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

Part 2. Relationships Between the pH of the Soil Solution
and the Methods for Separating the Soil Solution
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Table 1. Some properties of soil used
pH CEC Exchangeable bases (me/100 g) Base
Soils saturation
HO0  KCl me/100 g Ca Mg K Na %)
1, 76% 5.05 450 16.5 3.71 0.72 0.31 0.10 29.3
2, 78% 5.70 4.70 16.5 2.50 0.57 0.39 0.06 20.9

* years of sampling
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Fig. 1. The rough sketch of the device for
obtainning the soil solution by the
replacement with ethanol.
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Fig. 2. pH and EC of the soil solutions
separated from the soils treated
with Ca(NOs): by the three kinds
of the methods.

* A fraction 5 mé.
** Ca{NOs); 1m mole/100 g soil, soil pH (1:2.5)
=4.80

Table 2. pH and ionic compositions of the soil solutions separated
by the three kinds of the separation methods, from the
soils treated with CaCOs
Amounts of Soil pH Methods of - EC Ionic concentration Tofl*".‘
i carbonic
CaCOs added  (H,0, 1:25) separation P Ca Mg K Na acids
mmole/100 g mmho/ | me/é |  mmole/¢
soil cm
Replacement 480 191 93 09 15 07 trace
Centrifugal 445 1.94 91 09 16 08 0.3
0 4.80 Pressure-
membrane (Np)* 560 1.87 88 09 13 08 0.4
” » (air) 6.00 1.82 86 08 14 08 0.3
Replacement 720 243 187 05 08 06 2.8
Centrifugal 700 239 171 04 11 0.6 15
2 7.00 Pressure- 725 229 179 04 09 06 16
membrane (Ny) ’ : : : : : :
w »  (air) 720 232 173 04 09 06 23

* gas for the pressure.

*#%  Total carbonic acid=CO,+H,CO;+HCO374-CO;5™.

%2 HEME; COp HyCOs HCO3; CO7~ D#HF
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THD, WOLETIZA45 L 2RED, HE & b
pH iwiEV MR R LTz (Table 2), — R T2, %
A AW X BINEET 5.60, 2550z X B INE T 6.00 &g
b, :HpH X bd 1pH BEEEEERZR LA, L
2 UIRER /v > o AR T B K & a2l
DoT, 7.00~725 Okt EofEER/RL, +3EpH
7.00 &L DETNED 5 2,

TR D EC w2\ Ty, ERIGERI K X 722 il
Do, REEA A Y A4ET I+ 1.9 mmho/cm,
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UHEBEERO D L 0 2B E2RTEA2H -
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DFA F VRER, FERE BRI > THLREK
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ERFEDOL NI 5T,
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Table 3. pH, EC and ionic compositions of the soil solutions
from the soils treated with HNO;, by the 3 kinds of
separating methods
oAfmI?Illl\?és Soil pH— Methods (fkf oH  EC Tonic concentration
added H,0 KC] separation Mg Mn Al K Na NH4sN NO;-N Cl SO.-S
mmole/100 g mmbho/ | ppm - I
soil cm
Rep. 555 038 7.8 31 03 10 18 7.0 14 11 115 11.8
0 545 4.30 Cent. 525 0414 84 36 02 05 18 85 17 13 83 10.3
Pres. 615 0517 76 36 02 0 59 88 14 14 79 104
Rep. 460 126 59 25 21 07 40 14.0 50 131 103 7.2
0.5 4.80 — Cent. 455 130 60 24 2.0 0.7 42 158 50 132 93 55
Pres. 535 122 57 25 20 O 42 150 47 137 83 12.2
Rep. 445 207 130 50 42 15 53 177 66 243 77 74
1.0 4.65 — Cent. 465 205 132 48 45 13 53 188 67 241 74 3.8
Pres. 515 194 124 47 4.2 trace 50 189 61 226 65 6.0
Rep. 415 344 298 91 70 62 71 252 80 427 61 22
2.0 4.45 — Cent. 430 347 298 90 66 53 71 156 94 417 72 24
Pres. 470 329 298 8 6.8 23 66 156 83 417 62 4.3

