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B33 [mgl (x = Ca, K, NO3, NHy, Mg, P)
=¥ 5% [mg/L] (x = Ca, K, NO3, NH4, Mg, P)
A=(ASE) o2 SA% dA oFd o o]&% % [mg/L]

W =74 E**—"— Foll A A 7 ol FE [me/l] (x =
Ca, K, NOs, NH4, Mg, P)

Vigrget = BN E3tel T 0] 53 9] [Liter]

Veurrent = @A gl Z+ed=a2] 9] [Liter]

Azeolo] we ng p_%——% 13y 9 nE AL Aga
wk Abgehs HZe] wE wEaks AAjs 2o okl A %o AL&E
= onEds5e oA dAFagRe] Holw 27 ojabe o]eg wastm
Qe ow NE HES Hoas EREie Loas] Hede =96
= oujo ojeh weba] Aolahs A o] 2 Se] S Ao Tol oW
oles AuHoT Eugre] TASHA T T2 oA Abde] LA
9= TFolopstn] M%) W2 JAAYUE RAS ALgs|A] A28
B 02 F%S AEsor k. JAAAYE RES B Hxsd
A oleSe] wE oo AW AR ufgow AW uwe
BE5o 2ol Aoj2a 4 otk AEn B A Eqle Hyxo %
N7e Aojsor AEad oy Eq.(2-2)& o] &ate] /W wa =
o] Mo A% A7+ AZair}
M,

P, T <D, Eq.(2—2)
7] 4]
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P, = 9% BES % Bxo AEA|THs]

sztock solution x — Ql_}\i 'Zl‘?:]?:’j.— E—E‘ 7Ht£ H]-‘?f—oivo/] 'El‘?:]%]:[L]
T e}

Mg equirea > 07

Mgs0,°7H,0 injection (final) : MgS0,"7H,0 injection (final) :
Mg cquired X MgS0,'7H,0 [

NH4 required >0?

NH,H,PO, injection : NH,H,PO, injection (final) :
NHaregureg X NH;H;POL/NH, 0

H.PO, > H.PO .2 ‘r NH,H,PO, injection (final2) : ]
2P0, > HyPO; required ?

1L NHa rgureg X NHGH,PO,/NH,

[ NH,H,PO, reduction : ] A

H,PO, 1. X NH,H,PO,/H,PO, KH,PO, injection (final2) : 1.
H,PO,4 requreaz X KH,PO/H,PO, |7

NH,H,PO, injection (final2) :
NH, require X NHgH,PO,/NH, —
H,PO, er X NH,H,PO,/H,PO,

K ime:t:d> K required ?

A

KH,PO, reduction:
K 5.0 X KH,PO,/K
KH,PO, injection (finall) : v v
H;PO, sz X 'l‘(:ﬂ';g 0;/ H,PO,— KH,PO, injection (final1): KNO, injection(finall):
owrX KH,POL H3PO4 requireaz X KHzPOL/H,PO, K raquirea2 X KNO,/K
€8 targer” €@ measurea ? <
Ca(NO,),"4H,0 injection (finall) : €a(NO,),"4H,0 injection (final1) :
€2 roquiea X Ca(NO;),'4H,0 /Ca o
NO; jrjected™ NO3
l i required? i
KNO; injection (final1) : NH,NO, injection (final1) : NH,NO, injection (final1) : K,SO, injection (final1) :
NO, required,2 x KNO,/NO, 0 NHy requireq.s X NHaNO;/NO, 0

K,SO, injection (final1) :
Krequired,3 x K,5S0,/K

Figure 2.1 Decision tree model for calculating the amounts of fertilizer salts to

be replenished - developed by Cho(2020)
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2.2 o] AaA A= FFdd

Craggs et al.(1974)¢] Poly—vinyl chloride (PVC) ¥ €j2]
A A= RSt olg] aFAF uhE o] &3 S o] HAEA A
I A7k FalEgtth PVC =2 A9
=, TEHHS T 22 o8 dH 9 ol 4894
AR Holn, Alx W ALY folsto] o] #Ale o
o] Ay " dukx o=w PVCe 2 1A A A A (matrix), &
g ol&el FHeete] Ast EEE fFEske ol AgA
(ionophore) 181 7}AA| (plasticizer) & o] Fo]& oy o]=
3] Z3teto] o]28] AHA ARE FRlst=d A F Sl
o] A=A AH= v d$A(membrane potentia) & FA3st= W

