Direct pH Determination of Soil under its Natural
State by Quinhydrone Method.

I. Determination of pH in the Paddy-field Soil.
By
Arao Itano and Yasuhiko Tsuji.

[February 19, 1935.]

Previously the senior author (ITano!:?) devised a portable form of potentio-
metric apparatus for determination of hydrogen ion concentration by using
quinhydrone so that the determination can be carried out in the field or at
any convenient place in a laboratory. Eversince the apparatus has been used
quite extensively in various fields in this country as well as in other countries.
This method however can not be used directly to the soil under the natural
condition since the soil sample should be removed from the field and placed in
an electrode vessel before the determination is made. Consequently the author
has been seeking for a direct method for several years. Meantime, Verwerr®
reported a method by which Pu in soil can be determined potentiometrically in
its natural state so that its applicability was tested under the field condition,
180 determinations within 720 square meters in the experimental plot at this
"institute, by using VErwmir’s electrode in combination with Iraxo’s portable
apparatus, and the results are given in this paper.

Experimental :

Method of Procedure :
I, Apparatus used :
8.) Electrode : — The electrode is shown in Figure I.

(See FigureI on the next page.)

b.) Connection to the saturated calomel electrode :— The electrode box of
Irano’s apparatus is taken off from the potentiometer as shown in Plate XXXIIT
and the connection to the calomel electrode is made through Sat. KCl vessel (K)
as usual ; rubber tube (G) is attached to the end of glass tube coming from the

vessel, and a tip of a glass tube at the end of (@) is widened and has a special
arrangement as shown in Figure IL
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Figure L
Platinum Electrode,

H

f

E.= Ebonite (5x5x50 mm.) of which
the end is pointed and the neck
portion is depressed slightly where
platinum wire is wound.

()
4\

D.= Covered wire lead.

P.= Platinum wire (40 mm. long and
1 mm. diameter.)

Figure II.
End of Rubber Tube (G).

K @ S C

C.= Wooden cork, previously boiled in saturated KCl solution.
8.== Glass tube, of which end is widened like a funnel.
G.= Rubber tube.

K.= Saturated KCl, the entire system is filled with Sat. KCI
solution, excluding all the air bubble.
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¢.) Connection fo the potentiometer :— The platinum electrode and the
calomel electrode are connected to the posts P2 and Pi respectively as shown
in Plate XXXITII, and each post is connected to the potentiometer by means of
rubber coated wire of least resistance which is 100 meters lang so that the
measurements are made at any distance within the reach.

II. Determination of pH :

1.) Remove 2—4 cm. of the surface soil with spatula so that large particles
of organic debries and other materials are eliminated.

2) Smear the platinum electrode (Plate XXXIIT, E) with quinhydrone
paste (quinhydrone crystal is mixed with a small amount of distilled water and
made into paste) and insert the electrode into the soil as far as the platinum
part is imbeded. If the soil is too hard, make a hole with o stick as large as
the electrode previously so that the electrode can be inserted readily.

3.) Connection between the electrode and calomel electrode is made by
the rubber tube (Plate XXXIII, G) of which the end is immersed in Sat. KCl
solution and carrying an excess of St. KCl, pressed against the soil surface
close-by the electrode viz.+1 em. distance. If the soil is too dry, add a sufficient
amount of Sat. KCl to the soil so that good connection is made in the chain.

4.) After the chain is completed, the potentiometric readings are taken ns
usual at any convenient distance and place. Meantime the temperature of soil
near-by the electrode and a necessary correction is made.

Results :

For this investigation, a plot (720sq. m.) in the experimental field at our
institute, as shown in Figure III, was taken and the Pn measurement was made
in each 2sq. m., or 180 spots were tested. In each 2sq.m., two measurements
were made, one at the center of four rice plant stubs, and the other, close right by
a stub so that 360 such measurements were made in all besides others which will
be noted later. At the sametime, the similar determinations were made in those
squares, marked Z, by the methods which have been employed formerly viz.
air-dried or fresh soil samples in the laboratory.

