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Light Intensity.
quality, duration

Alr Light

Water Nutrient
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Temperature Humidity

_|_

photosynthesis
respiration
Absorb. of nutrient+H,O

e

Transpiration

Development (leaf,flower formation)

booming

fruiting

Distribution of sugar
Formation of organ

Extension of cell/organ
Mature of fruit

HEIRT R R R

Degree of influence: +++ large, ++ medium, + small
Suitable range in between 15 ~ 30 °C
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H,O CO, concentration

« Stomata resistant
> & o Air VElOCity (resistant of boundary layer of air and leaf)
« VP D/AH D between air and leaf affected by T and RH / AH

AV
N

- leaf 02 EnergyIight (480kJ)
%" H:04+CO: = CsH120¢/6+ O2
3 18g 44g 30g 329
= stem [ CeH1204/6 —W()z
% Nl Pl Kr etc. =P plant
i_).
e ()
root
: * Resistant of root, root zone

< 3 S Water potential difference between
S R root and growth media

Material exchange: H,O, inorganic macro/micro nutrients
(N, P, K, ...) concentration
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" Preparation of
nutrient solution

e Materials / Device
e Recipes
e Unit conversion

Management

Hydroponic
systems

Literature
Review
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https://youtu.be/wBcnUUkdavE
https://youtu.be/V0BrgBF9IQM

5 L bucket

Stir bar
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caNoy), MgSO, NH, Fe - iR (mLL)

610 830 500 120 20 13.0 60 7.0 3.0 4.0
610 830 380 155 20 13.0 60 7.0 40 3.0
610 830 185 60 20 13.0 60 7.0 15 15
300 470 250 RO 20 7.0 30 40 20 20
400 360 250 80 20 7.0 40 3.0 20 2.0
310 240 125 60 20 50 30 20 15 1.0
610 360 250 100 20 90 6.0 30 25 2.0
710 360 250 120 20 100 7.0 3.0 3.0 2.0
400 240 125 60 20 6.0 40 20 15 1.0
8§10 470 500 155 20 120 8.0 4.0 4.0 40
510 240 125 60 20 70 50 20 15 1.0
710 240 250 190 20 90 7.0 20 50 2.0
200 470 185 60 20 6.0 20 40 15 15
707 354 246 152 20 10,0 7.0 3.0 4.0 2.0
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b oncentration | Fertilizer | concentration [Amount requiredin.

o Oy 0,020 e ER A (CuS0,  BHL0) T 008 g
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Absorption of macro elements of Tomato under
various strength of recipe concentration

(m) EIEH

10.0 7

3.1

] ] ] ! |
178 1/4 1/2 1 372 2 5/2 4
e i R
1S :N200,P31 K274, Ca 160, Mg 48 ppm

Too much K* inhibit
absorption of Ca*?
and Mg*?

% I

...........................
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Vegetative Nitrate
Growth

NH4 SR
Ammonium |
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Heavy Fruiting
and

Flowering

Add with
Bloom
Stimulants
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Table 6. Recipe for tomatoes in Weeks 0-6 Weeks 6-12 Week 12+

winter according to crop growth stage Higher N, Ca and Mg for Lower N, higher K for Maintain balance of vegetative /
(units are ppm). veqgetative growth reproductive growth reproductive growth
Nitrogen (N) 224 3k e 189 189
Phosphorus (P) 47 m 47 g

Potassium (K) e 281 351

Calcium (Ca) 212 3% 190 e 170
Magnesium (Mg) 65 m 60 * 48

lron (Fe) 2.00 2.00 2.00
Manganese (Mn) 0.55 0.55 0.55

Zinc (£n) 0.33 0.33 0.33

Boron (B) 0.28 028 028

Copper (Cu) 0.05 0.05 0.05
Molydenum (Ma) 0.05 0.05 0.05

aource: sunco, Lid., and Unwersity of Anzona, LControlled Emvronment Agnculture Center, http//trmyur.com/yl)/85/
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Mg

K
OF:!
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http://www.novacropcontrol.nl/

Na o

mropP=- O0O=00=2M%

Boron, which activates —

starting with —
Calcium which binds —

S e

division.

“ (s Ca Ga

Plant biochemical sequences begin with:

Silicon which cames all other nutrients

Nitrogen to form amino acids, DNA and cell

Ge

Amino acids form proteins such as chloro-
phyll and tag trace elements, especially —

5. Magnesium which transfers energy via —
6. Phosphorusto —

7. Carbon to form sugars which go where —

8. Potassium carries them. This is the basis LR
of plant growth. = T '-
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Ty|c_)e_ of Molecular formula Mole_cular ion solubility | purity Price
fertilizer weight
20°Cg/l | % | NT$/kyg |
A s 4o KNO; 101 K*,NOs 315 95 | 50~60 |
A A4 | Ca(NO3),-4H,0 236 Ca*%,2(NO3) 1270 70 | 20~27
P P 4% NH4H,PO, 115 NH4* H,PO, 365 |98 | 50~64
Fon e 4% MgSO,-7H,0 246 Mg*4,S04 252 45 44
AR A NH4NO; 80 NH;*,NO3 655 08
P 4% (NH4)2S04 132 2(NH4%),S0,7 754 94 5.6
F 4% NH,4CI 53 NH4*,CI 1630
k% (NH,),CO 60 NH,* 1000 08 9.8
o e 4 K»SO, 174 2K* SOy 111 90 31
F (- 4 KCI 74 K*.CI 265 95 8.4
F 147 CaCl,-2H,0 147 Ca*?,Cl 536 75 24
FApe — 49 KH,PO, 136 K* Hopos 227 98 70
EDTA FeEDTA 421 Fe*? 421 12.5 250
ey HsBO; 62 B;" 46 18 | 55~60
it =1 MnSO4-4H,0 223 Mn*2,50, 500 99
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Atomic Valence 1 me/L o
weight
K 1