=
Z F8d ¢ o o]l= Eq.(2—-5) 9 Nerstian #2072 T3
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E=E, + logla,] Eq.(2-5)

171~

E = Cell potential(mV)

E, = Cell constant(mV)

Ideal gas constant(= 8.314 .J/mol - K)

R
T

Temperatrue(K)

F = Faraday constant(= 9.65x10* ¢/ faraday)

7, = Charge nubmer of response ion

a; = Activity of response ion

9 AE oA ole MEy A=el wds W o)
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o9 e A a0 wEsh 10W WPl weh ogHow
0.05916[V]e] v el WstE Helth

q
o]l (Nicolsky—Eisenman) WA 2 el & 3t}
EMF= Eo+E,7+Slog[ai+fo;‘j(@j)wzj] Eq.(2-6)
o] 7] A

E, = Standard potential (mV)
E; = liquid junction potential (mV)
S = Nernstian slope (theoretically, 59.16/z; mV/decade)

. = activity of primary ion (M)

e

= activity of interfering ion (M)

S

Z, = Charge of primary ion (M)

Z; = Charge of interfering ion (M)

K;; = Selectivity coefficient

olgfst & 7Hxl o] MY IS AFESHH o] AYAd d=o]
WEehs o AdE EWE &9 54 o9 5 5% 7 3
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lon-selective
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Figure 2.2 Schematic diagram of using an ion—selective electrode
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Figure 3.1 Water circulation diagram of closed hydroponics
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W= 1" 5485 B2 W ol& v% 547 [mg/L] 0 = NOs, K,
Ca, NHy4, Mg, P)
Er = 29 5987 ®¥a W ol s% 54% [mg/L] 0 = NOj, K,
Ca, NHy4, Mg, P)
R= 39 w985 ¥a Y ol s% 54% [mg/L] 0 = NOj, K,
Ca, NHy4, Mg, P)

Vi = & =3 93 53 9 [L]
Ve = oF =3t '3 dA 59 [L]
a, b, ¢~ n =72 45 =3 vl&

Ea.(3-2)= 2 /1] #AEFE G & &ael A=A u
g HEEAY FaE vk olF AddATelA Xﬂ/\ls“ﬂ Y=
Eq.(3=2)° ofsf Aitd A o259 BE A «Wﬁﬂ”r-r
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171 A
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. me(Vm,,g;— Vrrent) B (3-)
o1 71 A

P, = MZFda BEs 98k F29 AFA 7S]

Co = "FLL T Aojelzt

Dn = BX9 2 EEF[L/s]

G RE Aotk 54 BE ug b Fog
FUFL E0.B3-5)F ol §dte] Al@ + Arh. ¥ Ea.(3-5)F A
g3to] BFol A& AFEY ALE &S APt A5 BF
Fo FUS AT F Uk HFFY FUFS BE FelA AR
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P,, = Viorges = V”E;’r; :L%:>V;togj;mmm -V, .

Eq.(3-5)
1714
x = Ca(NO3), - 4H,O, KH,PO,, NH;H,PO;, KNOj; NH;NOs,
MgSO0, - 7TH,0, &2 K,S0,
P, = 5 BFS 93 2] At s] (FZ WE 1,2 - n)
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NH,—NOj3, Mg—Ca, P—-NO3z& 77|
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Figure 3.2 Operational

multiple water sources

sequence of ion—specific nutrient management using
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Figure 3.3 Changes in sodium ion—selective electrode current due during one

hour
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Figure 3.4 EMF change of a NOj3~ ion—selective electrode after immersing into

a nutrient solution
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Uhekst Q5 BEg Soto] oo vy =82 A AN ko e
s SRl
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= Modified Sensitivity
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Compensation = (EMF X ratio)+offset

Figure 3.5 Schematic diagram of the two—point normalization method used to

analyze multiple water sources (Kim 2013)
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3.3. g ol 7IHk <49 FE A ALFH HA