* Rep: Replacement Cent.: Centrifugal

Pres.: Pressure-membrane (Nj)

Phosphorus concentrations were below 1 ppm in all the samples.
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Table 4. pH, EC and ionic compositions of the soil solutions from the
soils treated with CaCOs, by the 3 kinds of separating methods
Amounts Seil ol Metlflods Tonic concentration (ppm)
of CaCOs }10 Bfﬁ separa. PH EC Total
added 20 KCI Separa Ca Mg Mn Al K Na NH-N NOrN Cl S0, carbonic
. acids
mmole/100 g mmho/ « Ppm mmole/¢
soil cm
Rep. 555 0388 7.8 36 03 10 180 7.0 138 11.1 115 16.8 trace
0 545 430 Cent. 525 0414 84 36 02 05 182 85 165 13.3 83 10.3 trace
Pres. 6.15 0517 76 36 02 0 594 8.8 138 14.4 79 164 trace
Rep. 570 0420 86 76 02 16 84 73 187 199 105 17.6 0.3
0.15 565 445 Cent. 540 0432 7.8 7.6 0.2 trace 9.2 80 193 19.8 90 242 trace
Pres. 580 0342 7.8 64 0.2 trace 14.0 72 138 16.9 96 136 07
Rep. 565 0416 104 8.2trace tracel3.2 7.0 115 12.1 78 26.1 05
0.5 585 445 Cent. 520 0435 104 8.0 trace 0.5 154 72 138 14.0 65 19.7 trace
Pres. 6.05 0370 86 74 0.2 trace 11.8 58 110 11.7 58 18.3 trace
Rep. 645 0611 46.2 9.6 trace 1.5 8.0 59 24.2 23.1 85 386 09
5.0 655 550 Cent. 6.25 0589 422 8.8 trace trace 7.4 6.8 24.2 247 83 36.5 trace
Pres. 6.55 0543 412 88 trace 0 6.0 63 165 221 73 180 trace
* Symbols are the same as Table 3.
Phosphorus concentrations were below 1 ppm in all the samples.
EC o) Rep
;n.n,o © Rep. 309 MRS Cm A Cent
5 A Cent.
=) o Pres
N o O Pres.
L 05 o® 2
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Zz
g a o gD
) e S
] 3 5 6 o 7
o 2 ogq a L9 SOIL pH —F8
) o A (HO, 1:25)
%"’-5 A 05 0015 05
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AMOUNT OF HNO3 ADDITION  AMOUNTOF CaCO3 ADDITION
ig. 3. The diff in pH bet th . . .
Fig. 3 soif S(:luigzzzea:; I:he sf)i‘lzeen € Fig. 4. EC of the soil solutions separated
from the soils treated with CaCOj3
B AR R A T, TR 2 and HNO; .by the three kinds of
. ik the separation methods.
fBoEmH: & b & L REMEINCH - oo RIRFRITAR
BewPhiERETH Y, RREHOZELZ D R N OMEREECIIME # 1k R 2 e —

Motz

RE4: EBERN, BRUBREKOERERE—
EIO—-XEDA F EAE—

Table 5 @ & 5 5% U A= BT VAWR % IEREE B X
>, BERIFALHGTMERS Ui, MEZIGHEE
wEELC 2kg/em? & bkg/em? DIE T » %, KT
Sméfgn v 57 v g vichV, —EREEME % & 1k
L, RGERM AR L CobTeft L,

AR Ao B S hi, ol OB
e - XEDNFC LA D Z AT, A4 VvD7
57 a VEOEEBIT 2kg/em? OIEIE B TIIKR X
P& R & fhs o 7 (Table 6), L L 5kg/em? infE
BETREANY DA, =22y n, BRI 757>
2 VOERETHY, Bllov 57> vTEWERR
THEADD o 7ee & BHX T OB, 757>
av1le7357va vTIDEEXT20ppmicbiE L,
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Fig. 5. Relations between pH and aluminium
contents in the soil solutions. (The
same treatments in the three methods
were connected with solid lines)