The nature of soil is alluvial, sandy loam of which the composition® was
reported previously. The moisture content at the time of determination was
as follows:  (See Figure IIT on the next page.)

Samples. Moisture content,

33.3%
33.0
33.9
345
314

@ g0 o e

Average. .33.22
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Figure III.

Sections where the Determinations were Made.
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The results for each two sq.m. will be presented in the following tables
(Tables I—IX, inclusive) as to E.M.F. with temperature correction as Pu, average
Py, the deviation from the mean Py and the standard deviation which are noted
as follows :

Z = A center of four stubs,
R = Close by the stub,
E=E. MF. in millivolts at 18°C,,
D = Deviation of Py from the mean,
D? = Square of deviation,
2 = Sum of Pu values,
Mean = Average of Pu values,
o = Standard deviation.

¢ was calculated by the following equation :

a=/__§__§‘;L_

in which
2 = Sum of Py values,
D?* = Square of deviation,
S = Frequency,
7 = Number of variants.

Table I. (Section A.)
Determinations were Made under Natural Conditions in the Field.

Bpot X ' Spot R

No.

E (m.v)| P D | D* |E(mv)| D D
1 119.3 580 | 4027 | 00720 | 1158 586 | —0.15 | 00225
2 146.0 534 | —019 | 0.0361 78.6 651 | +050 | 0.2500
3 129.8 5681 | +008 | 00084 | 1044 8.08 | +005 | 0.0025
4 1424 540 | —0.13 | 00169 | 1284 584 | —037 | 0.1369
5 1324 557 | +004 | 00018 | 1203 579 | —0.22 | 00484
6 130.4 561 | 4008 | 00084 | 111.3 594 | —-007 | 0.0049
7 128.9 563 | +0.0 | 0.0100 96.7 618 | +0.17 | 0.0289
8 108.7 801 | +048 | 02304 | 916 8.28 | +027 | 00729
9 129.9 561 | +008 | 00084 | 1057 803 | +0.02 | 00004
10 1223 575 | +022 | 00484 | 1132 591 | —0.10 | 0.0100
11 138.5 546 | —0.07 | 0.0049 97.0 8.18 | +0.17 | 0.0289
12 143.0 539 | —014 | 00196 94.7 822 | 4021 | 00441
13 136.2 551 | —002 | 00004 | 1114 593 | —0.08 | 0.0064
14 1434 538 | —0.15 | 0.0225 815 645 | +0.44 | 0.1936
15 139.9 544 | —009 | 0.0081 101.9 610 | 4009 | 00081
16 154.8 518 | —035 | 01225 | 1240 572 | —029 | 0.0841
17 137.9 547 | —008 | 00036 | 1111 594 | —0.07 | 00049
18 125.0 570 | +017 | 00289 | 1189 580 | —0.21 | 00441
19 - 149.7 527 | —028 | 0.0878 | 117.9 582 | —019 | 0.0361
20 138.9 546 | —007 | 0.0049 | 1197 579 | —0.22 | 00484

= 110.59 120.15

Mean 5.53 8.01
o 0.1895 0.2320




Table II

(Section B.)

Determinations were Made under Natural Conditions

in the Field.

