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Influence of the Ionic Strength other than Phosphate and
Ammonium Jons on the Phosphate and Ammonium

Adsorptive Coefficient of Soil.

Saburo KAWAMURA and Teruo NAKAJIMA

Synopsis

The purpose of the stady was to asertain whether ionic strength other than phosphate
and ammonium jon represents the different condition on the phosphate and ammonium
adsorption coefficient (P,Os or NH; — N mg/100g soil) or not with some typical soils.
At the same time, causal connection between both adsorptive coefficient and phosphate or
ammonium jon solubilities in bulk solution was discussed. The results are summarized
as follows:

1) The effect of coexistence of other ions except for phosphate and ammonium in soil solution
on phosphate adsorptive coefficient generally indicated the high value coefficient. Conversely,
for the nitrogen coefficient, the value were reduced.

2) Both component adsorptive coefficient to the same soil were different from a little with
consist of ionic species except for phosphate and ammonium ion. In this experiment
condition, the ionic strength in the bulk solution did not always followed that same relation
were formed to the coefficient.

3) Increase of the coexistence of salt in soil solution resulted the high activity of hydronium
and ammonium ion, conversely, low activity of phosphate ions.

4) It seemed that phosphate adsorption by soil particle in this condition affect each
phosphoric acid potential in the bulk solution, ammonium adsorption also dominated each
ammonium potential in the bulk solution.
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Table 1. Chemical compositions and pH in the bulk solution which obtained from equilibrating with
neutral 2.5% ammonium phosphate in the each salt solution and soils after a day.

Soil

pwInuRy

Salt
Itreat-

NaCl treatment

]