3.3.1 o] e A FH|

Table 3.1 Chemical composition of the NO3~ and K" ISE membranes fabricated

in this study
NO5 K"
Composition Composition
Component Reagent” P Reagent” P
(Wi%") (Wt%")
lonophore TDDA 4.0 Valinomycin 2.0
Plasticizer NPOE 67.75 Dos(Bis) 64.7
Matrix PVC 28.25 PVC 32.8
Additive - KTpCIPB 0.5
) 0.01M NaNO; + 0.01M
Inner solution 0.0IM KC1
NaCl
B QT ol RS Ad 2ot BUEF ) AN, 2
H, 193 ZE ol v& S4e fdE A8 ol Fiol wel Aol
T AGE WANTIE o]& HuA AZE AU ow 2H oL A

=
214 A= (Orion 9320BN, Thermo Fisher Scientific, USA) S &&=
BEAFE olgsda WA AFe Hdd AT A (Kim et al,
2006) AAeE WA ZE A4 2.5mm PVC(poly vinyl chloride) 1%
ZF v (Fig. 3.6)° Z2+& A7 &4 =4 (Table 3.1)& =33 & A=
24 (Fig. 3.6) THEF (tertrahydrofuran) & -2}slo] AFE3}it). A
Zhgk o] YA A= uF JlE A= Ag/AgCl Y= (Model
01164, ALS, Japan)E& X¥3 A5 Imm >4 (Model 265,594,
Sigma Aldrich, USA)& AH&sIith. A= Az § Aadd 9 245 A
= &A= 27 0.01M NaNO; + 0.01M NaCl¥} 0.01M KCl € o=
AR A= HHEE Qe sLd &l 611 EE FH A
o} Fig. 3.6% o] 7z} A=& ool FH= stye] A8 7+ A=
(Orion 900200, Thermo Fisher Scientific, USA) ¥} AA3s}e] o™
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Figure 3.6 Images of ion—selective membrane (left), NO3;~, K", and Na*

ion—selective electrode body (right)

3.3.2 UF 3 FHAE AAE A

theFst § Ul NO3~, K¥, Ca®" %% 543t /ME oS
E%g}.l: Fig 3794 /\184 ;g-i]_e_ ;ﬂ]XPé]-oﬂ 1
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technique) «32 SAAN P2 oZ 3059 ZdA 4
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HZ5E2 AAsts 95 93, 728 59 negs 23sts o &3
9, BRas 2FS 9% 77449 A8 nEd 2

g 109 & o, ISE AA oj#lo] (Fig. 3.8),
LOW-HIGH A dleld 9, 429 F4e fEa/] 1% LED
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J&"
Kl
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>
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kS Table 3.2¢} 7t}
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Figure 3.7 Front view (top) and side view (bottom) of the multi—source

ion—specific management system
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Table 3.2 List of main components

Component Model
Main Control System Raspberry Pi 3 Model B, Raspberry Pi Foundation, England
Sample Chamber A chamber of Poly(methyl methacrylate), Megascience, S. Korea
Water replenishing pump / sampling pump SR10/50, ASF THOMAS, Germany
Stock solution replenishing pump Boxer 15QQ, Boxer Pump, Germany
Water-Level Sensor EchoPod UGO1, Flowline Inc., USA
Mixing Tank 55 L nutrient solution mixing tank
Relay 8-Channel relay, Ningbo Songle Relay Co.,ltd, China
ISE Filter Sallen Key Filter, Labmade
ADC converter AD712JN, Analog Devices Inc. USA
LED light bar SL-310 RGB LED lamp, STECH LED Co., S. Korea

gtz oto] Qlt= ®BE=e] GPIOo| Hdolg AAste] A%F
3 (Boxer_15QQ, Boxer Pump, Germany)Z& A
%7]?} tha okl Aol AAEle] ThEE Y. A
Fig. 3.29] tp & Alo] Al AA7E FsEom MED, FET, €
T HFTES AT okad e HMELHE LA
NO;~, K, 2831 Ca*" o] Aded d=e] vdg 574
v ol gt=wgto]li= ADC #WE{e} SPI FA1&3te] 100kHzE 1}
ALE FAsAT AHeE AEHE vl dolHE A8t His
WS R mEe e At vds Wl i ol sk S &8
stk w3k A58 IS =ol7] &l 23 sallen—key 93 A~2
B & 4 &sto] o]z A A AFE-st3T.

