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Correlation between Ion Solubilty and Electric Conductivity in

Ditermination of the Coefficient of Plant Nutrient
Adsorption of Soil

Saburo KAWAMURA and Teruo NAKAJMA
Synopsis

The experiments were carried out to investigate the relationship between ion solubity
and electric conductivity of the equilibrated suspension of soil and ca. 2.5% neutral
diammonium phosphate solution. Since it was found that a high correlation exists between
the amount of P20s or N (mg/100g soil) sdsorbed and electric conductivity, the adsorption
coefficients of phosphate and n1trogen were estlmated for 37 soil sampls.
were estimated for solubility of Na, K Mg and Ca ions for 37 samples.
summarized as follows:

1) Ionic strength, calculated from the activities of dissolved major ions in the bulk solution,

Measurements
The results are

correlates with the electric conductivity of the bulk solution with a high correlation

coefficient (y = 0.890).

2 ) The difference involved in the estimation of the adsorption coefficient from the electric
conductivity data was 28.8% for phosphate and 15.3% for nitrogen.
3)The differences are mainly attributed to the precence of unbalanced phosphate ion species

in the treated soil samples.

The large difference for phosphate compared with that of

nitrogen suggests that the method is not suitable for phosphate. No signifficant difference
was observed for cations, Nat, K+ Mg®* and CA**, provided their concentrations are low.
4 )Not only the major ions in the bulk solution, but also many other ions were dissolved

through soil reaction.

Especially, higher solubility of Na*, K*, Mg2* ion in the bulk

solution than that in the water extracted treatment of the same soil was recognized.
5)The solubility of Ca2% in the bulk solution was less than that in water extraction of

the same soil.
analysed cations in the bulk solution.
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However the variation of Ca?”*

solubility was the lowest among the
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Table 1.
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EHh LMY 0HEE 2RI B I BT
FERTT 4bbY VEEIZDOWTIZH,PO LU
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IEAEEBRHMOER L VITE 5720 & BRI
BT AMEAA Y ICh s 3BOFEEA 4+ VOB
BB L TR T H - 7= D TR IRET#% I
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Contents of analysed component, pH and electric conductivity (E.C.) in the bulk solution

which equilibrated with ca. 2.5% neutral diammonium phosphate and soil.

Soil Location H P mmol 1! N mmol 11| e
p mmol- mmo <10 - em-!
Tochigi Kamuma 740 7.46 | 59.16 57.04 | 108.33 102.44| 0.945 0.950
Tottori Daisen,Kuroboku 691 6.89 | 35.56 36.27 74.55 66.50| 0.650 0.665
Oita Usuki ,Akaonji 698 6.98 37.50 37.68 80.45 85.81| 0.735 0.670
Oita Usuki, Kuroonji 7.55 1.57 71.83 75.35 | 175.37 183.42| 1.400 1.395
Kyoto Yakuno,Kuroboku | 6.63 6.62 73.94 72.77 | 124.42 118.53| 0.895 0.865
Aichi Nisshin, Akaike 6.92 6.92 | 193.66 193.66 | 355.57 357.18{ 2.350 2.220
Nara lkoma 6.88 6.89 | 153.17 159.62 | 277.81 281.03| 1.905 1.920
Osaka Kasugaoka,l 637 6.40 | 147.89 147.89 | 219.35 220.42| 1.600 1.585
Osaka Kasugaoka,? 6.46 6.47 | 167.84 166.67 | 273.52 270.30| 1.900 1.900
O“gi“a;ggig‘}{;‘&“;mtion 7.00 7.00 | 221.83 219.19 | 386.68 392.58| 2.445 2.445
Table 2.  Value of the components relate to adsorpted phenomena.
Adsorptive Coefficient |Adsorpted % to added E/t!:oitfoégi_c
component
Soil Location P05 N . P20s N Z(frfgiitwml
mg/100 soil| mg/100g soil|
Tochigi Kanuma 2306.25 795.83 73.66 72.95 1.75
Tottori Daisen, Kuroboku | 2621.25 839.43 83.72 77.29 1.72
Oita Usuki, Akaonji 2597.50 858.14 82.96 78.66 1.67
Oita Usuki, Kuroboku 2086.25 588.60 66.64 53.96 1.43
Kyoto Yakuno, Kuroboku | 2089.59 750.78 66.75 68.82 1.82
Aichi Nissin, Akaike 381.25 93.05 12.18 8.53 1.24
Nara Tkoma 910.43 308.54 29.08 28.29 1.72
Osaka Kasugaoka,l 1031.26 475.22 32.94 43.56 2.33
Osaka Kasugaoka,2 J 756.26 329.56 24 .42 30.21 2.21
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Table 3. Concentrations, activities and ionic strength in bulk solution which equilibrated
with ca. 2.5% neutral diammonium phosphate and soil.