39.1 39.1 mg/L
Ca 40 2 20 mg/L
Mg 24.3 2 12.15 mg/L

me/L x atomic weight/valence = ppm

e e e D e e e T e e e e e e L e D T L T D e D e D e D e e e e e T e e e T e e D T D T D e D e D e T e T e T e T e T e T e T e T e T T T D e T e T e T e T e T e T e T e T e T T T T T T T T T T e e e e T e T e T LT L e L e e e e T e e e e e T e T L e R
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o1 3.98 me/L N 2 3.98 x (39+62) /1 = 401.98 g KNO; (KNO4 molecular weight 39+62 )

s 1.4 me/l Ca =2 1.4 X (40+62x2+4x18) / 2 = 330/2 = 165
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Chemical composition

of nutrient solution.

purity
(%)

lettuce
(mg/L)

Stock solution (100X)
(9/500 mL)

Stock solution (100X) B
(9/500 mL)

[P 4T Ca(NOy) , - 4H,0

70

240

12

12/0.7 =17.14

i g KNO,

99.8

400

20

20.04

g4z MgS0, - 7H,0

49

125

12.76

3;};};5%?5‘2"‘@% NH4H2PO4

98.5

60

3

3.05

fﬁ,ﬁﬁa Fe - EDTA

99.9

1

1.00

im0,

99.9

0.6 (1000X ; 500 mL)

0.6006

4 CusO, - 5H,0

0.045 (1000X ; 500 mL)

0.0450

 FEp4: ZnsO, - 7H,0

0.02 (1000X ; 500 mL)

0.0204

48 MnSO, + H,0

0.813 (1000X ; 500 mL)

0.005 (1000X ; 500 mL)
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2
Versions

of
Yamazaki

Recipe

I &, g/1000L(LLE)

W&, g/1000L({& IF L)

Molecular

g/5L for stock solution, diluted 200 times,

a8 Compound  weig EC = 800 pS/cm = 0.8 mS/cm

i KNO, 101.1 @)4 35088
B35 (47K) Ca(NO3), * 4H,0  236.088 242.42 242.42
B EEF5(37K) Ca(NO3)2 - 3H20 218.088 or 223.94 or 223.94
FE-EDTA C1oH1,N,NaFeOs 367.05 25.26 25.26
it MgSO, 120.34 61.68 61.68
B (1K) MgSO, * TH,0 246.34 or 126.26 or 126.26
i — 8% NH,H,PO, 115.03 60.91

B g8 KH,PO, 136.09 0 72.02
B e s NH,NO; 80.052 0 - 4034
il H;BO; 62 U3 3.03
SAL#R(47K) MnCl, * 4H,0 198 0 0
TS (17K) MnSO4 « H20 169 1.53 1.53
e (47K) MnSO, * 4H20 223 or 2.02 or 2.02
TR B3 (57K) CuSO4 * 5H0 250 0.09 0.09
TEEE(TK) 7nS0, * TH,0 288 0.224 0.224
SHEEM(27K) Na;MoO, * 2H,0  241.92 0.025 0.025




Table 1. Three hydroponic nutrient solution recipes to prepare 100 gal. of fer-
tilizer suitable for hydroponic production of lettuce, herbs and leafy greens. If
preparing to dilute in a 100-gal. reservoir, all the components within a recipe
can be mixed into the water. If using stock tanks (i.e., a 100X concentration),
then the calculations represent the amount to use per 1 gal. of stock. Where
indicated, the Tank A and Tank B components MUST be prepared separately
so a precipitate does not occur. If using stocks, dilute using 1:100 injector(s)
(two injectors connected in series for Tank A and Tank B mixes). This will make
100 gal. of dilute fertilizer.

Jack’s Hydro-FeEd (16-4-17)
This is a 1-bag solution; use 355 g in 100 gal. water (dilute)
or for each 1 gal. in a stock tank (using a 1:100 injector)

Jack’s Hydroponic (5-12-26) + Calcium nitrate

Tank A Tank B
284 g Calcium nitrate (15-0-0) 284 g 5-12-26
Modified Sonneveld’s solution for lettuce
Tank A Tank B
184.0 g Ca(NO3)2:3H20 51.5 g KH2PO4
14.4 g NHaNO3 93.1 g MgS0s-7H20
167.3 g KNO3 *0.290g MnS04-H20
*3.8 g 10% Iron-DTPA *0.352g H3BOs3
Sprint 330 or *0.023g Na2Mo04-2H20
Sequestrene 330 *0.217g ZnS04-7H20
*0.035g CuS04-5H20

*A precise scale is needed to weigh the micronutrients
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Table 4. Two hydroponic nutrient solution recipes to prepare 100 gal. of fertil-

Table 2. Comparison of the nutrients (in ppm) supplied by the : 3 4 g
izer suitable for hydroponic production of tomatoes, cucumbers and peppers.

three different recipes for lettuce, herbs and leafy greens.
Jack’s Jack’s Hydroponic| Modified Jack’s Hydroponic (5-12-26) + Calcium nitrate
Hydro-FeED (5-12-26) Sonneveld’s Tank A Tank B
(16-4-17) + Calcium nitrate solution 360 g Calcium nitrate (15-0-0) 360 g 5-12-26

Nitrogen (N) 150 150 UA CEAC Recipe*

Phosphorus (P) 16 3 Tank A Tank B

Potassium (K) 132 210 3478 g Ca(NO3)2:3H20 64.9 g KH2POs

Calcium (Ca) 38 90 152.5 g KNO3 184.3 g MgS04-7Hz20

Magnesium (Mg) 14 24 *76 g 10% lron-DTPA 114.7 g K2S0s

Iron (Fe) 2.1 : 1.0 ggg'"t ;30 or " :g-ggég xréSgA-Hzo

uestrene .606g HaBO3

23"98"853 (Mn) *0.048g NazMo0a-2H20
nc (Zn) *0.549g ZnS0a-7H20

Boron (B) *0.074g CuS0a-5H20

Copper (Cu) *A precise scale is needed to weigh the micronutrients
Molydenum (Mo) Adapted from University of Arizona, Controlled Environment Agriculture Centes
http://tinyurl.com/1jlj785/

Table 3. Target nitrogen feed rates (in ppm N) for several hydroponic crops. Table 5. Comparison of the nutrients (in ppm) supplied by
the thee diferat recpes foretucs heb and esfy greens.
Buttercrunch/Boston Bibb 125 150 Jack’s Hydroponic UA CEAC
Romaine, Red and Green leaf 125 150 C (f'.] 2-26) Recipe
Basil 195 175 + Calcium nitrate
Culinary Herbs 125 150 :;'hosg§:r$)ﬂ>) ];99
Cole Crops 125 175 spsium 0
Garlic and Scallions 125 150 .