KCl treatment

K,SO4 treatment

ment
*

0

0.01
0.10
0.50

pH

m mole/1

N
m mole/1

P20s
coeffi-
cient %%

N
coeffi-
cient x %k

‘pH

P
m mole/1

N
m mole/1

P,0s
coeffi-
cient sk

coeffi
cient % %k

pH

m mole/1

m mole/1

P,05
coeffi-
cient 3%

coeffi-
cient 3k *

7.05
7.03
6.98
6.66

59.9
58.5
54.8
43.7

122.4
137.9
155.6
221.6

2249.3
22694
2321.3
2479.9

762.4
719.0
669.6
484.7

7.01
6.99
6.88

56.9
42.9
19.9

127.8
166.0
235.7

2292.0
24914
2817.5

747.3
640.6
4453

7.08
6.92
6.87

57.0
46.6
30.5

126.6
173.7
256.7

2290.2
2438.2
2667.1

730.7
618.9
386.5

uasie(q

0

0.01
0.10
0.50

6.46
6.44
6.35
5.88

27.9
26.0
22.4

1.2

68.0
105.5
122.9
210.9

2704 .2
2730.1
2782.0
3116.4

914.9
809.9
761.2
514.7

6.93
6.73
6.30

26.4
13.3
4.6

79.0
127.6
240.7

2724 .4
2911.8
3035.0

884.1
748.0
431.3

6.79
6.55
6.26

21.8
13.8
2.8

69.8
125.1
242.2

2790.1
2903.4
3060.5

909.8
754.9
427.2

oerg €100

0

0.01
0.10
0.50

6.57
6.56
6.41
6.14

25.9
25.5
17.8
10.5

77.8
98.4
128.6
2177

2731.7
2737.5
2847.0
2950.8

887.5
829.7
745.3
495.7

7.06
6.81
6.50

22.6
12.8
4.0

82.0
125.3
2309

2778.5
2918.9
3043.8

87s.7
754.3
458.7

6.81
6.60
6.47

27.0
10.7
6.6

84.3
129.1
226.5

2716.7
2948.8
3005.6

869.3
743.7
471.1

pay BII0Q

0

0.01
0.10
0.50

7.02
7.00
6.89
6.59

64.9
61.2
51.9
51.0

156.1
176.3
195.6
271.1

2178.9
2231.1
2263.7

668.1
611.8
557.7

7.21
7.10

2375.2 346.3|6.79

62.3
46.2
34.7

172.9
201.3
271.5

2215.1
24439
2607.5

621.0
541.5
328.2

7.21
7.09
6.79

54.6
51.6
36.5

176.3
195.6
271.1

2225.2
2367.9
2582.3

652.1
542.8
3323

ounyex

0

0.01
0.10
0.50

6.60
6.59
6.49
6.10

70.3
68.9
58.6
33.0

123.9
132.3
155.5
226.6

2102.2
2121.6
2267.2
2631.9

758.3
734.8
669.8
470.9

6.59
6.44
6.15

68.7
53.1
30.6

134.8
169.2
267.2

2123.8
2346.5
2665.0

727.8
631.5
356.9

6.58
6.36
6.21

79.3
60.6
34.6

141.9
171.1
271.6

1974.6
2239.6
2608.5

707.8
626.3
3447

raddn
Byoednsey

0

0.01
0.10
0.50

6.18
6.15
6.11
$.79

163.8

162.6
158.4
156.7

272.1
278.9
286.0
327.8

773.5
790.8
851.3
874.4

523.3
324.2
284.5
197.3

6.60
6.58
6.50

159.9
158.1
149.6

283.6
303.8
341.1

828.9
855.0
975.0

311.2
254.7
150.1

6.55
6.49
6.50

161.1
151.8
141.7

281.3
290.7
351.4

790.8
851.3
874.4

317.5
291.4
121.5

IaMOT]
eyoednse)y]

0

0.01
0.10
0.50

6.06
6.03
5.88
5.60

146.6
143.1
138.3
134.6

219.6
225.1
234.6
241.1

1018.6

—
490.3

1067.6
1136.7
1188.6

475.1
408.4
300.1

6.25
6.22
6.10

145.3
138.6
127.9

226.8
250.9
309.3

1037.1
1132.1
1283.3

470.3
402.6
239.1

6.38
6.14
6.28

139.9
135.0
127.6

217.4
261.6
322.5

11131
1182.8
1287.3

496.7
372.8
202.3

BWOY]

0

0.01
0.10
0.50

6.82
6.83
6.79
6.75

159.4
158.8
153.5

150.8
L

300.2
305.3
3094
338.1

835.9
845.5
920.4
958.7

364.6
250.3
238.9
158.4

6.87
6.84
6.74

156.8
147.2
142.9

313.5
323.0
350.9

873.5
1009.4
1070.8

227.5
200.9
122.7

6.80
6.67
6.70

157.6
148.2
138.5

305.2
324.0
370.0

861.8
996.1
1132.8

250.6
198.1
96.2

wory

0

0.01
0.10
0.50

7.02
6.74
6.69
6.46

201.9

200.4
198.1
197.5

341.5
344.6
345.5
361.3

237.2

254.5
286.2
294.8

149.1
140.5
137.9

93.5

6.90
6.89
6.85

198.8
186.1
177.2

353.1
356.9
367.4

276.3
457.2
583.8

116.5
106.1
76.4

6.90
6.79
6.74

200.7
187.5
178.5

343.1
3449
365.5

250.1
436.9
565.5

144.6
139.6
81.8

each salt concentration (Normality)
mg/100g soil
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Table 2. lon concentration (m mole per litre) in the bulk solution which obtained from equilibrating with
neutral 2.5% ammonium phosphate in the each salt solution and soils after a day.

