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Abstract: This experiment was performed to develop a model for nutrition ion concentration and EC in regard to change in
pH from 4.0 to 8.0 in nutrient solution. The pH changes according to the variation of HPO,” and H,PO, in the nutrient solution
while variation of EC increased from pH 4.0 to 5.0, stabilized from pH 5.0 to 7.0 and increased again from pH 7.0 to 8.0.
For the variance of major elements in the nutrient solution, K, Ca, N and P increased while pH was higher, especially the variables
for K and P were increased largely. On the other hand, variables of Mg and S were stable. Based on analysis of the ion balance
model of nutrient solution, the cation increased than anion over rising the variation of pH while balance point of ion moved
from a-side to d-side. In addition, the imbalance increased while it moved away from the EC centerline as variance of pH increased.
It was larger than effect of EC variance to correction values of equivalence ratios of K and Ca about variation of HPO,” and
H,PO, while as variance of pH increased, K decreased but Ca increased. These showed the result that variance of pH about
correction values of equivalence ratios of K and Ca gave a second-degree polynomial model rating of 0.97. Through this research,
it was identified the pH variable model about variance among pH, ion and EC according to gradient of phosphate.
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=0 £reh(Rush, 2005). vjoFel Wj pH= H'ZF OH 9] 5k
of what 004 14712 9] k& Vrebd=tll, pHO| Bish= F
7] o] 9] gallket 20| YUY Tl F FFE =
(Trejo-Téllez and Gémez-Merino, 2012). vjF U] pH H3}o)|
= NH;/NH; 2] S1(De Rijck and Schrevens, 1999), NO;/NO,
o] Jul(De Rijck and Schrevens, 1998), HPO, /H,POy 2] -
Hl(Dysko et al., 2008), %Fo]- 21} SO, @ C1°9] F1ul(De Rijek
and Schrevens, 1998), K'9} Ca™7+o] &1F H|&(Steiner, 1961)
So] JF& Frh o] FolA] ujeFe pHel wel HPO, 2}
H:POs 9] 3] Fwrt th2 A veptr] wiiol QUi o] 3
] ¥slol F&Eate] F7] o] = sElof digl Aol A
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L=t (Steiner, 1984). vljoFol pH 5.00) 4 HPO4 7} A 9]
RS RS G pH7E A5l wet HPO, 7} S71s)
I HoPO; 7} Zasgie). ujorel pH 7.3 4 HPO, 9} HoPOS
7} FHE oSl pH7t S A3l Hlof pH 10.00]
A 8PE HPO,27F 100%9] o] 27 EthTrejo-Téllez and
Goémez-Merino, 2012). Wk HPO, 9} HoPO, 0] H& W
S} afjkel W ohelRt pH el gake =1 o] = <lsfl pH
2y Aol ZQ35tHDe Rijck and Schrevens, 1997).

ol2fgt vt W pH W3l= 2H=0) F7]ol2 9} o]
< W2 FI A TS FA ek ol2w @ 2 F(ion
balance model; IBM)-2 vjoFol ] o]29] slaFu]&1} EC2)
wlsl 549 Rulon TIslo] ool La Solee] ghap
WisHE B ECO] wislel ol o) 4skickSoh and Lee,
2012). wehx 2 A= kel W) HPO, 9} H,POs 2 ek
H|& Hslo] ofsf o] 23} ECO| Wgke F7gsto] vyl
pHS] ®S}of| o3t o] ol sl Fgstarat ek

JERRIE

2 HX|u} AF3(Jincheongmat, Kwonnong Seed Co.,
Korea)E FAJ5ke] 100534 3HHE 02 = 300572 A5}
Aok AR S Hrer g A E Al Sholl A A=Al
et 2] QS A8 viFHINOs-N 10.6, NHs-N 1.0, P
20,K67,Ca40,Mg20,S20meqL) o|-g3lo] =7]
Hjokol 7]%2 pH 5.87} EC 1.6dS'm" o2 AAs}c}