ig{llfggﬁ‘(ﬁggfl-l ) Ion activity in bulk solution (mmol-fl)

Soil Location H,PO, | HPO,* | NH; | Hx10%| H,PO;|HPO: | NHI u’

Tochigi Kanuma 109 | 47.2 |103.8 | 3.73 | 82| 14.1 73.5 |0.1618
Tottori Daisen, Kuroboku 17.7 18.2 70.1 | 12.59 | 14.1 7.3 55.5 {0.0789
Oita Usuki, Akaonji 16.1 215 82.7 10.4% 126 | 7.9 | 622 [0.0924
Oita Usuki, Kuroonji 9.7 | 63.9 |1758 | 2.76 | 7.0 | 16.4 | 118.3 |0.2206
Kyoto Yakuno, Kuroboku 44.1 29.3 |121.2 | 23.72 | 332 9.1|86. 7 [0.1412
Aichi Nissin, Akaike 65:9 | 127.8 |354.7 | 12.02 | 44.3 | 23.8 | 212.9 |0.4659
Nara Ikoma 5921 97.2 |278.2 | 13.03 |40.8]20.2 | 1739 [0.3632
Osaka Kasugaoka,l 101.3 | 46.7 |219.6 | 41.24 | 72.3 | 11.3 | 1449 |0.2538
Osaka Kasugaoka,?2 105.0 62.3 |271.5| 34.28 | 73.5 | 13.8 | 173.6 |0.3129
Original diammonium 639 | 156.6 [387.5| 10.00 [42.4 |27.3 |227.1 |{0.5389

phosphate solution L

* Jonic strength in the bulk solution
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Table 4. Some properties of used soil and solubility in the bulk solution which equilibrated with ca.25%
neutral diammonium phosphate and soil.

ca. 2.5% neutral diammonium

pH** |pH**|g c***phosphate treatment
Soil No. Location and nature* (H20)|(KCD) |(H20) pH N I ECin gwsx
mmol'1"| mmol-1™ bulk Solution