\\‘/’--

N Ca ISEs X 2
‘
‘kk y
\ | wr? }l

Na ISE PVC membrane Lab made
I I I NO, ISE PVC membrane Lab made
KISE PVC memb Lab mad

A7 Ay ‘I
< - v embrane ab made
\ ,’/ 4 1 Calcium ISE: Orion VC membrane ermo Fisher, USA
) 1 Icium ISE PVC memb Thermo Fish
/ | f 9920NB
s \ Reference | Reference Electrodes: | Double junction Thermo Fisher, USA
17 ¢ JunctionX 1

8}
m -

Orion 900200 electrodes

Figure 3.8 An array of ion—selective electrodes immersed in sampling chamber

(left), and specification of ISE used in the experiment (right)
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Table 3.3 Concentration of the stock solution used for nutrient replenishment

No. Stock solution Concentration (mg/L)

® Ca(NOs3),4H,0 70,864

@ KH,PO, 30,350

® NH4HPO4 75,074

@ KNO3 24,169

® NH4NO; 40417

® MgSO47H,0 32,986

@) K2SO4 52,531

® Micronutrient (Fe-EDTA, H3BOs;, MnCl,-4H,0, 400 times concentrated Hoagland solution
® ZnS0,4-7H,0, CuSO,45H,0, Na,Mo00,-2H,0) (Hoagland and Arnon, 1950)

A HBETE 98kl AR 8719 s HlE 92 Table 3.39
B2 FuEch olu AW MEGY FEE AHEEE A% Px
29 EE3L aelstel Fulsolof Atk EEFo] A AFHL U
e s VP vEdEs AREskH B 2l e Algte] A9
o Fogjof gty & AFelM AREE A HEZe 1ml/s o BEEE
S b sy

mputo g AAd AFe gds £ 4R RUHAS 99
Table 3451 AR4E BT o sl e ABAE i)
of F 74 the AFANAE Mxd ke #3925 eA FU5

it

Table 3.4 Regression equations used for NO;~, K*, and Ca?' ion concentration

measurement
Ion Regression Equation R?
NOs~ Y = —0.041log X + 0.8406 0.95
Y = —0.046log X + 1.2392 0.95
K* Y = 0.046log X + 1.1404 0.98
Y = 0.034log X + 0.9811 0.98
Ca®* Y = —0.036log X + 1.6711 0.94
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3.4 T ol I ¥ 3 Bl Nad AF
3.4.1 Stepwise management test

2ol A Alwl Al Fe A AFEE A Ao HE W o=
BE du8FY agAds ASsH] Yal A Aol (Jung et al,
2015; Cho et al., 2017) AAs GdAE

2] A ¥ (stepwise
management test) S F3FTE GAE Fy] AL FA 23 HF
W 9@ ¢ NO3~, K, Ca?fe % ol 555 o=z HIA7|H

®
ofo
B
i

fo

o
ol
2

A &gk A|~'lo] A H3E(Table 3.5)¢] %A o

F e AxT F 9bA AEAE Yol

Table 3.5 Target concentration of nutrient solution to be spiked in the

four—step validation

Target ion concentration (mg/L)

Step NO;~ K* Ca2t
(A) B (A) B) (A) B)
Tnitial 434.0 4340 117.29 117.3 105.3  80.2
1% step 347.2 550 93 200 80 150
2" step 480 600 130 250 90 200
3 step 530 650 160 300 110 250
4% step 580 700 190 350 140 300

oluf Fig. 3.29 && TAE thdF o] 7|§F gt g g
o] ZAF3A o Fig. 3.9(top) 1383 Fig. 3.9 (bottom) 3} 70|
N Azl AMESHE &5 VM E WHIAATI AES ST
5 w487 d LOWSE HIGH ZAg]Bo]ld £
A% FIZZ FYUAA ISE A= A3 E A I 2
N &3 v, wo W3 a8y 94 BAe &5 MEHske] 7t
3 u F99] dAl NOs~, K¥, Ca** s=5 533kdth

11 © 1] 3
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Figure 3.9 Schematic diagram of the stepwise management test :

Growing Bed
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Measurement-Control System

test done by

mixing three different source of water (top), and four source of water

(bottom)
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1= AA o]-oﬂoﬂil FHA AdeM = Fig. 39(bottom) HH , 19
T, 28l Ao vlEE 312558 T WA v o] 7]‘%‘} g
Ad= B4 5330S Fd Al 2% (root mean square error,
RMSE) & Ao o #e] d5< F7HH(Eq. 3-6).