Salt NaCl treatment KCl treatment K,S804 treatment
Soil treat-
ment | 4,POz | HPOZ ™ | NHF e | HiPO7 | HPO3 | NH} | foentn | HoPO3 | HPOZ™ | NHJ T
1
w | 0 21.8 382 [122.3]0.148 | — - - - . - - -
5 0.1 22.0 36.5 |137.9]0.163 | 21.7 36.5 [127.8]0.155  19.3 37.7 | 126.6 |0.163
§ o010 19.5 24.2 '1555(0.236 | 15.0 35.2 |165.9]0.246  17.5 29.1 | 173.6 |0.304
0
0.50 20.9 227 221.6/0.667 7.1 27.9 |235.6(0.647  11.0 194 |256.70.923
0 20.6 7.3 | 67.9/0.059 - - - - - - - -
g | 0.01 19.0 7.1 '105.4(0.086 | 124 140 | 789(0.084 | 12.1 9.7 | 69.7 [0.075
& | 0.0 16.2 6.1 122.8|0.182 7.0 6.3 [127.5]0.180 8.4 54 |125.1 [0.228
0.50 1.0 0.2 210.9|0.606 3.1 1.5 |240.7]0.625 1.9 0.8 |-242.1 0.874
oo 17.7 8.2 | 77.7/0.064 - - - - - - - -
= | 0.01 17.2 83 | 98.40.085 8.9 137  81.9]0.083 144 12.6 | 84.2 0.090
Z | 010 12.4 54 [128.5/0.181 6.1 6.6 125.3]0.179 6.2 4.5 | 129.1 [0.227
S | 0.50 7.9 2.6 [217.6]0.618 2.3 1.7 2309 0.620 3.9 2.7 | 226.4 0.871
o O 23.8 41.0 156.1/0.172 - - - _ - - - -
g 001 22.6 386 176.2/0.187  16.7 46.0 [172.9/0.197 | 14.6 40.0 | 161.8 |0.183
W 0.10 20.7 312 195.5'0.271 163 32.8 (201.3/0.273 | 146 36.9 |200.9 0.332
g 050 26.5 24.5 271.0 0.698  14.1 20.6 277.5|0.687 | 148 21.6 |276.0 0.939
< 0 43.7 26.6 |123.9(0.137 | — - - - - - - -
£ 0.01 429 26.0 1132.3]0.150 | 44.6 32.3 [134.8]0.164  48.8 304 | 141.9 [0.171
5| 010 37.2 214 1555(0.239 | 37.7 247 1169.2]0.253 417 18.9 |171.0 |0.294
0.50 25.4 7.6 22650641 | 229 77 1267.2]0661  25.0 9.6 | 271.6 |0.918
5‘ 0 1267 | 371 [272.1]0278 | - _ - | - B _ -] -
gé 0.01 | 127.3 353 |278.9|0.284 | 87.5 72.4 [283.5(0.340 ' 929 71.0 |278.9 |0.338
BE 010 1239 344 [286.0 0375 | 84.3 73.3 [303.7]0.441 | 88.5 63.3 | 286.0 |0.466
£ 050 1366 20.1 |327.8]0.772 | 85.5 64.1 |341.1|0.842  80.8 60.8 | 327.8 |1.088
T
r0 121.2 25.3 1219.6(0.221 - - - - - - - -
gE 001 | 1195 23.6 225.0|0.230 | 108.7 36.5 226.710.251 959 44.0 |225.0 |0.260
g2 010 | 1197 18.5 234.5(0.314 | 102.7 35.9 2509 |0.349 103.8 31.2 | 234.5 |0.395
5 0.50 | 1229 11.6 241.1]0.705 , 984 29.5 309.3/0.763  87.8 39.8 |241.1 [1.035
0 657  93.8 (300.2]0371| - _ N - - -
F | 001 | 1077 94.5 |305.3|0.406 | 59.7 97.1 313.4(0.391  66.6 91.0 | 305.3 0.383
2010 63.1 90.4 [309.4|0.467 | 56.3 91.0 32290472 702 78.0 | 309.4 0.503
0.50 64.5 86.2 |338.1/0.874 | 61.9 80.9 350.9|0.868  63.1 75.4 | 338.1 1.117
0 59.5 | 142.1 |341.5|0.445 - - - - - - - -
Z 001 89.0 | 111.4 |344.5(0450 69.4  129.5 353.1]0480 | 70.7 | 130.6 | 141.9 [0.483
2 0.10 91.5 | 106.7 |345.5(0.532 654  120.7 356.8|0.553 | 75.9 | 111.5 | 171.1 [0.584
0.50  117.2 80.3 |361.3/0.900 66.0 111.2 367.5|0.919 | 77.4 | 101.1 |271.6[1.174
*: each salt concentration (Normality)
koK.