Calcium (Ca)
Tomatoes 125 200 NG A
Peppers 125 150 9 9

Cucumber 125 175 yon:G:c)
Manganese (Mn)
Heavy Feeders Zinc
cabbage, kale, spinach, Swiss chard, mustard 125 175 - 200 inc;(n)
greens, mizuna, escarole Boron (B)
Light Feeder Lettuce o . Copper (Cu)
arugula, watercress, spring mix Molydenum (Mo)

* Adapted from data collected at J R Peters Laboratory and Smithers Oasis Inc. 2012-2013
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AR EENERRED  smmm—e

" KIN AL KIND — KIND
oo 3= B

= \Water-soluble concentrates

= Complete one-bag formula
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o More recipes in pprm

o US Hoagland and Netherlands S
e g8 Elements | Arnon/ Modified UK Modified oS oS Canada Japan -
.......... Cooper : Wilcox 1 Wilcox 2 Resh
SRR SRS Hogland Steiner o

N 200 132 162 175 132

..... 1

S 210/ 224

L P 31/62 60 48 58 58 65 42

K 234/ 235 300 304 200 284 400 T

i . Cca 160/ 160 170 180 136 136 197 162

o Mg 48/ 24 50 48 47 47 44 50

SR Fe 50/1~3 12 3 4 4 2 3

 Mn 05/0.11 2 1 05 05 05 05

'''''''''''''''''''''''' B 05/027 15 03 15 15 05 05 e

- 7n 0.05/0.13 0.1 0.4 0.3 0.3 0.05 005
o cu 0.02/0.03 0.1 0.2 0.1 0.1 0.05 002

o Mo 0.01/0.05 0.2 0.1 0.1 0.1 0.02 001

S Cl, Ni, Si /1.77,0.03, 28
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G Modified Hoagland

TABLE 5.3
Composition of a modified Hoagland nutrient solution for growing plants (Part 1)

il Volume of

B Concentration Concentration stock solution Final
B Molecular of stock of stock per liter of concentration
S Compound weight solution solution final solution Element of element
S gmol®  mM gL mL um ppm
S0 Macronutrients

SUNIIIIIIIED KNO, 101.10 1,000 101.10 6.0 N 16,000 224
oo Ca(NO,),4HO o 236.16 1,000 236.16 4.0 K 6000 235
sonmnniimniinnnn ENHH PO, 115.08 1,000 115.08 2.0 Ca 4,000 160
ppnmniEiii MeSO,.7H,O  246.48 1,000 246.49 1.0 P 2,000 62
S S 1,000 32
o Mg 1,000 24
SUUSIIIIiiiiin Source: After Epstein 1972.

ffffffffffffffffffffffffffffffffffffff Note: The macronutrients are added separately from stock solutions to prevent precipitation during preparation of the nutrient
cosnnnceeses solution. A combined stock solution 1s made up contaimning all micronutrients except iron. Iron 1s added as sodium ferric dieth-
ol ylenetriaminepentaacetate (NaFeDTPA, trade name Ciba-Geigy Sequestrene 330 Fe; see Figure 5.2); some plants, such as maize,
cocoossoneesseecoes require the higher level of iron shown in the table.

“Nickel is usually present as a contaminant of the other chemicals, so it may not need to be added explicitly. Silicon, if included,
o should be added first and the pH adjusted with HCI to prevent precipitation of the other nutrients.

....................................... PLANT PHYSIOLOGY, Fourth Edition, Table 5.3 (Part 1) © 2006 Sinauer Associates, Inc.
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TABLE 5.3

Composition of a modified Hoagland nutrient solution for growing plants (Part 2)

S Volume of R PP E SRR
s Concentration Concentration stock solution Final I
S Molecular of stock of stock per liter of concentration S
cos Compound weight solution solution final solution Element of element i
B R g mol™ mM glL? mL um ppm TR
o Micronutrients . IR
B e | 74.55 25 1.864 Cl 50 1.77 NN
ccnnnnninniiiiiiiiit HaBO, 61.83 125 0.773 B 25 0.27 TR
SITIIIIIIEEED MnSOpH0 169.01 1.0 0.169 | 2.0 Mn 20 011 mnImIII
oo ZnSO;7TH,O 28754 10 0.288 Zn 20 013 oo
S SCuS0-5H0 249.68 0.25 0.062 Cu 0.5 0.03 IR
i HoMoO, 161.97 0.25 0.040 Mo 0.5  0.05 NN
Donniiiiiiniiinn (85% MoO,) NN
conniiiiiiiiiiiiiit o NaFeDTPA 468.20 64 30.0 0.3-1.0 Fe 16.1- 1.00- NN
coosooooooooo (10% Fe) 537  3.00 B
S Source: After Epstein 1972 o
ciiiiiiiiniiiiiit Note: The macronutrients are added separately from stock solutions to prevent precipitation during preparation of the nutrient i
Colnnnnninnnn Isolution. A combined stock solution is made up containing all micronutrients except iron. Iron is added as sodium ferric dieth- | oo
ol lylenetriaminepentaacetate (NaFeDTPA, trade name Ciba-Geigy Sequestrene 330 Fe; see Figure 5.2); some plants, such as maize, | &0 00000000000
coccisseneesseecoes require the higher level of iron shown in the table. S
“Nickel is usually present as a contaminant of the other chemicals, so it may not need to be added explicitly. Silicon, if includ-
Sk ed, should be added first and the pH adjusted with HCl to prevent precipitation of the other nutrients.
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TABLE 5.3

Composition of a modified Hoagland nutrient solution for growing plants (Part 3)

Volume of
Concentration Concentration stock solution Final
Molecular of stock of stock per liter of concentration

Compound weight solution solution final solution Element of element

g mol™ mM gl mL uM ppm
Optional
NiSO,-6H,0O 262.86 0.25 0.066 2.0 Ni 0.5 0.03
Na,5i0;-9H,O0  284.20 1,000 284.20 1.0 Si 1,000 28

Source: After Epstein 1972.