1. OSAKA HIGASHIOSAKA KASATO M 446! 4.69|0.178| 6.77 | 181.3| 283.9| 13.100

2. OSAKA SAKAI KITANODA 16) 5.80| 4.81|0.103| 6.87 |181.0, 300.9| 13.025

3.  OSAKA KOJINYAMA M 5.07| 4.10|0.067| 6.80 | 170.6| 235.8| 11.250

4. OSAKA TYAUSUYAMA M 4.10| 4.3410.227| 6.31 | 191.9| 2779 | 14.425

5.  OSAKA ITAMI U 6.9114.83|0.098| 693 |184.7|293.5| 13.975

6. OSAKA ASAHIKU U 5.14| 4.17 | 0.268| 6.98 {198.3} 307.2| 14.750

7. OSAKA KASUGAOKA M 321|471 | 3.005] 5.76 | 154.9 | 233.2| 12.350

8. OSAKA BANPAKU M 470 | 5.10 [ 0.342| 6.44 |171.9| 187.5| 10.500

9. OSAKA KASHIWARA U 7.47| 4.74 |0.228] 6.96 { 187.9 | 328.9 | 16.250
10.  OSAKA HIRAOKA NUKATA P 5.47]4.690.183] 6.80 [165.3|229.4| 11.800
11. OSAKA KASHIWARA DOSHIMA P 7.46]4.69 |0.286| 6.92 | 191.5| 323.114.300
12.  OSAKA HIGASHIOSAKA MIKURIYA U 6.51|4.89 |0.075| 690 | 189.7 | 305.7 | 14.975
13.  OSAKA HIGASHIOSAKA KAMIKOSAKA P 6.65|4.76 |1 0.207 | 7.00 [202.5| 313.6 | 14.950
14. OSAKA HIGASHIOSAKA SANKA P 5.69| 4.10 |0.083] 6.89 [ 194.1 | 297.1 | 14.200
15. OSAKA HIGASHIOSAKA KOWAKAE U 6.54| 4.16 [0.162] 6.95 |201.2 | 320.0 | 15.200
16. OSAKA HIGASHIOSAKA NAGASE U 7.38|4.05|0.16417.05 |183.5] 3209 |15.050
17.  NARA SAKURAI U 6.4714.34 |0.106| 6.81 | 193.7| 327.2 | 16.300
18.  NARA OOIZUMI U 7.57|4.8110.215|6.83 [206.0|291.8|14.450
19. NARA SAKURAI ANASHI U 6.71|4.4310.113| 6.88 1201.2 | 321.0 | 14.175
20. NARA SAKURAI DAIZU U 6.71| 4.81 |0.0836.79 |209.1 | 328.2 | 13.825
21. NARA MUROO M 5.71|5.24 |0.060 | 6.94 |186.2 | 305.7 | 12.300
22. NARA KORYO U 7.1514.95 10.261| 695 |177.0(279.1|12.850
23.  NARA NISHIYOSHINO M 6.12 | 3.60 |0.0716.79 |185.3300.9 | 12.900
24. NARA HASE M 6.47|4.12 |0.068|6.57 |168.6 |224.8 |12.550
25. NARA YAMATO YAMAIZUMI U 8.224.35 |1.148 | 7.05 |205.4|294.7 | 14.950
26. NARA IKOMA M 4.9514.82|0.079 | 6.66 [195.0 | 201.4 | 12.350
27.  KYOTO YAKUNO M 4421408 |0.17616.63 | 97.0|122.5| 6.805
28. KYOTO KITAKU UMEKI U 7.00|4.09 |0.326 | 7.14 | 169.8 | 275.1 | 13.450
29.  KYOTO NAGAOKA INOUCHI U 430|627 |0.142 | 6.45 [169.4 1233.2 | 11.425
30. KYOTO NAGAOKAKYURYO U 4.00| 6.56 |0.283 | 6.85 [193.4 |326.3 | 15.100
31. MIE MATSUZAKA P 6.75 — ]0.345|684 |177.2|272.4|11.800
32. MIE NABARI U 5.644.10 |0.093|6.78 |187.6 | 275.5 | 14.075
33. SHIMANE OKINOSHIMA KUNIGA M 443|580 |0.338|6.59 [178.1]265.3|11.450
34.  YAMANASHI YATSUGATAKE M 461|484,0091]|692| 506| 57.4| 4.135
35.  TOTTORI DAISEN M 478|423]0.070|6.61 | 788 | 82.3| 2.660
36.  TOCHIGI KANUMA M 5.06|4.43|0.058|7.35| 56.3(127.0| 7.147
37.  HUKUI MARUOKA P 5.1214.81 |0.150 | 6.85 |202.3 |285.6 |12.750

% : U : Upland or field soil, P : Paddy soil, M : Mountain or uncultivated soil.

k¥
EE TN
dkokok |

. Soil Solution ratio =1 : 2.

F.C. in H20 extrated treatment
mmbho-cm”
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Table 5. Value of ionic activities and inic strength of the bulk solution and partical adsorptive
coefficient velation to estimated coefficient derived from electronic conductivity.