————— -
Spot X Spot R
= ( mlj]\'.) P D D* ( mI.cv.) P D D*
1 123.9 5.72 +0.21 0.0441 115.8 5.86 +0.16 0.0256
2 1324 5.57 +0.08 0.0036 120.3 5.79 +0.09 0.0081
3 146.6 5.33 —0.18 0.0324 120.3 5.79 +0.09 0.0081
4 150.6 5.26 —0.25 0.0625 136.5 5.50 —0.20 0.0400
5 131.9 5.58 +0.07 0.0049 127.9 5.65 —0.,05 0.0025
6 1454 5.35 —-0.16 0.0256 135.4 5.52 —0.18 0.0324
7§ 1420 541 —0.10 0.0100 131.9 5.58 —0.12 0.0144
8 121.8 5.75 +0.24 0.0576 96.7 6.18 4048 0.2304
9 125.9 5.68 +0.17 0.0289 121.8 5.756 +0.05 0.0025
10 122.3 5.76 +0.24 0.0576 1223 5.76 +0.05 0.0025
11 1223 5.75 +0.24 0.0576 130.7 5.61 —0.09 0.0081
12 149.6 5.27 —0.24 0.0576 118.7 5.80 +0.10 0.0100
13 157.9 5.13 —0.38 0.1444 124.9 5.70 0.00 0.0000
14 134.8 5.53 +0.02 0.0004 132.7 5.56 —0.14 0.0196
15 126.6 5.687 +0.16 0.0256 155.4 5.17 —0.33 0.1089
18 1404 543 —0.08 0.0064 128.1 5.65 —0.05 0.0025
37 134.3 5.54 +0.03 0.0009 110.7 5.94 +0.24 0.0576
18 136.3 5.51 0.00 0.0000 134.3 5.54 —0.16 0.0256
19 133.8 5.54 +0.03 0.0009 128.6 5.63 —0.07 0.0049
20 145.6 5.34 -0.17 0.0289 106.9 6.01 +0.31 0.0961
2 110.11 113.98
Mean 5.51 5.70
o 0.1803 0.1871
Table III. (Section C.)
Determinations were Made under Natural Conditions
in the Field.
Spot X Spot R
No. E
(m.v.) Pu D D* (m.v.) P D Dt
1 130.4 5.61 +0.11 0.0121 110.2 5.96 +0.21 0.0441
2 90.0 6.31 +0.81 0.6561 120.3 5.79 +0.02 0.0004
3 1203 5.79 +0.29 0.0841 129.4 5.62 —0.15 0.0225
4 151.0 5.256 —0.25 0.0625 95.7 6.20 +0.43 0.1849
5 1414 5.42 —0.08 0.0064 1514 5.24 —0.53 0.2809
6 146.0 5.34 —0.16 0.0256 101.7 6.10 +0.33 0.1089
7 146.0 5.34 —0.16 0.0256 121.8 5.75 —0.02 0.0004
8 122.3 5.75 +0.25 | 0.0625 83.9 6.41 +0.64 | 0.4096
9 140.5 5.43 -0,07 0.0049 849 6.39 +062 | 03844
10 126.9 5.67 +0.17 0.0289 109.8 5.96 +0.19 0.0361