Note: The macronutrients are added separately from stock solutions to prevent precipitation during preparation of the nutrient
solution. A combined stock solution is made up containing all micronutrients except iron. Iron is added as sodium ferric dieth-
- ylenetriaminepentaacetate (NaFeDTPA, trade name Ciba-Geigy Sequestrene 330 Fe; see Figure 5.2); some plants, such as maize,
- require the higher level of iron shown in the table.

[™Nickel is usually present as a contaminant of the other chemicals, so it may not need to be added explicitly. Silicon, if included,
should be added first and the pH adjusted with HCI to prevent precipitation of the other nutrients.

PLANT PHYSIOLOGY, Fourth Edition, Table 5.3 (Part 3) © 2006 Sinauer Associates, Inc.
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Radish and Lettuce
JFK Space Center

TABLE 1 Initial concentration of elements in the nutrient solutions of growth chamber
radish and lettuce from the Kennedy Space Center

Element Starter Concentration Replenishment Concentration’

NO;-N 75 mM
PO,-P 0.5 mM
K 3.0 mM
Ca 2.5 mM
g"g mM = mmol/L
Fe 135 M
B 48 uM
Mn 37 uM
Zn 6.4 pM
Cu A H uM = pmol/L
Mo 5.2uM
0.1 pM

' This solution was added to the working nutrient solution to maintain an electrical conductivity of 0.12
S.-m™. Slight adjustments in the concentrations of specific nutrients were made over the course of the

sudies: 912 $/m = 1.2 mS/cm = 1200 pS/em









FERRBEHUERANBMTEZEER

223 - ’ .{ i:: s res L
Table 3. Nutrient s composition of micro-nutrition for Swiss chard and Sweet potato
Volumes of stock solution ~ Concentration

Micro-nutnent Concentration
of stock solution per liter of final solution in system
mM mL uM
H;BO; 25 0.75 18.75
MnSO; 10/20 0.75 75115
ZnSOq 2 0.75 13
CuSOq * 5 H:0 0.5 0.75 0.375
0.75 0.375

0.5
30

(NH4)eMo0704
Fe-EDTA 40 0.75
fehA

(/): Swiss chard/Sweet potato



Home Hydroponic Garden’s Recipe

Compound g/10L

Stock A Frps — 4% NH4H,PO, 340
(Macro) v Wi Ca(NOs), + 4H,0 2080
R L 49 KNO; 1100

g/4L

Stock B T fh 4% MgSQO,.7H,0 492
(Micro) Frpadd MnSQ, . 4H,0 2.48
FRFL H;BO; 6.2

Tl 4 CuSQO, - 5H,0 0.48

B g ZnSO, - 7H,0O 1.2

4R e 4% (NH,4)sMo0,0,, - 4H,0 0.02

L 4B EDTA,Fe 8.46

add 5 ml A(Macro) and 2 ml B(micro) in 1 L of water

Bradley, P. And Tabares, C.H.M., 2000, Spreading Simplified Hydroponics - Home
Hydroponic Gardens, Global Hydroponics Network, Corvallis, OR.



Generic Hydroponic Recipe

Compound g/100L
A a4t Ca(NO;), - 4H,0 13110
R ik 4 KNO; 2557
A L4 EDTA,Fe 500
B Ak 4 KNO; 2557
Bkl 4m KH,PO, 3567
T ik 4% MgSO,.7H,0 6625
Frfadd MnSQO, . 4H,0 121
B e &F ZnSQ, - 7TH,0 11
FERL H;BO; 39
o e 4f CuS0O, * 5H,0 3
40 Fk 4% (NH,)sM0;0,, - 4H,0 1.02

Both dilute 1: 100, EC=2.5, TDS=1806
Morgan, L., 2002e, The Growing Edge 14(1) - 11.



s (solutionA

0% Iron) | -
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First Chemi®
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s s s Modified Sonneveld’s solution for lettuce

R S S Tank A Tank B
18409 CaNO3)23Hz0 51.5 g KH2POs
o 144 g NHaNOs 93.1 g MgS0s-7Hz20
1673 gKNOs *0.290g MnS0sHz0
. *3.8g10% Iron-DTPA *0.352g H3BOz

Sprint 330 or *0.023g NazMo0Os-2H20
Sequestrene 330 *0.217g ZnS0s7H20

*0.035g CuS04-5H20
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riIson o

9/100 gal = j24H| ¢/1000L = =4
100 £% > ¢/1 gal 200 % > g/5L
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B R &5 (47K)

Ca(N03)2 ° 4H20
Ca(NO3)2 - 3H20

236.088
218.088

o W 2§55 (37K)

it B i (17K)

MnSO4 - H20
MnSO, « 4H20

i B 5 (47K)
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. Management
Preparation 5
e meters

Of nUtrient e Introducing EC & pH
SOIution e Maintenance of

electrodes
e EC control

Hydroponic
pH systems

Adjustment

Literature
Review
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Item 2182 Economy pH/EC Meter
Item 2183 Replacement pH/EC Probe
Item 2110

Item 2251
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pH Scale

Acidic Basic

L

= pHis a one-time snapshot of how

v R

acid or basic your water source is REREEEE R

pH compares oxygen to hydrogen

= Alkalinity measures its long-lasting
pH effect

Alkalinity:

The abllity to neutralize acd

pH and Alkalinity are NOT the same thing!
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pH affects the plant nutrient availability and uptake!

