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Comparative Studies on the Chemical Composition of Soil
Solution in lLand Used for Various Purposes

Part 3. Soil solution separated from corn fields derived
from volcanic ash soils in Tokachi district

Ryusuke HaTano, Hiroki IMAI and Hideo OkAJIMA

(Laboratory of Soils, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)
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Table 1. Cultivation methods.
Amounts of fertilizer Planting
No Soil* Plant vari. Seeding applied (kg/10a) density
N P,0s5 K,O MgO cmXcm
A Dry Wisconsin 110 5/15 10.4 12.8 10.4 4.0 66 % 30
B Dry Pioneer 5/15 9.1 12.6 9.8 14 66X 26
C Dry Pioneer 5/23 84 12.0 9.6 1.2 66 % 24
D Alluvial Wisconsin 110 5/11 10.4 12.8 10.4 40 66 33
E Wet Pioneer 5/20 91 11.2 91 35 .75%18
F Wet Pioneer 5/14 13.0 16.0 13.0 5.0 66X 24
G Wet New Dent 95 5/20 13.0 16.0 13.0 5.0 66 x 24

* Volcanic ash soils except D.
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Table 2. Treatments.
Treatment No 1 2 3 4
Amount of added K' (me/100 cm3) 10 10 2 2
Soil water suction (pF)* 2.5 1.8 2.5 1.8

* Volumes of the soil water of pF 2.5 and pF 1.8 {cm3/100 cm3) are 35.5 and 57.5 respectively

in Dry, while 38.0 and 57.3 respectively in Wet.
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They are 20.0 and 38.9 respectively in Alluvial.
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Fig. 2. Three phases and pF distribution.
(Numbers in the solid phase are bulk density, g/100 cm3)
Table 3. Soil water suction (pF) [40 days after fertilization].
Depth cm A B C D E ¥ G
0-5 31 3.2 31 3.9 28 29 2.9
5-10 3.1 29 2.8 3.3 2.6 2.5 2.6
10-20 3.0 2.8 2.5 2.5 24 2.3 24
20-30 2.6 2.7 25 24 2.3 2.0 23
30-40 25 2.5 2.5 2.4 2.3 2.0 2.3
Table 4. Some properties of soils investigated.
Exchangeable cations Base Total
Soil 1‘:51'5 mg/li:(%g . Mme/looi N saturation | Texture | carbon
a a
5 (%) (%)
Dry 5.70 12.0 5.4 0.4 0.3 0.1 51.7 CL 3.0
Wet 5.86 36.7 24,7 1.6 0.4 0.2 73.2 SL 9.7
Alluvial 6.05 11,0 85 1.5 0.8 0.4 95.2 SL 1.2
Distributions of soil pore volume (cm3/100 cm3) Porosity Bulk
Soil 0.2 pym 0.2-1.5 1.5-15 15-47 47-150 density Clay mineral
3
pF 42 4233 3323 2318 18-13 |om¥100em?®} g/100cms
Dry 21.3 7.2 12.0 17.0 5.8 72.0 77 amorphous
Wet 19.4 9.9 15.9 12.7 1.3 75.4 68 amorphous
Alluvial 11.7 5.4 6.0 15.7 10.7 64.4 105 kaolinite, illite
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Fig. 3. pF-soil moisture and pF-soil moisture

distribution curves.
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Fig. 5. Ionic composition of the soil solution
separated from soils sampled at 40 day

after the fertilization and at harvest.
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Distribution of pH and EC of the soil solutions in profiles.
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Fig. 8. Relationship between the amount of
soluble ions of the water extracted
solutions (soil: water; 1:5) and that
of the soil solutions.
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Table 5. pH and EC of soil solutions.

Treatment Dry Wet Alluvial
No pH EC*| pH EC*| pH EC*
1 523 175 |538 196 | 491 202
2 575 134 |556 152 |505 183
3 573 287 | 551 809|526 7.5
4 595 253 | 560 465|574 469

* mmho/cm

A B Cc D P20s  ma/1p0g
0 1 2 3 0 1 2 3 o0 1 2 3 o] 20 40 60 80 100
-~ 0 L I 1 1 ° n n 1 n
e
230
340
E F G
00 10 20 30 O 10 20 30 O 10 20 30 ABC D
D Alluvial
10 EFG Wet
gg S :: :{;ff:’:t after fertilization
40

Fig. 9. Available phosphorus in soils (Bray 1).
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Fig. 10. Ionic compositions of the soil solutions
separated from the soils incubated with

KCl and K,S80,.