RMSE = Z(pred —target) Eq.

1*1

(3—-6)

A AR A g Ay A T S =3 B W EC9 pH
WH3ls g 2 #47](Orion VersaStar Pro, Thermo Fisher
Scientific, USA)e EC A=(011510MD, Thermo Fisher Scientific,
USA) %} pH A=(8107UWMMD, Thermo Fisher Scientific, USA) <
AAdste] S48kt

3.4.2 THAF ol & 71t FA AAF 0§ A
Thy o2 vpubal 32 FAA B0z AFAmE sy

A JNbsk AlAEIS]l FT7I7E o] HE fA Aes sk AES
14943 Al T 3079 =l AF S v Zju] w =
AEAFHE(25%25%26mm) & o&3f A2 sla 3 AR HACwR
SFNE FHSUTE RGB £33S 7|EFow AHAAslon FF7=
12()/12(H A F712 Aelsialt. ¢ &3 83 U 5% 55+
NOs~, K* Ca®?" Z}7} 434mg/L, 117mg/L, 80mg/LeE 1 AP 1
ool B0 ¥ St 20LE AU SN WA Hx F97)

_ 35 _ "':r“‘E _k:i_ -I_-]i



10L o]st= wtolx]¥ Fig. 3.29] thd o] 7|Hk okl 3e] ¢are
S AFow Agste] FN A E AASA T

N

3.43 TdF ol& Jwt A AAF o§ EnE
S84 SAAN % 2

Mt ol o] IR FH A AELE @HEHT| e Al El
o g sto] oFMAo] 71 E A&ty (Fig. 3.11) HE 2 & REx dyg=
o] &84S AFE] gl g AT dAE #Ag A (stepwise

management test) = X3 @A #H A A= vhHAE
gl &3 B U @) NOy~, K¥, Ca*'e] Hx o] F%E ¢
o2 WPAIZIH @ty AELY] FdA o7 ©As dae]Fol
WA H3E(Table 3.6)° BHAl o2 &E st dds Axd

T A Asadnh mRIAA R AR kefAlel7]= Fig. 3.29F &
= TAE TS ol YNk o e daEFe] Awstglon §
ey, i el g s Yes ws ARgSte] el Az
AAE AP A T WA, g, e, FRes EREslaL o
A Al g, e, aRan e E Eekdvh 7F g9 o]
FEE BAS] A vk R LOWSt HIGH BB #eld §olg of
A8 Aue] A% IR FYAA ISE A5 A5E BASGII
=3t WA, o WA, A WA, $F A9 55 AELse] 74 |

m

A W &4 #A NOs~, K7, Ca*" $&E5 548t $5% Fig.

3.10% o] $5 FFAAE o] §ato] WobE S4B A§EH

A
OF 7 85 4UE UNIOR BE B9 BE ol ¥EE
2E FAg zANEE VLY &5 U @ FUBL AL P9 £
U Ne%s FASAG, CAY s oL n Bel Ao
=]
RUs

Ak B3EZFS Hk AlF2 22 (root mean square error,
A O

2 oFd #g 5SS H7PtH(Eq. 3-6).
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Figure 3.10 Rainwater collecting device installed next to experimental

greenhouse.

e
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Figure 3.11 Schematic diagram of the evaluation test done while growing

cherry tomato
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Table 3.6 Target concentration of nutrient solution to be spiked in the

four—step validation test

Step

Initial
15t step
2" step
3 step
4% step

Target ion concentration

NO3~
133.0
220
350
450
550

K+
210.0
250
280
310
340

(mg/L)
Ca2+
45.3
50
70
90
110
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3.5.1 JEF o] MulA AZ A

Na® o]2& =387 93t ol AeAd v Cadogan et al.
(1992)0] AAIE el we} 27F4] W o® AzE gtk Table 3.7
S F A9 g UEF ole Aux weo A AES el
NO;~, Z28]ar K'Y A=9 A& FdatA PVC Ak AA A =
¥ 3lstEdo] THF €9% 2mL E§ste] 2423 AF2AZ H o)
A gAS AY Na A= AZs3.