SERSERSREIPIIR BRI ()ptim:ll p”

]

S P ) E— —— — R
B S nitrogen

ol RIS -[;;_ IT-__——

e 5
e =]
BB Ll phosphorus

Lo R _[___—T_—t__-—__
DRI Sl otassium
"""""""" S B . F_-___
s SuU ur
S | *.':_,——cm;hm———_-
..................................... iu

_____________________________________ magnesium

S S B e e R N
o gerco i DN D | S S —

== e |
S ?———--
= BN — O

o s o e R N I e

BRSO SERES copper & zinc

SRS RRSP SRR s - e— — N I I N S
................... _—: | v o e

o o 40 45 50 58 80 65 70 75 80 85

-—vig
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pH (end of strip) Sy

SO GBS B R

0 40 80 120 180 240 720
mg/L or ppm LSOOI E
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Milliequivalents = ppm total alkalinity expressed as mg CaCO,/ liter
divided by 50

WATER SOURCE RECOMMENDED RANGE LEVEL OF CONCERN

ppm=mg Milliequivalents ppm=mg Milliequivalents
CaCO,4/L CaCO;, CaCO,/L CaCO,

>120 high  >2.4 high
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= Positively proportionto o

f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:GOnfce:ﬂft:ratflfO:nf:E:O;ff:flfOn:|:ZEfd:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f: e
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= A measure of the total dissolved
solids

= Considers both essential nutrients £
and contaminants | cmhosom

" Gives you a rough estimate of your
water’s purity

* The electrical conductivity is very
commonly used for measuring the
strength of the fertilizer solution

Recirculating Systems
( Water is captured & reused)

L e N S
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Water EC Unknown risk
mS/cm

S Tap water 0.2 16.67% 20 o

- Tap water 0.1 8.3% o

RO water 0.01 0.83% . BEEa
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PARAMETERS
> 13
Nitrate Nitrogen (NO3-N) > 10
Ammonium Nitrogen (NH4-N) > 10
Phosphorus (P) > 10
Potassium (K) > 10
Calcium (Ca) >100
Magnesium (Mg) > 50
Sulfur (S) > 80
Manganese (Mn) > 1.50
Iron (Fe) > 2.00
Copper (Cu) > 0.20
Boron (B)* > 0.50
Zinc (Zn) > 0.40
Molybdenum (Mo) > 0.20
Sodium (Na) > 50
Chlorides (Cl) > 70
Fluorides (F) > 1.0
Aluminum (Al) > 1.0
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EC Hanna & Eutech =5 Truncheon ;# |[CF
mS/cm |03 ppm 0.64 ppm 0.70 ppm 0
0.1 30 ppm 64 ppm 70 ppm 1
0.2 100 ppm 128 ppm 140 ppm 2
0.3 130 ppm 192 ppm 210 ppm 3
0.4 200 ppm 256 ppm 280 ppm !
0.5 250 ppm 320 ppm 350 ppm 5
0.6 300 ppm 3584 ppm 420 ppm 6
0.7 350 ppm 448 ppm 490 ppm 7
0.8 400 ppm 512 ppm 560 ppm 2
0.9 450 ppm 576 ppm 630 ppm 9
1.0 500 ppm 040 ppm 700 ppm 10)
11 550 ppm 704 ppm 770 ppm 11
12 600 ppm 768 ppm 840 ppm 12
13 630 ppm 8§32 ppm 910 ppm 13
14 700 ppm 896 ppm 980 ppm 14
1.5 730 ppm 960 ppm 1050 ppm 15
1.6 200 ppm 1024 ppm 1120 ppm 16
1.7 850 ppm 1088 ppm 1190 ppm 17
18 900 ppm 1152 ppm 1260 ppm 12
1.9 930 ppm 1216 ppm 1330 ppm 19
20 1000 ppm 1280 ppm 1400 ppm 20
2.1 1050 ppm 1334 ppm 1470 ppm 21
22 1100 ppm 1408 ppm 1540 ppm 22
23 1150 ppm 1472 ppm 1610 ppm 23
24 1200 ppm 1536 ppm 1680 ppm 24
2.5 1250 ppm 1600 ppm 1750 ppm 25
- 2.6 1300 ppm 1664 ppm 1820 ppm 26
2.7 1350 ppm 1728 ppm 1890 ppm 2
2.8 1400 ppm 1792 ppm 1960 ppm 28
29 1450 ppm 1856 ppm 2030 ppm 29
3.0 1500 ppm 1920 ppm 2100 ppm 30
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RO water
| ROwaterneedtoaddNaOHorkoH |
| __Tapwaterneedtoadd HsPOsor HClorH,SO4 |
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T L STA' _ARD
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Nutrient
supply line
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Two water
levels control
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EC from 1000 - 12

required

4
Time elapsed, min
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pH setpoint : 5.5

10 15

Time elapsed, min



http://www.ntu.edu.tw/

| Capability of the control >dynamic |

S Change of the Culturing System o
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(y=1.115{ﬂx +0.01 ]
L R?=0.9996 J
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y = 0.8207x + 0.01
R*=10.9967
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[y=0.892x+0.01
| R?=009998 |
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Slope of EC line /L
1.1504 1.0344
089 1.334

Required quantity, no. of 2 kg boxes and total price
for 1 ton of nutrient solution@ EC=1.2 mS/cm

o boxes total NT$

1024 423 .o 41558

1524081 SRy, 2335
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Preparation pH, EC

of nutrient v
anagement

solution

Hydroponic

pH systems
Adjustment

Literature Review
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~

Not totally dissolved

5

10 15 20 25 30
TEE SRARII— A HROK TP 7 7a 8 » 2/L
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Not totally dissolved

0 2 a 6 2 10
EE AN —RHROK P 7558 - /L
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Sulphur
O —
Calcium

