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Estimated EC by the Total Amount of Equivalent Ion and Ion Balance Model
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Abstract. To examine the EC model in a culture medium, basic culture medium of Rush (2005) and EC
model of Robinson and Strokes (1959) were applied analyzing the equivalence ion total amount, the EC variable
of cation and anion. Following the experiential translation by Steiner (1980), 130 optimized domestic and
foreign culture media for crop growth were utilized, and estimated EC model was also demonstrated. Results
from basic culture medium of Rush (2005) suggests an estimated EC by equivalence ion total amount and
high reliable regressive model with 0.96 y = 1.33x - 0.23 of 0.96 as value R’. It was found out that the
change in concentration of positive ion and anion did not differ significantly with the increase and decrease
of EC, however, there occurred a slight variable range. The change brings about a bigger anion influence
than the previously reported positive ion, seemingly like those based on nitride ion and sulfur ion. The above
EC estimated models confirmed that with optimized 130 domestic and foreign culture media for crop growth,
the value derived will be as follows: R = 0.98 with y = 1.23x - 0.02. In addition, the contour analysis
of positive ion and anion for EC, with |popularly known concentration range of EC 1.5 - 2.5 dS-m’ reveals
an equivalent of more than 11 meq-L~ for positive ion and 15 meq-L'l for anion. On the other hand, the
left bottom, low concentration 1.5 dS+m™ and the right above, high concentration 2.5 dS-m™, for both positive
ion and anion existed differently in a proper culture medium concentration. This study adapted variables of
both positive ion and anion of EC simultaneously, unlike in the previous culture medium by ion ratio in
mutual ratio of Steiner (1980), and offers an EC model that can estimate levels or positive ion and anion
in proper concentration, EC 1.5 - 2.5 dS-m’, with distributed features of ions.
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Table 1. Rush’s design (2005) of the ionic variate of macro minerals.

Equivalent ionic conductivity (meq-L'1)

Treatments
N P K Ca Mg S

1 1.00 1.48 0.91 1.46 0.67 0.67
2 1.33 1.68 1.03 1.65 0.76 0.76
3 1.50 1.50 2.33 1.37 2.19 2.19
4 2.00 1.20 1.80 1.20 1.85 1.85
5 2.35 3.30 2.06 3.30 1.51 1.51
6 3.52 5.22 3.23 5.14 2.37 2.37
7 5.73 2.96 1.82 2.92 1.34 1.34
8 11.47 5.92 3.65 5.84 2.68 2.68
9 14.34 7.40 4.56 7.30 3.35 3.35
10 17.20 8.88 5.47 8.77 4.02 4.02
11 20.06 10.36 6.39 10.23 4.69 4.69
12 22.93 11.84 7.30 11.69 5.36 5.36

Table 2. Classification of the used nutrient solution.

. o Division of
Authority organization Crops nutrient solution
University of Seoul Leaf lettuce, butter-head and head lettuce, endive, chicory, cucumber, Growth phase on

green pumpkin, paprika, green pepper, tomato, cherry tomato, potato, recycling system

strawberry, rose, dill, basil

Netherlands Head lettuce, endive, cucumber, paprika, tomato, potato, strawberry, rose, Hydroponic system
chrysanthemum, lily, gerbera, carnation, alstroemeria, bouvardia, common
gypsophila, statice, anemone, aster, freesia, cymbidium, phalaenopsis,

flowerpot
Belgium Butter-head and head lettuce, cucumber, melon, paprika, tomato, egg plant, Hydroponic system
strawberry, dill, basil, herbs
National Institute of Horticultural ~ Green vegetables, cucumber, green pumpkin, green pepper, paprika, Hydroponic system
& Herbal Science tomato, egg plant
Yamazaki Lettuce, spinach, Japanese honewort, cucumber, melon, paprika, tomato, None
egg plant, strawberry, general purpose
Aichi Agricultural Institute Spinach, water dropwort, rose, carnation None
Others General purpose None
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Table 3. Summary of previous studies for equivalent ionic conductivity.

Equivalent ionic conductivity (Q-cm?-mol™)

Reference n " - 2 2 > n .
NO3 NH4 H2PO4 Ca Mg SO4 Na Cl
Adams, 1977 71.46 73.55 36.00 73.50 59.50 53.50 80.02 50.10 76.40
o] i3t EC 24 =3 o] A= o] AR ujol| A wo) ] —— y=1.33x-0.23 (R*= 0.96) J
7/
Sl sl = HIOEONC. A Elead i Ao ]z 4.01 ——— Upper 95% or lower 95% /,’
g5l= 13052 F8 wjgdS AAstaet, ALSAHY connfidence limit e
thata ujorel 21, A S2r sk ujokey 105, ul = ]
G v 345, Wlo) viogel 16%, A AlABE  § 0]
ujoFel 16%, ofubx7] wjoel 17, ofol W@ Wil 6%, o |
w
76k #1052 ©]-8-5FAth(Table 2). 2 20
©
A EE- Hi kol ARl 2 thErdase] stock solution £ ]
7]
w

S WS, ol Z7ke) wjorel 7120) izl 199} wjoyel
SomL# 3urso® 4slelch el U ol B 27
2 EC meter(CM-20J, DKK-TOA Corp., Japan)E ©|-&35}
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9] wfjofey uf F7]0] &) H7F Ak A(\)9 w2 Fi
ZH(C)E ©]-£3}9{(Table 3), Robinson and Strokes(1959)2]
el whek K = (1/1000)2Ci- M= 438kt 4719 &
Trol 25 egoll ofstel S| Trjol L5 EC Wil that
EC 233 A3}tk A7]19) 4 242 SAS(Ver. 9.02,
SAS Institute Inc., USA)?} Minitab(Ver 15.1, Minitab Inc.,
USA)S ©]8-5}¢] regression analysis, standardization analysis,
ey,
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dat ¥ o
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Fig. 1. Linear regression analysis of Rush’s fundamental solution
between measuring EC and Estimating EC.
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Fig. 2. Comparlson between sample line of measured EC 1.55
dS-m™” and standardization line.
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Fig. 3. Surface plot between cation and anion and estimated
EC.
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Fig. 4. Rader chart of the degree of directing impact on the
estimated EC of macro elements.
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