Table 3.7 Chemical composition of two different sodium ion selective

membranes
Na' (1) Na' (2)
Sodium Ionophore X Sodium Ionophore X
Ionophore
0.7wt%, 1.4mg 1.0wt%, 2.0mg
L NPOE DOS
Plasticizer
66.1wt%, 127.1ul 65.7wt%, 143.8ul
. PVC PVC
Matrix/polymer
33.0wt%, 66.0mg 32.85wt%, 65.7mg
. KTpCIPhB NaTFPB
Additive
0.2wt%, 0.4mg 0.45wt%, 0.9mg
Inner &
L 0.01M NacCl
Conditioning
Dissolved in THF (tetrahydrofuran) 2mL

0,

3.5.2 Na A9 EFELY AFSH H5 F7t
AZE T AN JEF ol& HEy A& ol gelel 6.17,

-39 - pa _" 'I



15.99, 100.33, 280.09, 547.10, 1835.06mg/Le] s%E 7Fxl 6714

[€)
g0 BT dFehs PHOR AT GEF ol Auy Ao 3
@

gy A5 =% 1
&% LOWSH HIGH €9
26.60 mg/L, HIGHE %2 200.

85
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Table 3.8 Concentrations of standard solution used for validation of two

different types of sodium ion—selective electrodes

1 2 3 4 5 6
Na" (mg/L) 6.17 15.99 100.33 280.09 547.10 1835.06

A% FUA AeEdsta 35 @ nd2de weE
nhE EE SN Y =S FFela 169 Fot v o U4E
FoEEE L JEF ol Aud d=om RyHYss 489E A
Aakolct ojw %Y A xo] AHET Aol Na % ko] wi¢ o
F71 wimel i vk REUEHES 9l Jd9He® NaCls g3 &
gate] 7] YEE ¥5E 46mg/LE At 1 F 8UzF NaCl
2718 7b 188mg/l. 744 QAo ZIIAA UEH oL AHuA
A9 whgAS st A3 99 Aoz v dFE BFatho]
B3R %

1

e}
) HEF FE WE e ARG
Mol U UEF olee mUHZsY] 98 Qo muUEY
AzEle] 9g e Figure 3123} o] Fstglrh Qut= wEql g
2 Abgste] ADC AWHE Ed Solot HEF oL
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NEatel 24 Airs M Ba W i U

A
=

Ay A e 19 138 HoR MEYHUoH o
SAPIEEA AN A 9 44 Aol 5
4 Aggt JEF BUEY F0E wwstgk olu A ol A
H AT eAs 54 FALEa3-6) AHgetel AFe =
Brhstoieh e rRAR AGE 4GS GEF 4R RUHZS 9
3 Table 3.99 #FNE ol g5

Y—X
X

%D- L3

ji=1

); X 100 Eq.(3—6)

1714
i pRA AAEE, nn S 3
X: 7[NS SA%, YA

A

] Hl—lﬁ

j=e]

v

g Bk

Table 3.9 Regression equation used for Na ion concentration measurement

Ion Regression Equation R?