Ammonium

845 5,95 ©- 65 7 75 8 -85 9 ‘95,10
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I pH Value
DI:]wn Difference | Temperature
(ml) | before | after (0
02 113 6.40 0.73 2540
02 6.40 6.20 0.20 2540
02 6.20 6.00 0.20 2540
02 6.00 380 02 2550
0.2 3.80 167 0.13 26.60
02 367 337 03 23.60
02 337 3.00 037 238
02 5.00 369 131 239
02 3.69 330 0.39 26.0
0.2 330 14 0.16 26.1
02 114 297 0.17 26.1
02 297 286 0.11 26.1
02 286 278 008 26.1
02 218 272 0.06 26.1
02 212 243 027 26.2
Average
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pH Value

| pHUp Difference | Temperature | =
;
(on) hefore after (0
02 245 24 0.09 26.1
02 254 2.60 0.06 26.0
0. 2.60 2.68 0.08 239
0.2 2.68 278 0.1 259
0.2 218 2.86 0.08 239
02 2.86 296 0.1 259
02 296 3.09 0.13 239
0. 3.00 340 031 239
02 340 393 033 239
0.2 3.96 4.89 093 239
0.2 489 5.38 049 239
0.2 5.38 5.63 027 239
02 5.63 5.84 0.19 269
02 5.84 5.96 0.12 26.1
0.2 3.96 6.12 0.16 26.1
0. 6.12 6.23 0.11 26.10
0.2 6.23 6.31 0.08 26.10
02 6.31 6.40 0.09 26.2
02 6.40 1.06 0.66 26.2
Average 0.244
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educe pH

v =-0.5241x%-0.5403x+ 7
6 2 R® = 09979

o 0.2 0.4 0.6 0.8 1

8.5% 3 EE (H3PO4) A=A » ml/L



http://www.ntu.edu.tw/

v=05241x*+0.5403x
r2=0.9979

0.40 0.60
8590088 (H:PO.)RIIR » mi/L
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y=0.8281x% + 0.7960x + 5
R*=10.9938

0.3 0.4 0.5

4.0% KOH 3RIIE » ml/L
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y =0.8281x* + 0.7965x
R*=0.9988

0.3 0.4 0.5 0.6
4.0% = AALF (KOH) FIME » mi/L
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Ammonium

oy L

Nitrate
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Prepara_tion oH, EC
of nutrient

solution Management

oH Hydroponic
adjustment systems
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DFT/DWC with air pump o

RO NFT
. FaE
RER
e 4 Sl
S o CUWick
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s - DFT/DWC without air pump DFT/DV\-/(_Z-with capillary stripe

o EO esmee 00 b baE s i)
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Scallion
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........................................................................................................................................................

oo Roots are partially soaked innutrient solution



http://www.ntu.edu.tw/



http://www.ntu.edu.tw/



http://www.ntu.edu.tw/



http://www.ntu.edu.tw/

A



http://www.ntu.edu.tw/



http://www.ntu.edu.tw/



http://www.ntu.edu.tw/

Ebb & Flow System Watering Plants
Water is pumped from reservoir to control unit and
disperses o pols via tubing and gravity

L T

control system

Ebb & Flow System Draining Plants

Waler is pumped back to reservoir and waler drains from
pots via tubing and gravity

Pumpl Pump?2
@‘ ”"5—\
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Fog or Spray THE AEROPONIC SYSTEM
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2001, Kyoto, Japan
500 m?

* Production 700 plant/day | |+ Production 1000 plant/day
(TS700) | (TS1000)

~* 4employee 6 employee
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Leafy Greens
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https://youtu.be/YDQQj-WzT_U
https://www.youtube.com/watch?v=ME_rprRlmMM&t=32s
https://www.youtube.com/watch?v=1m9U-AZ98_k
https://www.aerofarms.com/
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% __:':

For Intermittent flow

Sensor required flowing
solution

«  Buffer tank required
stir/Agitating all the time to

ensure better mixing and

proper DO

For Continuous flow 149
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Preparation
of nutrient

solution Management

Hydroponic systems

pH
adjustment Literature
Review
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Final concentration of
element (ppm)

conmmniniiois Potassium nitrate (NOyT) or

conmmnmhisis s gmmonium sulfate (NH,Y) or N 50

Soniininoiine potassium nitrite (NO5)

© Potassium sulfate (K,SO,) 0.25M K
~ Magnesium sulfate (MgSO, 0.5 M Mg
~ Calciumphosphate [Ca (H,PO,),]  0.025 M ca :
Calcium sulfate (CaSO,) 0.005 M Ca
~Boricacid (H;80, 0.005 M 5
© Manganese sulfate (MnsO,) 0.005 M M
. Zincsulfate (ZnS0,) 0.005 M Zn

commenss Copper sulfate (CuSO,) 0.005 M

= Sodium molybdate (NaMoO,)
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BBl Measurements Sources of N

s s A NO; NO, NH,
~ Plantheight (cm) 1422 126 12.8b
~ Numberofleaves/plant 9.43 74¢ 8.4 b
~ Rootvascular 0.4b 1.6 1.4a
. Discoloration

~ Rootfreshwt(g) 8.1 45k 5.0
. Leaffresh wt (g) 46.1a 35.6 b 39.2ab
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NO;/NH4" Plant height ~ Number of Leaf area Yield R.C.C. ==
Ratio (cm) leaves (mm~/plant) (kg/m”) (SPAD)
100/0 12.1a 5.1a 4525.1a 2.5a 4752
75/25 17.1b 5.4b 6943 9a 4.3b 40.2a
50/50 13.2a 5.9¢ 5298.7a 3.2a 43 .9a
25/75 13.3a 5.6b 5352.0a 2.4a 46.9a

Means with a common letter are not significantly different (p<<0.05) based on the Duncan’s test.

~ Table 3. Influence of NO5/NH," ratio on nitrates, oxalates (mg/kg FW) and vitamin C
S contents (mg/100 g FW) 1n spinach

NO;/NHy" Spinach
Ratio Nitrates  Oxalates
100/0 4935.8d 4365.4¢
75/25 3978.7¢ 2913.6b
50/50 3252.3b 2518.5a
25/75 2731.3a 2536.3a
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Table 1. Effects of variation in water temperatures on leaf number of S. olearacea. Values presented are means + SE.

Leaf numbers

Treatment  Temperature (°C) Measurements taken 2 weeks Measurements taken 8 week
after transplanting after transplanting

Control 10 4.5 +0.24a 4.9 +0.21¢"

A 24 4.6 +0.34a 6.5 10.24a

B 26 4.9 +0.23a 6.4 +0.34ab

C 28 4.6 +0.19a 5.7 +0.40bc

F statistic 0.61 ns 5.91"

** = gignificant at P = 0.01. *Means followed by the same letter are not significantly different from each other at P = 0.05.

Table 2. Effects of variation in water temperatures on leaf length of S. olearacea. Values presented are means * SE.