Table 5. The test solutions to check the per-
meability in ions in the pressure
membrane methods

Compositions of

salt added

Solution Remarks

I Ca(N03)z, Mg(N03)2, NOg: 10 me/ﬂ
NaCl, KH,PO, other ions: 5 me/é

]I KzSO4, Alclg, each ion: 5me/5

H4NO;
T * Ca(NO3);, MgSO,, Ca: 10, Mg: 2, K,
NaNQOs, KC1 Na: 0.5, NO;: 105,

SO;: 2, Cl: 0.5 mefé

1w Ca(NOj)y, MgSOy,, Al 15 ppm added to

NaNOQ;, KCl, AICl; the III
v HNO; 104 M, pH=4
Vi Re-deionized water

*  Salt solutions resembled for real soil solu-
tion.

7w 11 OMERB G (Table 7), 7 v & =7 AfEEE
LB FE L7 57 v 2 vRIKKEREIADLRT,
FRMEDBZ X BELRDLRAEA . L Ui
BE, 73 =9 AT T 7 s YERENEDORT,
BRIz 2 kg/em? DM EEMATIE, 772 a v 1T
54 ppm & KD, BED 7 F 2 > 2 Viz# 60 ppm
LT —ElE% R L, Skg/cm? in 188 T
757 VCEL, WiRER LK R 777V av
TEBWTH 60 ppm T Lighi ol 743 =7 402
Bk & DA R L, 2kg/em2 0 MEEBTIL7
73 v1Tl5ppm OEZRLIED, 75732
LR 20 ppm E—EDOfE TH o7 LA L Skglem?
OMEREE CIERBENECEI b, 757vav

Table 6. pH and compositions of the solution
filtrated with pressure membrane
method for sloution I.

Fragtion ;g Ca Mg K Na P Cl

2kg/cm? | ppm |

pressure**
1 580 85 53 176 99 116 157
2 580 &8 53 174 100 123 147
3 590 — — 197 101 123 156
4 6.00 84 53 197 103 121 141
5 610 85 55 182 104 121 145
6 620 84 55 185 105 122 141

residual sol. 590 86 55 182 105 130 143
original sol. 495 94 59 203 113 157 163

5kg/cm?

pressure**
1 555 — — 180 104 110 150
2 560 81 49 176 100 111 157
3 565 83 52 172 99 118 155
4 570 83 54 173 99 130 143
5 575 84 55 174 101 126 157
6 585 8 57 172 101 131 152
7 590 91 60 177 104 132 156

residual sol. 570 91 61 183 107 147 155
original sol. 505 93 60 200 114 157 161

* A fraction: 5mé.
**  Velocity in filtration, 2 kg/cm2=0.2 m#/min.
5kg/cm2=0.3 mé/min.

1T lppm L FCH D, BEOC7 T2 > s vOEE
BEEARTORERIDPLRNTH -1,

Fig. 6, 7 wBE¥%, AR L e — X i -
TV AREEOEBBRERIN 757 3v4,5,60
FHBEYH L LUTRL, PAYT L, w7507y
L, A, F U ya, B OHEFRE 2 kg/em? DINFERE
BTTR S IHERECR L OWIRO A 4 VIRERFEK X
D HEL I B D - 7. 5 kglem? DNERLA T,
AV, FhU s, B EEN2kg/em? OIfEREE L
7 CRHIE & 7ohd, BEDMBO 1 A4 v X b HETHIGD
KEMot, 7 vE=y AL RMBEORTICOVLTIE
TR X p BEAILIAD R ok, LELT AT =
7 A ETERIK EIREERH D, LTI =y AD
BELRRE Y,

B pH o2 bic2ov-Tit (Fig. 8), %K VI oF it
WA ZB L TCoBE pH FEH pH XY @< ko
foo BV 0 10+ M B ORETHIRE pH40 25
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Fig. 8.

