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Development of a Supporting System for Nutrient Solution
Management in Hydroponics

I. Fertilizer Combination and Electrical Conductivity(EC) Prediction

Son, Jung-Eek and Kim, Moon-Ki
Dept. of Agr. Eng.,, Coll. of Agr. & Life Sciences, Seoul Nat’l Univ., Suwon 441-744

Summary

The optimum management of nutrient solution needs the effective combination of fertilizers
as well as the accurate control of nutrient solution. This study was attempt to make a supporting
system for effective fertilizer combination by using computer and also to develop a EC predicting
equation for keeping the EC of solution within the allowable range after application of combined
fertilizers.

The supporting system consists of three parts : (1) data bases, (2) rules for deciding the
kinds and amounts of fertilizers and (3) main control. With input data, the main control automa-
tically constructs the network connecting the related data bases and subsequently executes the
operation of searching proper fertilizers through it. For more effective searching, fertilizers are
classified into two levels(level 1 and level 2) in consideration of solubility, price, and frequency
in use, and searched in that order.

The EC prediction equation, a extended form of the Robinson and Stroke’s theoretical equa-
tion only availabe for a binary electrolyte, is suggested for predicting the EC of the nutrient
solution containing many kinds of inorganic compounds. The comparision of predicted and
measured ECs showed good agreements with the high correlation between the predicted EC
decrement by ion interaction and the actual one(limiting EC minus measured EC).

7l 9 = luigdde, Wggud, A, AVAEEgS
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Fig.1. Schematic diagram of the system.
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Fig2. A generated relationship among 10D,
COD and NUD in deficiency of K* ion.
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Fig.3. Relationship among GRD and other data.
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Fig.4. Al+l possible alternatives with starting from
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F(K) is the heuristic function at K* ion 3
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Fig.5. Fertilizer selecting order by the system.
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KNOs = 2.26- (mefl) K = 2.00- (me/l) 0.00 (me/l)
Ca{NOs)s = 3.03- {me/l) Ca = 2.50- (mefl) 0.00 (me/l)
KHaP0, = 0.50- (me/l} Mg = 1.00- {xe/l} 0.00 (me/l)
Mg(SO.} = 1.00- (me/l) NE = 0.50- (me/l) 0.00 (me/l)
Mg(ROs}e = 0.21- (me/l) NO; = 5.50- (me/l) 0.00 (me/l)
PO, = 0.50- (ue/l) 0.00 (me/l)
S0, = 1.00- (we/l) 0.00 (me/l)
Cl = 1.00- (mg/l) 0.00 ({mg/l}
Fe = 1.00- (ng/1) 0.00 (mg/l)
Mp = 1.00- (ag/1) 0.00 {(mg/l)
Cu = 1.00- (mg/l) 0.00 (mg/l)
2a = 1.00- {mg/l) 0.00 {mg/1)
B = 1.00- {mg/l) 0.00 (mg/l)
Mo = 1.00- (mg/l) 0.00 (mg/l)

Fig.6. A final result showing the kinds and
amounts of fertilizers o be selected.

2. By ECo| o &

Fig79 (9-2)4 9] 0] 23528 & ECH4 9]
A &X (X = 2[(0.2289; - Z+0.03016)g * Z? - Al
o} FPANA AENE ¥ A ECHAA(Y
=20 Z-A)-DDIY BAE vehdg o
AT A X& Ydole 2 AY¥EA 2 13x9
275 Jehch 484 Y =1.023 X — 0042,
R2=1 oA ABAF r= 0973, EFLZ e =0.
083 °ldth.

3
3

F3

Y (mS/cm)

X (mSfcm)

Fig.7. Relation between the predicted EC
decrement by ion interaction
(X = >[(0.2289A, - Z+0.03016)g, * Z? -
AJ) and the actual one(limiting EC
minus measured EC)
(=22 -A)-HD in equation
(9-2).

Table 19] ZAX e AESXE vmg Aot}
Q7A, AF 1~45 AFT vFgeln, 5~62 A
ko2 BtE Folth. AR dFAAolde B
YXE VEET
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EMEERFBE(ELE H189H)

o] A%z FE, MFAT 2L AFFY Y=
FE&ho BA A EC AFHL, 137 3

FESFEdd e o]&3 e ZHE E Robinson
and Strokes®] &, A FFY FFE o] =LY

Table 1. Comparision of the measured EC(f,) and the predicted EC(f,) at 25C. Samples 1~4
are collected from the real culture beds and samples 5~6 made with reagents.

Ton concentration (me/£) EC(ms/cm)
Samples
K* o M NE' MNa©  NO; SOF POF O | f £
1 340 5.18 292 0.12 0.70 8.00 234 1.39 0.09 140 1.47
2 3.66 6.18 3.62 0.08 0.96 10.76 4.02 225 0.10 1.86 1.88
3 5.01 6.80 3.84 093 1.29 12.59 5.06 334 0.12 215 2.28
4 5.65 7.18 4.10 1.18 1.74 14.22 5.31 332 0.12 243 2.58
5 5.82 5.90 5.75 1.42 11.78 7.22 8.56 140 5.00 2.63 2.85
6 17.68 5.88 17.27 3.80 5.66 23.54 17.27 11.39 5.66 5.08 5.86
et AL F Ae dvF 39 HedE A GAeEe, WA kEL A wFAui e

Astsie,

TE FRY 480 4T AYY ¥ E THE
2o 3AE ECY d2¢ ANNE, 0181 ¥
Aol 9% ECY) Za¥E BE AU A7
gaste,

w2 BN

A2, Bl A AFE 248 TFE 2o}
A4 AFHez ANEHa 9u, F3) WFYY @
Y% 3 o9E ohith HAE MAARYS T 2
24 E§HQ MFd B} bl Hn, AFE
o 9% WFABYst §3 EeHe] €k EY,
WFde HYE, FR(EC)Y dZe] FHsairid
ARl ECY) S8 0AE DEFE 271 2RY
% 3171 W) Wgdeelol fastch MebA o
d¢ 24¢ st NFABAS AT WA
gAY 2 EC A59HE Agdrh
2 Axde, delehiels, WYduge A%
reY BATHR QEEFES EPsE Aoy
o2 5o Yok A2 AH4AVL BaE s %
e 2A57) Asted, AeolEt ¥ Ho]
Epol o] SJalA ol &7t MENZE TS, B4
FH el maka) WA S AN G 71 ¥
29 §3E, & L ASUNEL Dejsed, ALgTts
WEge AAF, o] MEdE A 2379 MEY
Ckas kwdoz FEsN ARsE o=
At

r\l

Hr d

APEta, Heo|o A v A& KiE2d] o
A viFAul g ATt FFHAE Fe o2
o tislA] HFRUE APF} ol ) 9
;A B&AHQA viFAui o] 7HedA HA o
2 FE9 EXolv ASdAd WE HHE wick
Az FZdolety F7t, Fxdolge 4L
A% F3o 1x3Fo| s

E§ ujgds e deFFe FFE 5894
T A AAIE EC dE54L, 1TFY SFEFEY
o i3t o3l ZHE £ Robinson and Stro-
kes?] 28, dEFo AFEY FLd tito
ALE 7HE3tEE &% Aol o] 235 R4 9
g ECHaY &K 9 AAe ZA(SHA7A
EE-2AE A7|AE) o AYAAE Fuste
S XA S B, 93 3 M5 E Al
APt FF, GE THY LY iy FFA

HE TES 2o} AAS ECY 458 93Ms,
o] 22te] FZxAEo] 2§ ECY TAFE BF
AL A7t dasirh
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