Activities in bulk solution (mmol-/'1)

Practical adsor}gk
tive coefficient

Estimated adsorp
tive coefficient *

Soil No. and Location - Tonie
H'% 107" | H,POT| HPO."| NHI | gl | P.0. N P,0, N
1. 0O.KASATO 1.700| 20.6 | 54.2| 1749 0.3853| 431.3| 281.3| 458.1| 305.1
2. O.KITANODA 1.350| 22.2| 46.3| 183.4| 0.4098 | 436.3| 233.7 | 458.2| 305.1
3. O.KOJINYAMA 1.586) 20.6 | 50.5 | 147.5[0.3492 | 584.4} 4159 | 762.8| 412.4
4. O.TYAUSUYAMA 4.901] 12.4| 94.2| 178.2|0.3020} 281.3| 298.0| 234.7| 226.4
5. O.ITAMI 1.176| 23.6 | 442.9| 178.01 0.4205 | 383.8| 290.5| 290.8| 246.2
6. 0. ASAHIKU 1.048| 25.6 | 41.5| 183.7| 0.4569 | 1190.6| 216.3 | 184.9| 208.9
7. 0. KASUGAOKA 17.388| 3.8 |101.2| 157.3|0.2159| 806.9| 423.3|1084.9| 525.8
8. 0.BANPAKU 3.634| 14.1 | 79.4| 122.3|0.2693 | 565.6|551.2| 942.5| 475.7
9. O.KASHIWARA 1.123| 239 | 41.5| 197.3]0.4472 | 337.5| 1554 —| 113.8
10. O.NUKATA 1.586| 20.1 | 49.4| 1442 | 0.3381 | 659.4| 434.0| 696.8| 385.6
11. O.DOSHIMA 1.203| 23.8 | 44.3} 194.2|0.4452 | 287.8|171.4| 266.9| 237.8
12.  O.MIKURIYA 1.260| 23.5 | 45.7| 184.8|0.4300 | 313.1|220.3| 111.5] 183.0
13. O. KAMIKOSAKA 1.001| 26.2 | 40.6| 186.6 |0.4702 | 174.4|198.2| 139.1} 192.8
14. 0O.SANKA 1.289) 23.8 | 47.5| 179.6 |0.4307 | 260.6 | 244.4 |24 8.8| 231.4
15.  0O.KOWAKAE 1.123 253 | 43.9| 191.0{0.4636 | 198.8|180.2 87.4| 1745
16.  O.NAGASE 0.892] 249 | 345|192.3|0.4499 | 400.6|177.5| 113.9| 1839
17. N.SAKURAI 1.550| 22.1 |553.0| 200.1 | 0.4033 | 256.3|160.1 -1 103.2
18. N. OOIZUMI 1480|239 | 54.7|178.4|0.4036 | 221.9|259.2 | 228.1| 224.1
19.  N.ANASHI 1.320 | 24.1 | 49.2| 1925 [0.4525 | 150.3[177.5| 258.5| 234.8
20. N.DAIZU 1.623123.1 (58.0 |197.0 | 0.4524 | 128.3 (1574 | 314.4| 2545
21.  N.MUROO 1.149 |23.8 | 42.3| 185.0 |0.4307 | 362.5|220.3 | 577.7| 347.2
22, N.KORYO 1.123123.2 | 40.4| 170.4 |0.4038 | 493.1|294.7 | 516.4| 325.6
23.  N. NISHIYOSHINO 1.623]21.2 | 53.2| 184.0 |0.4033 | 375.0|233.7 | 474.5[310 9
24.  N. HASE 2.694 1 16.2 | 67.5|143.8|0.3051 | 162.5 |446.7 | 535.2] 332.2
25.  N. YAMAIZUMI 0.892 274 | 37.9|175.1 |0.4724 | 194.4|251.1 | 303.9| 2508
26. N.IKOMA 2,190 20.3 {68.9 | 126.6 |0.3413 | 237.5(512.3 | 572.2| 345.3
27. K. YAKUNO 2.346.111.6 | 42.0| 85.2|0.1703 |1628.3|724.3 |1560.8| 693.4
28. K. UMEKI 0.725125.1 | 28.2| 166.8 |0.4139 | 595.0 | 306.1 | 422.7| 292.6
29. K. INOUCHI 3.55113.9 | 76.2| 150.2 |0.2924 | 601.3 |423.3 | 745.3| 406.2
30. K. NAGAOKA-
KYURYO 1.414 |22.8 | 49.9| 196.7 |0.4386 | 260.6 [162.7 | 126.1| 188.2
31.  M.MATSUZAKA 1.447 |21.5 | 48.3|167.8 [0.3842 | 490.6 |313.4 | 715.1| 395.6
32.  M.NABARI 1.661 |21.4 | 55.1]169.3 |0.3917 | 342.5{304.7 | 272.5| 239.7
33.  S. KUNIGA 2.573 [16.7 | 66.6|167.1 |0.3365 | 534.4 (3335 | 775.2| 416.8
34, Y.YATSUGATAKE | 1.203 | 9.8 | 18.2| 142.9 |0.0947 |2288.3 |915.5 [2013.6| 852.9
35. T.DAISEN 2457 | 9.3 | 37.0| 59.0 [0. 257 [2620.0 |905.0 |2268.41 942.6
36. T.KANUMA 0.447 {13.0 | 9.0 88.4 [0.1571 |1707.1 {720.6 |1480.0 | 665.0
37. H.MARUOKA 1.414 124.0 | 52.5|172.7 |0.4305 | 133.1 |276.6 | 514.5| 325.0