Leaf length (mm)
Treatment  Temperature (°C) Measurements taken 2 weeks Measurements taken 8 weeks after

after transplanting transplanting
Control 10 68.3 +4 22a 280 +11.06b"
A 24 70.7 +3.23a 347 +11.2a
B 26 73.1 +3.29a 371 +9.2a

C 28 74.2 12.64a 356 +10.7a
F statistic 0.62 ns 147

*** = significant at P = 0.001. *Means followed by the same letter are not significantly different from each other at P = 0.05.
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01 Control

HA (24°C)
B (26°C)
@ C (28°C)

8
B
Q
[«
]
=
®
E
=

S 4440404040008 0000

T II

Rootfresh Shoot fresh Totalfresh
Weight (g) Weight (@) Weight (g)

Figure 1. Effects of changing water temperature on fresh weight per plants (g) of Spinacia olearacea. (A = 24°C;
B = 26°C; C = 28°C). Measurements were taken at 8 weeks after transplanting. *"Means followed by the same
letter are not significantly different from each other at P = 0.05. NS
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Leaf mineral concentration (mg/100g FW) | E

K Na Ca Pl~ a3 ol

SO 1K 34795+ 172992 276+ 1.52a | [176.79+| 54342 1.99a 1607+ 4.07a
s 12K 341.03+ 11252a 390+ 1.63a | |217.08+] 97.40a 0.78a 1687+ 2.73a i
T 14K 29979+ 163.83ab 296+ 1.13a | |237.37+]128.35a 535a 1633+ 7.42a
o 18K ! 14215+ 10940b  5.61+ 5.43a | |237.41+[186.40a | 1.58a 2291+ 24.17a i
g /| 1 S 219.17+ 70.18ab 421+ 1.02a 4 228.18+ 87.79a. 3248+ 13.18a 17.57+ 4.14a i
K concentration modified from reference to Ogawa et al., 2012.
D YMeansstandard derivation (N=1, n=5). Means followed by different letters between different K concentrations are significantly different by least significant difference (LSD) test at BN
L 5% level (p<0.05). OB
SMRRRRRLL *Sown on 08/05/2016. Seedlings were treated with 1/2 modified Hoagland solution before transplant. Seedling were transplanted to plant factory of NTU op i

s 29/05/2016 and cultivated with 1/1 K, 1/2 K, 1/4 K, 1/8K and 1/16 K of Ogawa solution for 24 days. Harvested on 15/06/2016.  coococceoees
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CW_NTU (CK) t:: NTU
CW_NTU + Mn i NTU + Mn

CW_NTU + Mo NTU + Mo
CW_NTU + M n M 0 250 300 350 400 450 300 a}sﬁmeigi [nfﬂs']o 00 750 800 50 890 NTU + M n |\/|0

RW_NTU NTU
RW_NTU + Mn NTU + Mn
RW_NTU + Mo NTU + Mo

RW_NTU + MnMo T NTU + MnMo
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_Treatment code of EXPL_|  Seedlingstage (DAS=8~14) | Maturestage (DAS=15~28) |
CW_NTU (CK) N1|E1.2 N1 |E0.6 e
CW_NTU + Mn N2 JE1.2 N2 |E0.6 e

= L1_236_H24_d182_A25_— L1 236 H16 d47 A25/20_ S
CW_NTU + Mo N3 |E1.2 N3 JE0.6 S
CW_NTU + MnMo N4 |E1.2 N4JEO6| |
RW_NTU N fE1.2 nifeos| |
RW_NTU + Mn N2JE1.2 N2 |E0.6 S
L2 232 H24 d182_ A25 L2 232 H16 d47_A25/20_ S

RW_NTU + Mo N3 |E1.2 N3 JE0.6 RS
RW_NTU + MnMo N4 [E1.2 N4 JE0.6 R

DAS=0: HO NO_EO_AZ25

Stage 1 (DAS=1~3) : L1 230 H24 d772_NO_EO A25

Stage 2 (DAS=4~7) : L1 230 H24 d772_N1_E1.2_ A25
Seedling stage (DAS =8~14) @ Lx y H24 d182 Nx E1.2 A25
Mature stage (DAS =15~28) : Lx y H16 d47 Nx EO0.6_A25/20

Nx : N: Nutrient recipe,

X: type, x=0, tap water, x=1, NTU formula, x=2, NTU + Mn, x=3, NTU + Mo, x=4, NTU + MnMo B
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DAS=282.2... ... __ ___ _ __

Treatment code of EXP1 _  Nitrate concentration (mg-kg?)
CW_NTU (CK) 78.5 +20.3 |ab 7268 + 717 ab
CW_NTU + Mn 81.6 + 18.1|ab 8003 + 541 ab
CW_NTU + Mo |  900+16.4[ab | 8336 + 1003 ab £U suggestion: 1B
CW_NTU + MnMo 72.0 +21.4|b 7913 + 295 ab -
RW_NTU 88.0 + 28.4|ab 6777+ 703 c NO; < 000 Sl
RW_NTU + Mn 75.5 +31.7|ab 7113 £ 975 abc i
RW_NTU + Mo [ 1075¢380[a | 7503 + 1141 bc
RW_NTU + MnMo 71.9 +25.7|b 7794 + 478 ab

NTU + Mo is the best recipe for shoot fresh mass

NTU + MnMo leads to biological disorder

High proportion of red light can be used

EC drop from 1.2 to 0.6 at 2 weeks before harvest does not help in
reducing nitrate concentration, which is still very high (>> 3000 ppm)
Drop of EC leads to the low shoot fresh mass.
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CW_EC-48 (1.2 for 4 weeks)

CW_EC-39 (1.2 x 3+ 0.3)

CW_EC-36 (1.2X 2 + 0.6 X 2)

| CW_EC-33 (1.2x 2 + 0.6 +0.3)

0- " 0 0
250 300 350 400 450 500 550 600 650 700 7SO0 800 850 890
Wavelength [nm]

| cW_EC-24 (1.2 + 0.6 +03x 2)

