Nutrient element Healthy Deficiency Toxicity

Range Mean

Nitrogen(mol/kg)

total N 1.8-3.6 2.69

nitrate N 0.07-1.0 0.24 25
Copper(mmol/kg) 0.03-0.30 0.20 10
Molybdenum(mmol/kg) 0.01-0.06 0.032 10

11: Roorda van Eysinga,J.P.N.L.; Smilde,K. W. 1981.” Nutritional disorders in grasshouse
tomatoes, cucumbers, and lettuce”. Cent.Agric. Publ. and Docum., Wageningen, The

Netherlands. 130 pp.
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Table 18 Stock solution required for the preparation of complete nutrient solution for cucumber

transplants in soil and soilless mixes

Fertilizer Salt in stock(kg/1000 L)
Stock A
Calcium nitrate 67.0
Potassium nitrate 74.0
Stock B
Potassium sulphate 13.5
Stock C
Monopotassium phosphate 22.5
Magnesium sulphate 50.0
Micronutrient mix* 2.0
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® Plant Product Chelated Micronutrient Mix ; contains 7% Fe, 2% Mn, 0.4% Zn, 0.1% Cu,

1.3% B, and 0.06% Mo.

Table 19 Amount of each stock solution required to prepare 1000 L of final nutrient solution with
various conductivities for raising cucumber transplants in soil or soilless media, and

corresponding nutrient concentrations.

Target EC in final nutrient solution(*S/cm)

1000 1500 2000 2500 3000
Volume of each stock to be added(L/1000 L of final solution)

Stock A 3.8 5.8 7.5 9.0 12.0
Stock B 3.8 5.8 7.5 9.0 12.0
Stock C 3.8 5.8 7.5 9.0 12.0

Anticipated nutrient concentrations in final solution(ppm)
Nitrogen(NO3-) 73 112 145 174 232
Nitrogen(NH4+) 3 4 5 6 8
Phosphorus 19 29 37 45 60
Potassium 152 232 300 360 480
Calcium 48 74 95 114 152
Magnesium 19 29 37 45 60
Iron 0.53 0.81 1.05 1.26 1.68
Manganese 0.15 0.23 0.30 0.36 0.48
Zinc 0.030 0.046 0.060 0.072 0.096
Copper 0.008 0.012 0.015 0.018 0.024
Boron 0.099 0.151 0.195 0.234 0.321
Molybdenum 0.004 0.007 0.009 0.011 0.144

The EC of the water has not been included ; to obtain the final EC of the final nutrient
solution add to ECs listed the EC of your water sources (e.g., if your water has an EC of 400 S
/em and you add 7.5L of each stock to 1000 L of water then your final nutrient solution will have

an EC 0of 2400 S/cm

1131/9n32u1 Rock- wool
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EC 1500 S/cm pH 5.0-5.5 dannmandenadsldaisazaisinil EC 1500-1800 S/cm pH 5.5
uagsapn EC 1@1n11 2500 S/em tagpH 6.0 mstivansazaneluinaisdederineu e
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Table 20 Stock solutions required for preparation of complete nutrient solution for cucumber

transplants in rock wool

Fertilizer Salt in stock(kg/1000 L)
Stock A*
Calcium nitrate 100
Potassium nitrate 45
Stock B*
Monopotassium phosphate 22
Magnesium sulphate 33
Micronutrient mix** 2

Table 21 Amount of each stock solution required to prepare 1000 L of final nutrient solution

with various conductivities for raising cucumber transplants in rock wool, and corresponding

nutrient concentrations.

Target EC in final nutrient solution(*S/cm)

1000 1500 2000 2500 3000
Volume of each stock to be added(L/1000 L of final solution)

Stock A 5.0 8.5 12.0 16.0 19.0
Stock B 5.0 8.5 12.0 16.0 19.0

Anticipated nutrient concentrations in final solution(ppm)
Nitrogen(NO3-) 101 172 244 325 386
Nitrogen(NH4+) 5 8 12 16 19
Phosphorus 25 42 60 80 95
Potassium 117 200 282 376 446
Calcium 95 161 228 304 361
Magnesium 16 28 40 53 63
Iron 0.7 1.2 1.68 2.24 2.66
Manganese 0.2 0.34 0.48 0.64 0.76
Zinc 0.04 0.068 0.096 0.128 0.152
Copper 0.01 0.017 0.024 0.032 0.038
Boron 0.13 0.221 0.312 0.416 0.494
Molybdenum 0.006 0.010 0.014 0.019 0.023