Spot X Spot R
No.
E (m.v.) Py D D E (m.v.) PR D DS
11 139.0 5.46 —0.04 0.0016 107.7 5.99 +0.22 0.0484
12 145.5 5.34 —0.16 0.0256 133.1 5.56 —-0.21 0.0441
13 139.3 5.46 -—0.04 0.0016 143.4 5.38 —0.39 0.1521
14 142.4 5.40 =0.10 0.0100 139.3 5.46 -—0.31 0.0961
15 141.0 542 —0.08 0.0064 139.9 5.44 —0.33 0.1089
16 161.7 5.23 -—0.27 0.0729 1353 5.53 —0.24 0.0576
17 134.3 5.54 +0.04 0.0016 1425 5.40 —0.37 0.1369
18 161.3 5.08 —0.42 0.1764 91.9 6.27 +0.50 0.2500
19 136.8 5.49 —0.01 0.0001 122,56 5.74 -0.03 0.0009
20 124.7 5.70 +0.20 0.0400 150.0 5.27 —0.50 0.2500
p 110.03 115.46
Mean 5,50 5.77
c 0.2554 0.3615
Table IV. (Section D.)
Determinations were Made under Natural Conditions
in the Field.
e ]
Spot X Spot R
No. B . . 2 A
(m.v.) = D D (m.v.) P D D
1 105.7 6.03 +4-0.38 0.1444 91.6 6.28 +0.35 0.1225
2 115.8 5.86 +0.21 0.0441 105.7 6.03 +0.10 0.0100
3 104.1 6.06 +0.41 0.1681 1274 5.66 —0.27 0.0729
4 1284 5.64 —0.01 0.0001 1274 5.66 —0.27 0.0729
5 128.9 563 —0.02 0.0004 1229 5.73 —0.20 0.0400
6 126.4 5.68 +0.03 0.0009 122.4 5.74 -0.19 0.0361
7 1314 5.60 —0.05 0.0025 89.0 6.32 +0.39 0.1521
8 114.8 5.87 +0.22 0.0484 102.7 6.08 +0.15 0.0225
9 113.8 5.89 +0.24 0.0576 92.6 6.25 .40.32 0.1024
10 130.4 5.61 —0.04 0.0220 108.2 5.99 +-0.08 0.0036
11 114.2 5.89 +0.24 0.0576 89.0 6.32 +0.39 0.1521
12 124.9 5.70 +0.15 0.0225 124.9 5.70 ‘—0.23 0.0529
13 135.2 5.53 —-0.12 0.0144 120.7 5.17 —0.16 0.0256
14 136.2 5.51 —0.14 0.0196 147.6 5.30 —0.83 0.3969
15 153.3 5.22 —0.43 0.1849 112.2 5.92 -0.01 0.0001
16 1425 5.40 —0.156 0.0225 124.0 5.72 —0.21 0.0441
17 136.3 5.51 —-0.14 0.0196 122.0 575 —0.18 0.0324
18 1445 5.36 —-0.29 0.0841 91.0 6.29 +0.38 0.1296
19 1333 5.56 +0.09 | 0.0081 114.0 5.89 —0.04 [ 0.0016
20 136.5 5.50 —-0.15 0,0225 92.0 6.27 +0.34 0.1156
b 113.05 118.67
Mean 5.65 5.93
c 0.2149 0.2816




Table V.

(Section E.)
Determinations were Made under Natural Conditions

in the Field.
e
Spot X Spot R
= (m}:]v.) P D b* (mI.cv.) P D D*
1 105.7 8.03 +0.54 0.2916 103.7 6.06 4-0.18 0.0324
2 131.4 5.60 4-0.11 0.0121 98.3 6.17 +0.29 0.0841
3 1173 5.84 +-0.36 0.1225 101.1 8.12 +4-0.24 0.0576
4 139.4 5.45 —0.04 0.0016 89.3 6.32 +0.44 0.1936
5 1494 5.28 —0.21 0.0441 119.4 5.80 —0.08 0.0064
6 150.0 5.27 —0.22 0.0484 133.9 5.54 —0.34 0.1156
'7 118.8 5.80 +0.31 0.0961 111.7 5.92 +0.04 0.0016
8 121.8 5.75 +-0.26 0.0876 82,6 6.43 +4-0.65 0.3025
9 129.9 5.61 +0.12 0.0144 121.8 5,75 —0,13 0.0169
10 131.9 5.58 +0.09 0.0081 99.7 6.13 +4-0.25 0.0625
11 119.3 5.80 +0.31 0.0961 156.7 5.15 —0.73 0.5329
12 153.8 5.20 —0.28 0.0841 102.1 6.10 +0.22 0.0484
13 1404 5.43 —0.08 0.0036 139.3 546 —0.42 0.1764
14 143.0 5.39 —0.10 0.0100 97.8 6.17 +40.29 0.0841
15 146.1 5.34 —0.15 0.0225 1224 5.74 —0,14 0.0196
16 151.7 5.23 -0.26 0.0676 132.2 5.58 —0.30 0.0900
17 161.3 5.08 —0.41 0.1881 - 95.0 6.22 +40.34 0.1156
18 144.0 5.37 -012 0.0144 134.8 5,53 —0.35 0.1225
19 150.1 5.27 —0,22 0.0484 133.8 5.54 —0.34 0.1156
20 140.5 5.42 -—0.,07 0.0049 113.2 5.91 +0.03 0.0009
b2} 109.74 117.64
Mean 5.49 5.88
4 0.2476 0.3301
Table VI.  (Section F.)
Determinations were Made under Natural Conditions
in the Field.
o= p—
Spot X Spot R
- (mlj}v.) P D D (mF..:v.) P D D*