* P20s (or N) mg/100g soil
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Fig.1. The correlation between phosphate adsorption
and electoric conductivity of bulk solution which
equilibrated with ca.2.5% neutral diammonium
phosphate (method of phospahte or ammonium ad-
sorptive coefficient analysis) and soils (to 37 soils).
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Fig.2. The correlation between Nitrogen adsorption
and electoric conductivity of bulk solution which
equilibrated with ca. 2.5% neutral diammonium
phosphate and soil.
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Fig.4. Concentration of some cations in water extracted treatment of soil and in the bulk solution
which equilibrated with ca.2.5% neutral diammonijum phosphate and soil used.
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Table 6. Concentration of some cation in water extracted soil treatment and in bulk
solution which equilibrated with ca.2.5% neutral diammonium phosphate and soil.

Soil No. and Location

H2 0 soluable (me)

Diammonium phosphate
treatment (me)

Na | K Mg | Ca |Total| Na | K Mg | Ca |Total

1. 0. KASATO 0.480.28 (0.24|0.46|1.45 |0.54[0.87]0.56|0.12| 2.70
2. O.KITANODA 0.13/0.70 [0.1410.16 | 1.13 [0.03[4.07 | 1.45 | 0.44| 6.00
3.  O.KOJINYAMA 0.150.12 |0.17|0.14{0.57 |0.26 | 0.64 [ 0.29|0.03| 1.22
4. O.TYAUSUYAMA 0.30 ({0.21 (0.33]0.59|1.44 [0.29(0.39]0.24|0.04| 0.96
5. O.ITAMI 0.25/0.20 |0.310.59|1.34 |0.66| 1.14|1.23|0.47| 3.50
6. O.ASAHIKU 0.18/0.28 (0.74|2.90|4.10 |0.31| 1.15{0.67 | 0.31 | 2.44
7. 0. KASUGAOKA 0.10 | 0.42 [30.62| 0.76 |{31.90|0.03| 0.77 | 23.3 [ 0.28| 24.4
8.  O.BANPAKU 0.3910.54 |0.25|0.29|1.47 |0.23|2.16|2.04]0.04| 4.47
9. 0. KASHIWARA 0.17 {0.10 |0.31|3.49|4.07 |0.12]0.67 | 0.97 | 0.44| 2.20
10.  O.NUKATA 0.44 10.34 10.25|0.77|1.80 |0.72| 2.95| 0.60 | 0.50| 4.77
11. O.DOSHIMA 0.180.20 10.33|3.48|4.18 |0.68|0.70 | 0.77 | 0.43| 2.58