R_EC-48

9

R_EC-39 =

26

R_EC-36
R_EC-33

250 300 350 400 450 500 550 600 6?;0 700 750 800 850 890
Wavelength [nm]
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CW_EC-48 157.3+37.2]a* 16.3+3.82a 6193 +691 b
CW_EC-39 149.6 £ 33.5|ab 10.1 + 3.9 cd 4846 + 535 d
CW_EC-36 154.7 £16.1|a 13.0£3.9b 5357 + 622 cd
CW_EC-33 140.4 + 6.5|abc 12.9+0.9 bc 2271 +260e

CW_EC-24

|82.7-|_- 7.7]d |

10.9+ 1.7 bed

1 2798 +151¢ |

R_EC-48 144.2 + 6.8|abc 10.1+ 0.6 cd 7935 + 688 a
R_EC-39 126.1+ 9.2|b 9.411.9d 5782 + 846 bc
R_EC-36 133.1+ 17.6|bc 10.3 + 2.3 bed 5054 + 512 d
R_EC-33 1244+ 5.4|b 11.5 % 0.7 bed 2669 + 362 e
80.9+10.8| d__| 10.4 + 1.0 bed [ 2261+394¢ |
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{22218 : Ethylenediaminete-
traacetic acid, ferric

sodium complex
PF3, : C10H12FeN2NaO8 . 3H20
B $FE: 421.10
. 0

W(FORE | 13%
KRB : <0.1%
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Treatment codes of EXP3 LED type Nutrient Recipe
CW_NTU (CK) NTU
CW_NTU + Mo NTU + Mo
CW_NTU + Fe cw NTU + Fe
CW_NTU + MoFe NTU + MoFe
R _NTU NTU
R_NTU + Mo NTU + Mo
R_NTU + Fe R NTU + Fe
R_NTU + MoFe NTU + MoFe
 Treatments | Seedlingstage (DAS=8~14) |  Maturestage 1 (DAS=1521) |  Mature satge 2 (DAS=22728)
CW_NTU (CK) N1 _EO0.6 N1 _EO0.3
CW_NTU + Mo N2_E0.6 N2_EO.3
= L1 248 H24 d182 A25_ L1 248 H16_d47_A25/20_ L1 248 H16 d47_A25/20_
CW_NTU + Fe N3 _E0.6 N3_EO.3
CW_NTU + MoFe N4_E0.6 N4 _EO.3
R_NTU N1 _EO0.6 N1 _EO.3
R_NTU + Mo N2_EO0.6 N2_EO.3
= L2 245 H24 d182_A25_ L2 245 H16 d47_A25/20_ L2_245 H16 d47_A25/20_
R_NTU + Fe N3 EO.6 N3 EO.3
R_NTU + MoFe N4 EO.6 N4 _EO.3

Nx : Nutrient recipe type
x=0, tap water, x=1: NTU formula, x=2, NTU+Mo, x=3, NTU+Fe, x=4, NTU+MoFe
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CW_NTU (CK) 159.1+ 8.3 a~* 21.6 + 1.2 abc 3013 £ 542 a i
CW_NTU + Mo 155.5+ 6.9 ab 21.9 + 2.6 abc 2265+ 291 c
CW_NTU + Fe 165.2+7.7 a 23.1+ 1.6 abc 2271 £ 260 C
CW_NTU + MoFe 129.3+13.1e 22.0 £ 2.4 abc 2977 + 607 a
R_NTU 139.8+9.0 bc 22.7+1.9ab 2747 + 496 abc
R_NTU + Mo 135.5+ 8.9 de 19.8+ 1.6 cd 2395 + 400 bc
R_NTU + Fe 20.5 £ 1.3 bed 2669+ 362abc] |
R_NTU + MoFe 133.5+9.7 de 19.1+2.8d 2972 + 508 ab
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CW_NTU (CK)
CW NTU-D
CW_NTU-D + Fe

CW_0.125K

NTU + Fe

N, .

FE 8 % R

CW_0.5K+Ca
R_NTU

0.125K

R_NTU-D

0.5K+ Ca
NTU

R _NTU-D + Fe

NTU

R_0.125K

NTU + Fe

R_0.5K+Ca

0.125K

0.5K+ Ca
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CW_NTU (CK)

CW_ NTU-D

CW_NTU-D + Fe

L1 248 H24 d182 A25_

CW_0.125 K

CW_0.5K+Ca

N1 E1.2

N1 E0.6

L1 248 H16 d47_A25/20 |N2_E0.6

N3_E0.6

N4_E0.6

L1 248 H16_d47 A25/20

R_NTU

R_NTU-D

R_NTU-D + Fe

L2_245 H24 d182_A25_

R_0.125 K

R_0.5K+Ca

N1 E1.2

N1 _E0.6

L2_245 H16 d47_A25/20 |N2_EO0.6

L2245 H16_d47_A25/20

.......................

.........................

C:
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NTU  NTU-D NTU-D+Fe 0.125K 0.5K+Ca

PP L
icw |\
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CW_NTU (CK)

167.2+ 7.2a

15.3+7.4a

CW_ NTU-D

145.9+ 17.2 bc

13.1+4.42

122.0+12.4b

2549 + 206 ¢

131.3+ 5.1b

CW_NTU-D + Fe

157.2 + 10.8 ab

13.3+5.13a

2479 384 c

CW_0.125K

134.5+13.2 cd

14.2 £+ 0.6 a

2761727 c

129.0+ 8.8b
177.8+12.8 a

CW_0.5K+Ca

974+ 98e

10.2+29a

2744 + 268

171.8+ 9.9a |

R_NTU

142.4+ 7.7 bcd

14.4+4.3a

7834 + 254 a

R_NTU-D

130.8+ 8.3 cd

12.8+3.42

123.0+13.2b

2441+ 311 c

1245+ 10.5b

R_NTU-D + Fe

| 1375+11.7cd |

11.6+2.22a

2500+ 233 ¢

121.5+14.0b

R_0.125K

I 127.1+14.0d I

13.7+35a

3021+134c

| 1755+ 7.9a |

88.5* 6.1le

10.8+2.7a

2951+ 678 c

171.8+13.0a |
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oo Values fromeour previous study b 337 =430 342486
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Nitrate Bottom of
NH, the Plant

Ammonium T

oo moreon nutrient deficiencies
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