1: 5me salts added, pF 2.5
2: 5me salts added, pF 1.8
3: 1me salts added, pF 2.5
4: lme salts added, pF 1.8

Bhhd, WELAMBOLIEERC OV TR L vy
ADEBEER D5 & (Table 6), Bi#Ti1z KY=10
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Fig. 11. Amounts of soluble ions of the soil
solutions separated from the soils
incubated with KCl and K;SO;.

Table 6. Activity products of CaSOy
of the solutions.

Soil (;léh:dﬁg(limfgi K (Ca?+)(SO%)x10-5
me/100 cm3 pF 25 pF 18
Dry 10 171 1.23
2 0.20 0.17
Wet 10 3.08 2.80
2 0.77 0.53
Alluvial 10 2.49 9.45
2 2.76 1.65

Activity product of gypsum saturated solution
is recognized as 2.45X10-5, 14
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bhh, ThOTHEHELNEDOLDOTHS, L Ll
FIF % B+ 5 HIREW A A+ VIR DWW T o—B OB
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ZETH ot £ LTELLBEEA 4 VRO M
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EMBNT ETH oI,
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AFECB VTS, BEOLBAREREE®R LD
ECERZ R LT, AES 3\ UM LC
W BE KIS LB O S BRI DT
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Fig. 12.

Tonic compositions of the soil solutions separated from the

soils in profile (Dry volcanic ash soil; Tokachi Agriculture
Experimental Station, June 21, 1978).
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Summary

The chemical composition of soil solutions sep-
arated from soils used as corn fields in the Tokachi
district were investigated vertically by sampling
the soil profile, once 40 days after seeding and
then at harvest. The fields were divided into three
groups according to their soil types: dry, wet vol-
canic ash and alluvial soils.

The chemical composition of the soil solutions
incubated with KCl and K;SO; was also checked
to clarify the characteristic response of each soil
to fertilization.

The results obtained are summarized as follows.

1) In all the fields, the soil solutions of the 0-
10 cm soil layer were high in concentration 40 days
after seeding in the order wet>alluvial>dry. The
dominant anion in the soil solutions was NOj.
The SO~ concentration was also high in wet vol-
canic ash soil and alluvial soil. The dominant
cations generally were Ca?* and Mg2+, The NH}
and K7 concentrations were also high in wet vol-
canic ash soil. The soil solutions were saturated
with gypsum in the soil layer with high SO%" con-
centration in wet volcanic ash soil and alluvial soil.
At harvest the concentration of the soil solutions
of all the fields decreased extremely.

2) Adsorbed anions on soil particles were ob-
served in both the volcanic ash soils. The domi-
nant adsorbed anion was SO3 and in particular
was found in much of the subsoil, while no ad-
sorbed anions were observed in the alluvial soil.

3) The Cl~ concentration was higher than that
of SO} in the soil solutions of the soils incubated
with KCl and K3;SO, There was a reverse rela-
tion between the soil moisture content and the C1~
concentration; that is, the lower the moisture con-
tent the higher the Cl~ concentration. The SO%~
concentration was kept relatively constant regard-
less of moisture content because of the gypsum
formation. This tendency was typically observed
in alluvial soil with low water retentivity. The
concentration of the soil solution of dry volcanic
ash soil was considerably lower than the original
concentration of the added salt solution, because
of the strong anion adsorption capacity of the soil.

4) At 40 days after seeding the concentration
of the soil solution obtained from alluvial soil came
between that of dry and wet volcanic ash soils.
The soil soultion of alluvial soil, however, was the
highest in concentration in the case of the incuba-
tion experiment. It may be said that NO3 concen-
tration quickly decreases after precipitation in the
alluvial soil field due to its low water retentivity.