The EC of the water has not been included ; to obtain the final EC of the final nutrient

solution add to ECs listed the EC of your water sources (e.g., if your water has an EC of 400 S

/cm and you add 7.5L of each stock to 1000 L of water then your final )

39



Table 22 content of nutrients in dry matter of leaves from healthy tomato plants with deficiency

or toxicity symptoms; dry matter ranges from 90-120 g/kg. With 116 g/kg as an average for fresh

leaves.
Nutrient element Healthy Deficiency Toxicity
Range Mean

Nitrogen(mol/kg)
total N 2.0-3.5 2.64 <1.7
nitrate N 0.20-0.07 0.24 <0.07
Phosphorus(mol/kg) 0.13-0.21 0.15 <0.07
Potassium(mol/kg) 0.7-1.5 0.97 <0.3
Magnesium(mol/kg) 0.15-0.35 0.28 <0.12-0.15
Calcium(mol/kg) 0.6-1.8 0.92 <0.17
Sulphur(mol/kg)

total S 0.3-1.0 0.55 <0.15

sulphate S 0.2-0.8 0.45
Boron (mmol/kg) 3-9 6.9 <2.7 >15
Copper(mol/kg)
Molybdenum(mmol/kg)

11: Roorda van Eysinga,J.P.N.L.; Smilde,K. W. 1981.” Nutritional disorders in grasshouse
tomatoes, cucumbers, and lettuce”. Cent.Agric. Publ. and Docum., Wageningen, The
Netherlands. 130 pp.
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Chemicals Cost (Baht/kilogram)
Laboratory Grade Commercial Grade

Calcium nitrate 2,600.00 8.00
Potassium nitrate 2,400.00 16.00
Mono potassium phosphate 5,500.00 30.00
Magnesium sulfate 3,500.00 7.00
Fe EDTA 7,180.00 .
Manganese sulfate 2,450.00 =
Boric acid 3,780.00 -
Copper sulfate 6,600.00 =
Ammonium molybdate 9,800.00 =
Zinc sulfate 5,440.00 -
VnﬁN‘?'l 34 ﬁ'unumiazmﬂ

Chemicals Quantity Cost (Baht/1000lit.)

(gram/1000 lit.) Commercial Laboratory

Calcium nitrate 1,300 10.40 3,380.00
Potassium nitrate 760 12.60 1,824.00
Mono potassium phosphate 300 9.00 1,650.00
Magnesium sulfate 650 4.56 2,275.00
Fe EDTA 20 143.60 143.60
Manganese sulfate 6.2 15.20 15.20
Boric acid 1.7 6.43 6.43
Copper sulfate 0.39 2.60 2.60
Ammonium molybdate 0.32 3.15 3.15
Zinc sulfate 0.44 2.40 2.40
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Total 209.50 9,302.38
Average 0.2095 9.302
(Baht/Liter)
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Chemicals Water Quality (ppm) Solution (Standard) ppm Solution VT#01
ppm
PH 6.5 6.0 6.9
EC(mS/cm) 0.2 1.4 1.3
NO,N Trace 98.0 -
NH,N Trace 9.3 -
PO4_P - 41.2 1,388.0 **
K - 234.0 606.0**
Ca 23.44 333 56.38**
Mg 1.56 48.6 31.11%*
SO, S - 64.0 -
Fe 0.28 3.25 3.81
B - 0.36 -
Zn 0.08 0.02 0.05
Cu - 0.01 0.14%**
Mn 0.41 0.28 2.59%%*
Mo - 0.005 -
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M13199 37 szeznalumstgnitaniuy hydroponics 71 141 31(Kao,1997)

yiany mssydvla
m3ssen(iy) Aunan(Ow) Aﬁmﬁm(ﬁ'u)
goud 12 7-10 24
azth 23 10-16 24
171973 1-2 7-14 24
fin Ty 2-3 10-16 24
Andjeiu 23 7-14 24
emas 3-4 10-16 24
e 3-4 10-16 24
waaly 1-3 10-16 24
adatianes 3-4 16-20 35
LOISIG] 3-4 16-20 45
Haos 7-10 15-20 40
ulomne 5-7 20-25 90
HAAUNA 35 15-20 80
nszisuduiu 30-40 20-30 20
uaafu 35 15-20 90
1ONE1301904
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