kol W pHE= pH HEHHI 98140, Hanna Inst., USA)<}
ECL EC ®EKHI 99300, Hanna Inst, USA), AL 222
37](Biichi 323, Biichi, Switzeland), ¢14FS- 46Onm0ﬂ/\1 H|
AA(UV 2100, Shimadzu, Japan), F7] oFo]28 Ax}54
3% A|(Perkin Elmer 3100, Perkin Elmer, USA), 20| &
Ao ol ea7ulE 18 1(DX-120, Dionex, USA)E ©]-&3
of vl xlstel HAsieh
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w2} pH 4.0-8.0 HejolA 0.1 o2 AT vty
W 771 o290 FEw ad gl A s v da
o] FEE 7|l ® otk EIF v W 4o o] &
== Robinson and Strokes(l959)2} Tanji(1960)2] 57}
o] HFHoj| wle} AF=3}19lal, Soh et al.(2012)9] 0114
@] we} ol e} ECo) HHE AR 4] 2
o% opolext goleo] s} a-solsa} b9 5= welE ¥
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A3hgich K'2} Caol u|&of wh2 pHe} EC| 3} 54
2 g3}l7] 918 Steiner(1961)2] <fo]Lof w2 pH W3}
o] ulal AA 8 Z Rush(2005)9] wet pH 4.0-8.00] 4]
K3} Ca0] ghapul &g 712} 1, 10, 50, 10082 4174519
). wjokel U pH H3lol w2 K, Ca”, ECQ] 4L A1y
o] 2ol w0z AEstc g AA B4 o]
ek TR 40H 02 Aslo] 3ukE o gt Al
o] B B2 SAS(Ver. 9.02, SAS Institute Inc., USA)<}
Minitab(Ver 15.1, Minitab Inc., USA)S o]8&3}o] A4
0.0594 7148 AARS 23545k

An P 4

ikl W pHO| Hstel EC wste] ws} FolE B4k
THFig. 1). Steiner(1980)2] pH HzF w3 o) ut=™ HPO,”
o HoPOy o] ']l 2J7t pH H=Fo] pH 4.0-8.0 H ¢ofl A
Acka g A YA pH H3}ol| w2 ECO] ¥gk= 1.19-
1.25dS-m" & W AJEHA| A58k Blokel pH 4.0-5.0 W 9jol
Aﬂ EC Weo] tha ARS319=d)| o] Steiner(1980)2] pH

& mgo] olaby ekl Uf Al o] 0] HPO, FE|RZ oF
95% o ZAl= He ot Trejo-Téllez and Gémez-Merino,
2012). HiFH pH 5.0-7.0 H Lol A pHO] ¥3}e] whE ECYJ
Hego] ehutelA| AF5steleh 53] pH 5.0-7.02 thFi9]
7 Al Al wjeFet o] A7 pH W flof 3] Helolrt
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Fig. 1. Change of EC depending on the pH.
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Z oyl pHE 243 W 9joll A Helslw HPO, 9} HoPOy
of wiefo] ofat o}& Bgw} ECO| FAT WP} 2
7HsAde WA otk okl pH 7.0-8.0 HJolA pH7L Ak
3ol w2} ECo| wako] tha] Aoz, Qi ool e
7} H,PO;” o} HPO, 9] =k Hl&o] 50%E Z7}5te] &
Ajol= o]t Trejo-Téllez and Gémez-Merino, 2012). 2
= o] A4 pH R $IE Hlofd pH 5.0-7.0014 ¢14He]
ol FEj7} HPO, 9} H,POs 9] 2T #3317} Ueht EC
of wzgofl thete] mc} 27 kS ol vyl ) 7]0]
& BRBE 2dlsis Aow AZE. Ueb 4hdon
ECO| WIS1E dov)i ol £ F4atu 4k ool
e o} EC Wislol o] A= oJeRg FuA] wele) o
& 9l

Robinson and Strokes(1959)2} Tanji(1960)2] 57} o]-&
WHof vkl W pH ®Ste] whE o] 2 FHFel ¥isks 54
SFATHFig. 2). Hjgd Wl pH7} Wolda5 SE A efjt
7] o] &5o] AL pHYL oS SE A &Rt 771
oj250] S7FHLE HiFY W pH Wsto] whE Zf o] 2.9
HItFS BH K, Ca, N, P2 453ttt pH7F Asgholl
whe} wjokol W K= 6.03-7.38meq L' 2 7P £ W3S =2
A1, Cal 3.60-4.41meq-L'1E UEbgth Total N= pH7}
Ap2=3lo]| whel 8.34-8.74meq L' S Ho] v|mA bukst AF
2o bk e P pHE Aol whet 0.00-3.11
meq-L" 2 7L #go] FA ERch o]@i3t M3k= Steiner
(1980)2] mutual ratioof] 2|3+ HjoFl maol| A K, Ca”,
Mg o] thek polee] wao] that <lak ol 2e] mAo] o