12.  O. MIKURIYA 0.29 | 0.07 |0.15|0.51|1.06 |0.94 | 2.10| 0.64 | 0.20| 3.88
13.  O.KAMIKOSAKA 0.59 |0.15 10.31 | 2.75|3.79 |2.14|0.89{0.13|0.19] 3.35
14.  O.SANKA 0.23 10.06 |0.17]0.41]0.87 |0.16]0.24|1.08|0.39]| 1.87
15.  O.KOWAKAE 0.23]0.07 [{0.3011.23|1.83 |0.88]0.52[0.69|0.26]| 2.36
16. O.NAGASE 0.13]0.15 |0.35]2.88|3.51 |0.19]0.86]0.70 | 0.34| 2.09
17. N.SAKURAI 0.59 10.04 |0.10]0.23/0.96 |1.77]0.55|1.13|0.17] 3.62
18.  N.OOIZUME 0.15{0.63 |{0.56|2.05|3.40 |0.03]|6.50(1.13|0.42| 8.08
19.  N. ANASHI 0.62]0.10 {0.11|0.31 1 1.13 |1.93]0.62|0.17|0.16( 2.87
20.  N.DAIZU 0.1510.28 |{0.14 |10.29 [ 0.86 |0.02 (|0.77|1.00 | 0.43| 2.23
21.  N.MUROO 0.42 (0.16 (0.12|0.120.82 [0.79|3.65[{0.73/0.23|5.40
22.  N.KORYO 0.24 {1.25 (0.39|1.25]3.14 |0.26 | 7.40| 0.70| 0.44| 8.80
23.  N. NISHIYOSHINO 0.14 |10.14 |0.31 ]0.15|0.74 {0.02|0.39|1.25|0.04| 1.70
24. N.HASE 0.15{0.02 |0.23]0.31 {0.71 |0.17 ) 0.31{1.89|0.29]| 2.67
25. N.YAMAIZUMI 0.37 1290 |0.59 |2.81 | 6.67 |2.65|9.42|0.11 |0.45|12.62
26.  N.IKOMA 0.06 {0.24 [0.27 |0.20|0.77 |0.07|0.41 | 0.41|0.07| 1.96
27. K. YAKUNO 0.24 10.19 10.29 |10.78 |1.50 {0.27 | 0.34| 0.30| 0.31 | 1.22
28. K. UMEKI 0.21 [0.25 |0.34 |4.30 [5.11 |0.82|1.98|0.55|0.47| 3.82
29. K.INOUCHI 0.17 [0.26 {0.27 |0.290.99 (0.17|0.51]0.26 |0.20| 1.14
30.  K.NAGAOKAKYURYO 0.32 {0.20 |0.28 |10.59 [ 1.38 |0.60 [ 0.39]| 0.23 | 0.06| 1.28
31. M.MATSUZAKA 0.39 10.59 [0.25 |3.64 [4.87 |0.10|3.26| 1.27|0.50|5.13
32. M.NABARI 0.2310.29 ]10.20 [0.12 | 0.84 |0.21 [4.66| 0.75]|0.04|5.66
33.  S.KUNIGA 0.320.33 {091 |0.842.40 [2.12|1.01|1.89(0.34(5.36
34. Y. YATSUGATAKE 0.24 {021 {0.25 [0.21 |0.91 [0.19 | 0.46|0.15]0.11 [ 0.91
35. T. DAISEN 0.05 |0.111]0.26 [0.13 [0.55 |0.44 | 0.20| 0.27 | 0.86 | 1.36
36. T.KANUMA 0.79 |0.14 |0.25 |0.14 | 1.32 [0.28 | 0.30| 0.10 [ 0.04 | 0.72
37.  H.MARUOKA 0.67 {0.15 [0.31 [0.33 |1.46 [1.98|1.16]0.16{0.31| 3.61
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