1 112.8 591 +0.41 0.1800 82.6 6.43 +0.69 0.4761
2 120.7 5.1 +4-0.26 0.0876 112.6 5.91 +0.17 0.0289
3 132.9 5.56 +0.05 0.0025 110.8 5.94 +0.20 0.0400
4 135.9 5.61 0.00 0.0000 108.8 5.98 +4-0.24 0.0576
5 152.5 5.22 —0.29 0.0841 160.5 5.08 —0.66 0.4356
6 146.0 5.34 —~0.17 0.0289 1520 5.23 —0.51 0.2601
7 129.9 5.61 +0.10 0.0100 119.8 5.79 +4-0.05 0.0025
8 121.8 5.76 +0.24 0.0576 88.8 6.32 4-0.58 0.3364
9 129.9 561 +0.10 0.0100 113.8 5.89 +4-0.15 0.0225
10 121.8 5.75 +0.24 0.0576 113.8 5.89 +4-0.15 0.0225




Spot X Spot R
No.
E (m.v.) Py D D® E (m.v.) Py D D®
11 1329 5.56 +0.05 0.0025 138.9 5.46 —0.31 0.0961
12 155.8 518 —-0.35 0.1225 90.8 6.29 +40.55 0.3025
13 135.2 5.53 +0.02 0.0004 146.5 5.33 ~041 0.1681
14 140.9 5.42 -0.09 0.0081 135.8 5.51 —0.23 0.0529
15 131.7 5.58 +0.07 0.0049 128.6 5.64 —0.,10 0.0100
16 146.1 5.34 —-0.17 0.0289 135.8 5.51 —0.23 0.0529
17 145.6 5.34 -0.17 0.0289 114.8 5.87 +0.13 0.0169
18 144.0 5.37 -0.14 0.0196 135.8 5.51 —0.23 0.0529
19 140.9 5.42 —0.09 0.0081 120.7 5.7 +0.03 0.0009
20 136.9 5.49 ~0.02 0.0004 140.9 542 —0.32 0.1024
2z 110.24 114.77
Mean 5.51
o 0.1874 0.3562
Table VIL (Section G.)
Determinations were Made under Natural Conditions
in the Field.
Spot X Spot R
i (ml.ﬂv.) P n D! ( m].zv.) P D b*
1 128.9 5.63 +-0.16 0.0256 112.8 5.91 +0.11 0,0121
2 135.5 5.52 +0.05 0.0025 1294 5.62 —0.18 0.0324
3 119.8 5.79 +0.32 0.1024 103.7 6.06 +0.26 0.0676
4 1234 5.73 +0.26 0.0676 1394 545 —0.35 0,1225
5 150.0 5.27 —0.20 0.0400 135.9 5.51 —0.39 0.1521
(] 1420 5.41 —0.06 0.0036 115.8 5.86 +0.08 0.0036
7 132.9 5.56 +0.09 0.0081 113.8 5.89 +0.09 0.0081
8 131.9 5.58 +0.11 0.0121 99.7 8.13 +0.33 0.1089
9 118.8 5.80 +0.33 0.1089 107.7 5.99 +0.19 0.0361
10 133.5 5.55 +0.08 0.0064 728 | 6.60 +-0.80 0.6400
) i | 139.0 5.46 —0.01 0.0001 121.8 5.75 —0,05 0.0025
12 167.2 4.97 —0.50 0.2500 86.7 6.36 +0.58 0.3138
13 152.7 5.22 —0.25 0.0825 139.3 5.46 —0.34 0.1158
14 1554 5.17 -0.30 0.0900 120.4 5.84 +0.04 0.0016
15 145.6 5.34 -0,13 0,0169 144.5 5.36 —0.44 0.1936
16 154.8 5.18 -—0.29 0.0841 132.2 5.58 —0.22 0.0484
17 1343 5.54 +0.07 0.0049 141.5 541 —0.39 0.1521
18 . 1358 5.64 +0.07 0.0049 148.0 5.30 —0.50 0.2500
19 119.7 5.79 +0.32 0.1024 129.8 5.61 -—0.19 0.0361
20 1436 5.37 —0.10 0.0100 90.0 6.31 +0.51 0.1601
b3 109.42 116.00
Mean 5.47
o 0.2238 0.3505