-
o
o

——N
=deP
K
=0-:Ca yg-u-u-u-0-8
-o=-Mg
——S

©
o

©
o

N
o

T
bagﬁﬂﬂﬁﬁﬁ@ﬁ#ﬁbﬁbbﬁbbﬁﬂq
ot
erdr
ptrtrtetr

g
o

lon concentration (meq- L")
k o
o

* DDDDDD
cooooooooooaonnet®” 000 |
DDDDDDDDDDDDDDDDDUU
3.0 D
e

-«
o

- ok 20000

' 600000 sooggo

P2 o
P
1.0 -
Vs
V1

0.0

35 40 45 50 55 6.0 6.5 7.0 75 8.0 85
pH

Fig. 2. Concentrations of six macro-ions depending on the pH.
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Fig. 3. Analysis of ion balance among cation, anion, and EC
depending on the pH. @): low cation and EC, (): high anion
and EC, (©: high cation and EC, @: low cation and EC.
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oldollAl= EC Tt omRE Y HolA= AR UE
U o]l Eutgo] 7= AS ¢ 4= 9lt). Steiner(1980)
9] mutual ratio 232 Z7] AA oA o] |9
Aol A HAYE= Bt at pH B8-S AHY] o] &
Blof w2 Beoto g WA= pystal gled, o] A
oA K’} Ca”9] 3 H]&o] OH'$} H,PO, 2] H3lo] 27
d8FS Z](Steiner, 1961). wahA] HPO, 2} H,PO, @] Wk
of th3t K'e} Ca 9] 3Hefu]S S3af pHe} ECS] Wego] o
L A e FEA| FHEooF gt

o gFel U} Soh and Lee(2012)0f] wh2 pH ol thgt
K'/Ca2| Q] E 53t B3} Rush(2005)0] whe ufjokod
& sl i o] Wy A EAS AluH Y] $J5) ZHzt
1, 10, 50, 100 Hj&& AA5Le] pH, K, Ca”, ECO] Wk
BAslglck oS $Jaf pH Hee]l whE K, Ca”, ECo| Alg]
= RS SAAHFig 4). RO K, Ca”, ECY| &
Hzko] Al 2 p = 0.05 ¢to]] TFEE Zoz Yeht
Steiner(1980)7} A|2Fst mutual ratio HjFY H oA pH B
e K9} Ca” 2 geu] o] AA7E 7153t Ao s 2l
Act

fjoyol pH B4 K'/Ca? o) ggn] 24519
Ca, pHO| W&F 18]35 o] QI3 K, Ca, ECO] Wk
sFGIth(Fig. 5). K, Ca, pH 7+8] A of| A pH7} 5T

2 7ra3YANE Cal 78 A4S EYed, K'Y
Ca” 9] gu] B0 A Cao] GiFo] KO Fafn} vl
21 9] o] &7}E 7}A]7] wjEo|th K, Ca, EC 7+2] A=
pH, K, Ca®] A Kt FA3 ¥sE ® 3t ol pH B3
S K'/Ca”9] Jefu] & Akt 49 o] ek Hslo] 2
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gt Ho] pH ¥ste] o] A a1z FEE dart
pi=g

4719] K&} Cad] gFe] ®Aol uhe} pHE| ¥sHs £4]
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£ 222 I A 0979 w2 Fo| AL =
] K3} Ca®] ofolof oJ3t HPO, 2} HoPO, 7} w53t
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2 Ko| =3H4] vkl CaXct 57} o] F3Fo] of
3t 7)o =7} 7] wjEo]tkSoh and Lee, 2012). 139} &
OFE O] =3HA] Aol A = wfjekl f Keof Cal] Sk
H3E7F e =t(Ahn et al,, 2010), 53] 4] A7 &
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Fig. 5. Surface plot among K', Ca™, pH (A) and K, Ca™, EC (B).
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