Na Y = 0.0255log X + 0.9802 0.98
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Figure 3.12 Na ion monitoring system applied to cherry tomato growing site
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. Na-selective
membrane

Figure 3.13 Sodium selective membrane (left), and lab—made sodium

ion—selective electrodes (right)
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Figure 4.1 Stepwise management performance of the developed system: above
graphs show the difference between target ion concentrations and actual

concentrations obtained after mixing three different solutions
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Figure 4.2 Stepwise management performance of the developed system: above
graphs show the difference between target ion concentrations and ion

concentrations measured by ISEs after mixing four different solutions
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Table 4.1 Analysis of water sources used in stepwise test

Measurement Units Drainage Water Water 1 Water 2

NOy 231.2 22.6 10.3

K' (mgL™) 59.0 9.1 32

Ca” 65.4 23.9 235
T uES St AR wan A5 $7 ®4 Aae
Table 4.1¢] #ANAI=ATE A &gt A Adlo] thekst Ao & 1y
ol gel: S 5 A s Fig 4.3 WA
e AF Al o] MYy Ao ZA 7 &4 U ol vE9 %
= B4 7179 SRS 11 dEd Avelth 3744 £R ol M
A AS B Lol AR VlevlE Bilew ARASTE 0.92 o)t ow
FS AEAol gk 54 M9l NOs-, K, Ca®" o] degA
Ao Hd Aw A= 247 RMSE  43.6mg/L, 11.5mg/L,

)
deplon ole duy Aol thel
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Table 4.2 Amounts of each stock solution injected by decision—tree method for the first stepwise management test

Injected salts (mg)

Ca(N03)2° MgSO4°

Step AH,0 KNO3 NHsNOs | KH2PO4 | NH4H2PO4 7H,0 K2S04 Sub—Total
15t 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2nd 0.0 2068.0 0.6 0.0 1102.2 0.0 0.0 3170.2
3 404.2 795.3 613.6 0.0 29.9 377.3 0.0 2220.3
4t 5788.3 0.0 0.0 0.0 0.0 5614.3 4217.8 15620.4
Sub= 6192.5 2863.3 613.6 0.0 1132.1 5991.6 4217.8

Total

Overall o

Total Total salts injected: 21010.9(mg) = 21.011 gram

_50_
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Calcium concentrationsdetermined by ISE (mg L")
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4.4 Water replenishment performance of stepwise management test mixing

three different sources, target vs. water flow sensor value
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Figure 4.5 EC variations in the first stepwise management test determined by

commercial EC sensor
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Figure 4.6 Changes in pH in the first stepwise management test determined by

commercial pH sensor
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Figure 4.10 Changes in pH in the long—term lettuce growing test determined

by commercial pH sensor
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Table 4.5 Data format saved in big data platform

Low NUT HIGH mg/L
Date ISE Ratio Offset Compensation
(EMF) (EMF) (EMF) (Predicted Value)

8/4
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8/4 -0.34
/40 NO; 1745 1902 1925 422482 1391 0.732
11:40 7
S0 K 1442 1438 1337 180892 0651  0.163 1.099
8/4 -0.20
4 Na 1938 1877 1816 41,955 14 1022
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Abstract

Closed Hydroponic Nutrient
Solution Management Using

Multiple Water Sources

JooShin Kim
Department of Biosystems Engineering
The Graduate School

Seoul National Univer_sity

A properly ion-balanced nutrient solution is vital for plant
growth. However, when reusing a nutrient solution, the nutrient
balance i1s likely to fluctuate and become unsuitable for irrigation.
Furthermore, unwanted substances like sodium accumulation can be
occurred. Ionic imbalance problems that cause plant growth disorders
in nutrient solutions can be minimized if the nutrient concentration of
the various water sources can be determined and considered when
making the nutrient solution. Sodium accumulation can also be
controlled if it is monitored in situ. In this study, a closed
hydroponics nutrient management algorithm for multiple water
sources was developed. And sodium ion monitoring system was

implemented. To this end, a nutrient solution controller composed of
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nitrogen, potassium, calcium, and sodium ion selective electrodes and
8 individual fertilizer stocks was constructed to grow crops In a
closed hydroponic method. Performance tests were conducted by
verifying the developed system’s ability to maintain NOs;, K, and
Ca®" ion concentrations at their target values and by monitoring
sodium ion concentration at drainage water and discharging it at its
critical concentration. As the results of this study, it was observed
that NOs;, K', and Ca®" ion concentration of nutrient solution could be
controlled when mixing multiple water sources and sodium ion
concentration could be controlled by monitoring and discharging the

drainage water.

keywords : Nutriculture, Ion-specific nutrient solution
management, lon-selective electrodes, Precision nutrient solution
supply, Sodium accumulation management
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