Ionic strength = % >Cizi?
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Table 3. Ion activities (m mole per litre) in the bulk solution which obtained from equilibrating with
neutral 2.5% ammonium phosphate in the each salt solution and soils after a day.
tsgltt NaCl treatment KCl treatment K,S804 treatment
. reat-
Soil !
ment | y,p0; | HPOZ™ | NHY | H,PO; = HPO? ‘—[ NHY | H,PO7 | HPOZ™ | NHZ
m | 0 16.4 11.9 87.6 - - - - - -
§ 0.01 16.6 11.5 97.4 16.3 10.8 91.0 14.4 11.2 89.3
E 0.10 13.9 8.6 104.2 10.8 6.7 110.4 12.3 6.6 111.0
0.50 14.0 4.1 131.2 4.8 2.3 139.5 7.4 3.5 152.0
0 16.8 3.1 53.8 - - - - - -
g_ 0.01 15.0 2.7 80.3 9.8 54 60.3 9.7 3.9 54.0
§ 0.10 12.0 1.7 85.2 5.1 1.8 88.5 6.1 1.4 84.1
0.50 0.7 0.1 124.9 2.1 0.3 142.5 1.3 0.2 143.4
e 0 14.4 3.5 61.2 - - - - - -
I~ 0.01 13.6 3.2 75.1 7.1 5.2 62.6 11.3 4.7 63.8
g 0.10 9.2 1.5 89.2 4.5 1.9 87.1 4.5 1.1 86.9
£ 0.50 5.3 0.5 128.9 1.5 0.3 136.7 2.6 0.5 134.1
o 0 17.7 12.0 109.3 - - - - - -
% 0.01 16.6 10.7 121.8 11.9 124 118.3 10.8 11.3 112.2
= 0.10 14.7 7.4 128.1 9.6 7.8 131.5 10.3 8.2 127.4
a 0.50 17.7 4.5 160.5 9.4 38 164.3 9.9 3.9 163.4
0 332 8.5 89.6 - - - - - -
:'»; 0.01 32.3 8.1 94.6 32.1 83 95.0 36.1 8.9 99.4
g 0.10 26.8 54 104.1 25.3 45 112.0 29.4 4.3 110.3
°© 0.50 17.0 1.4 134.1 15.4 14 158.2 16.7 1.8 160.8
z 0 89.9 8.8 177.7 - - - - - -
§U§ 0.01 90.1 8.2 179.6 63.7 15.6 179.2 64.4 14.8 177.8
e3 0.10 85.6 7.1 187.5 60.8 14.1 184.1 59.7 11.9 174.4
g 0.50 91.6 3.7 194.1 57.3 11.7 202.0 54.2 11.1 208.0
z 0 87.8 6.5 148.3 - - - - - -
S'U% 0.01 86.2 6.0 151.3 77.9 8.9 150.6 68.7 10.6 143.2
§ 2 0.10 84.0 4.1 149.7 71.4 7.6 158.1 70.3 6.3 161.7
g 0.50 82.4 2.1 142.7 66.0 54 183.1 58.9 7.2 190.9
0 454 19.4 180.3 - - - - - -
? 0.01 47.3 194 187.7 41.0 19.6 194.7 459 18.7 189.2
g 0.10 42.6 17.0 185.6 379 17.0 193.5 47.0 14.2 191.8
0.50 43.2 15.7 200.2 41.5 14.7 207.7 42.3 13.7 219.0
0 40.3 27.3 206.6 - - - - — -
0.01 60.3 214 208.5 46.6 24.1 211.2 47.1 24.2 204.5
0.10 61.3 194 204.5 43.8 22.0 211.3 50.9 20.3 204.3
0.50 78.5 14.6 213.9 44.2 20.2 217.5 51.8 18.4 216.5

*: each salt concentration (Normality)
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Fig. 1. Effect of ionic stirength in the bulk solution which obtained form equilibrating with 2.5%
ammonium phosphate in each NaCl concentration treatment and soil solution on phosphate adsorptive

coerficient of soils.

(Left spots of each soil are no salt treatment, right spots of each soil are NaCl 0.5 mole treatment.)
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Fig. 2. Effect of ionic strength in the bulk solution which obtained from equilibrating with neutral 2.5%
ammonium phosphate in each NaCl concentration treatment and soil solution on ammonium nitrogen

adsorptive coefficient of soils.

(Left spots of each soil are no salt treatment, right spots of each soil are NaCl 0.5 mole treatment.)
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Fig. 4. Relationship of X,SO4 salt treatment between N *# %=
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(Number show K,SO4 concentration treatment.)
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