Changes of filtrated solutions in pH
by the pressure membrane method.
* A fraction 5mé.
* 2kg/em (N, gas)
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Table 7. pH and ionic compositions of the
solution filtrated with pressure
membrane method for solution II
Fragtion pH NHeN NO;-N SO, Al#*
2kg/em?** ! ppm |
pressure
1 4.35 69 64 54 15
2 4.37 68 67 60 20
3 437 67 62 62 20
4 4.37 68 61 62 20
5 437 68 64 63 21
6 437 70 64 60 20
7 4.43 69 62 62 19
Residual sol. 4.25 69 65 73 34
Original sol. 4.07 67 65 81 42
5 kg/cm®**
pressure
1 4,55 70 55 42  trace
2 4.45 68 62 44 4
3 442 72 55 46 8
4 440 69 55 49 11
5 4.40 67 65 51 13
6 4.37 68 66 52 16
7 4,37 70 65 54 18
Residual sol. 4.20 69 61 78 38
Original sol. 4.10 69 61 79 42

* A fraction 5 mé.
**  Velocity in filtration, 2 kg/cm?2=0.25 mé/min.
5kg/cm?=0.60 m4/min.
*k  Calculated as A3+,

pHB55~58 ~& bR Uiz, ¥ AEBKOIMGATE, B
&L Cix pH 495 225 pH6 T~ LIHK 7 5
s e VEBEERLTWS, ¥R7/4 1 =7 ARENY
5 me/d DEWE 11 Tk pH 41 205 43 ~DZEbic &g
W, LA LT3 = AP 216 ppm ORIV Tla
EgpH415 7527 v 2 v 1 TH45 D% 7R L7
2D 75 7 v 2 v Ok pH #METF UTEEK pH s
Sep, 7F v a BB WTh pHA TH Y, K
W pH X b b 0.8 pH BALEETH » o, HIEERIC
AR B Ao 11T CLR R pH 5.65 A3 6.2~68 ~ L7
5 v VB ER LTV,

L. = £

SEREEIT X » Tk o pH 2 T % &,
AR TR TR FERE CHRER L o LEi pH O 24

HEgpH X v dEHEEAASb W, Thbb, JE
i T AT S pH 23R IR Th, W pH i
BNEWD T ERR D, T ORI E A os
wh XA 50, JEFEOHE DR DSOS L Thig,
BB ME,R S B EEL bR B,

FRARB®SCD S LT, TR T3 3o
AFH, & RBEHOTLANE L Ebh b, ¥
{#8 Uizt v — XD 1 4 v FEE OB X - OB
M EN SRS RT, FOdrHBEw pH 2 L5
5 EbFE2LRB,

FEER 2 \REE I Ny AR LB RN LR R RS
B LIeGGT CHRREY B LIb o Ths, 1l
WOBIEC X 22 RBOMRIISRBERENEEY
Chbhic, Th%iEfE LT Table 8 iR L7=23,
4 R BB BRIEY 100 b5 L0k 54, Ry 57
(BHR), 82 (BK) ThbH, HREEAA VIROWTHRAT
FHRRDH D, KREERGEOE, FEBEAERE X b L E
7 > TV B,

FLHE TIRBIMEVCER O —212, BRI THRE
BOZBREFEOLENPSIITL, AR eHORBCBTL
F A S B i T R 00 — R ASEKUF B TTREME A
BB FEEE CIIINERRIEC & » TRREEEEIEE D
CERIRF I RIS, Lo LhEEZe R0 R i AL R
KRLADR B/ AL [ Poo,=10-35 (FJE) L& L4
ik, 10 ZEDMET T Peo,=10x10-35, = kit
AT EFEIRDB R (H,COs)=10-147x Po,
(25°C)=10-147x 10~25=10-4 3 7¢ 3> % 0.1 mmole/4 T
HBo Utchio TR O LK REE 7 A 5y EAK
KA B E BRI 5 R T Al L, E
C X o TERBEN L. BUABET A LBME

Table 8. Total carbonic acid and HCOj7 content
in the soil solution, separated by the
three kinds of the method

Amounts of Methods of Total

CaCO; added separation carbonic acids HCOz

mmole/100 g mmole/é me/é
soil

Replacement 2.8 (100) 2.4 (100)
25 Centrifugal 1.5 ( 54) 1.2 ( 50)
Pressure-membrane 1.6 ( 57) 14 ( 58)

(N2)*
, » 23 ( 82) 1.8 ( 75)

(airy*

* gas for pressure.
** calculated from total carbonic acids and pH.
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K LHME L b beRBIME-C L oE2 5 &,
TG O—EIIME N A LBBR I D TN S B,
Lovb EREOHE, MET CFF L Cu e Ssr i
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Table 9. Reduced amounts of aluminium and
sulphate ions by the filtration with
the pressure membrane method

.((S)g{'ginal) _(géf.rated) (;gﬁ%dua])_ (gé;?'ated)

Fraction
No.* Al SO, SO/ Al Al S0, SOJ/Al
mmole X 200 mmole X 200

2 kg/cm?

pressure
1 1.00 0.85 0.85 0.70 061 0.87
2 082 064 078 052 040 079
3 082 058 0.71 052 034 065
4 082 058 071 052 034 065
5 0.78 057 0.73 048 033 0.69
6 0.82 065 0.79 052 041 079
7 085 058 0.68 056 034 0.60

average 0.75 0.72

5kg/cm?

pressure
1 156 114 073 141 111 0.99
2 141 1.09 0.77 126 1.06 0.84
3 1.26 101 0.80 111 099 0.89
4 115 091 0.79 1.00 0.86 0.86
5 107 0.8 0.79 093 0.83 0.89
6 096 084 088 082 0.82 1.00
7 0.89 069 0.76 074 067 091

average 0.79 0.88

* A fraction 5 m#.

pPpm

w}
301
Al
20+
10
o ' o
4.0 a5 5.0

pH, solution

Fig. 9. Relations between pH and aluminium
content in the filtrated solution with
the pressure-membrane method.
(solution II, 5 kg/cm? pressure)
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Summary

A story has gotten abroad that the soil solution
which is the important medium for plant growth
is around neutral in pH even if the soil pH is
acidic under heavy fertilizer applications in plastic
green houses. In the previous paper, the authors
could not confirm the fact supporting the story.
To check this inconsistency, a comparison of the
methods for separating the soil solution, namely,
the replacement with ethanol, the pressure-mem-
brane, and the centrifugal methods, has been con-
ducted and is reported in the present paper.

Only the pressure-membrane method offered

evidence for supporting the story while the two
other methods did not. We conclude, therefore,
that the theory is not universally true: it depends
on a reaction between the membrane and soil
solution in the pressure-membrane method. As
a rule, soil pH coincides with the soil solution pH.
The results are briefly summarized as follows:

1. The pHs of the separated soil solutions were
around 4.8; these were nearly the same for the
soil pH, in the case of the replacement and cen-
trifugal methods. On the other hand, it reached
to 6.3 in pH in the pressure membrane method
which shows 1.5 pH units above that of the soil
pH. As for electrical conductivity, there were no
big differences among the three methods.

2. In the soils treated with calcium carbonate,
there were no differences in the soil solutions in
pH among the three methods and the pHs were
around 7.0; this coincided with the soil pH. Elec-
trical conductivity (EC) increased with the applica-
tion of calcium carbonate and there were no dis-
tinct differences in EC among the three methods.

3. When the pressure-membrane method was
employed, an increase of pH in the soil solutions
only occured when the pH in the original soil
was between 4.5 and 6.0; above this, there was no
increase. Aluminium and sulphate ion concentra-
tions in the separated soil solutions by means of
the pressure-membrane method decreased more
or less in the low pH ranges of soils.

4. The permeabilities in the cellulose membrane
used for the pressure membrane method decreased
to some extent in calcium, magnesium, potassium,
sodium, aluminium, chloride, and phosphorus with
the increase of the pressure. Especially, the
decrease of permeability was relatively high in
aluminium and phosphorus which had the tendency
to form precipitation on the membranes.

5. pH 4.0, the 10-4M nitric acid solution, was
changed to pH 5.5-5.8 after the filtration by the
pressure membrane, indicating that the increase
of the soil solution in pH may depend not only
on the removing of acidic substances such as alu-
minum but also on the decrease of the proton in
permeability.