Table VIIL (Section H.)
Determinations were Made under Natural Conditions

in the Field.
S ————————————————————Sy
Spot X Spot R
i (mF.:v.) Py D D (m}:gv.) Pu b Dt
1 119.8 5.79 +0.38 0.1444 98.7 6.15 +0.38 0.1296
2 146.6 5.32 —0.09 0.0081 117.3 5.84 +4-0.05 0.0025
o 1426 5.40 —0.01 0.0001 123.3 5.73 +0.08 0.0036
4 149.6 5.27 —0.14 0.0196 133.5 5.55 —0.24 0.0576
5 135.4 5.52 +0.11 0.0121 128.4 5.64 -—0.15 0.0225
6 146.0 534 —0.07 0.0049 92.6 6.25 +4-0.48 0.2116
7 129.9 561 +-0.20 0.0400 92.6 8.25 +0.46 0.2116
8 119.3 5.80 +0.39 0.1521 J111.2 5.94 +0.15 0.0255
9 125.9 5.68 4027 | 0.0729 132.9 5.56 —0.23 | 0.0529
10 132.9 5.56 +0.15 0.0255 107.7 5.99 —0.24 0.0576
11 144.0 537 —0.04 0.0018 132.9 5.56 —0.23 0.0529
12 173.3 4.87 —0.54 0.2916 95.0 8.22 +-0.43 0.1849
13 152.7 5.22 —0.19 0.0381 147.6 5.31 —0.48 0.2304
14 146.5 5.33 —0.08 0.0064 143.9 5.37 —0.42 0.1766
15 153.3 5.22 —0.19 0.0361 142.0 541 —0.38 0.1444
16 1425 5.40 —0.01 | 0.0001 1394 545 —034 | 0.1156
1 1456 5.34 -0.07 0.0049 110.7 5.94 +0.15 0.0225
18 161.9 5.068 —0.35 0.1225 157.8 5.13 —0.66 0.4356
19 138.9 546 +0.05 0,0025 113.6 5.90 +0.11 0.0121
20 132.4 5.57 +4-0.16 0.0256 68.7 6.67 +0.88 0.7744
pH} ] 108.13 115.86
Mean 541 5.79
4 0.2244 0.3822
Table IX. (Section I.)
Determinations were Made under Natural Conditions
in the Field.
E ——— — ]
Spot X Spot R
No. E
vy Py D Dt ) Pu D Dt

1 122.9 5.73 #0.18 | 0.0324 123.9 5.72 —0.11 | 0.0121
2 152.0 5.28 —0.32 0.1024 103.7 6.06 +0.23 0.0529
3 86.2 6.37 +-0.82 0.6724 116.6 5.85 +0.02 0.0004
4 139.5 5.45 —0.10 0.0100 142.6 5.40 —043 0.1849
5 139.5 5.45 —-0.10 0.0100 90.0 6.31 +0.48 0.2304
6 133.5 5.66 0.00 0.0000 120.3 5.79 —0.04 0.0018
it 126.4 5.67 +0.12 0.0144 104.1 6.06 -+0.23 0.0529
8 129.9 561 +0.08 0.0036 110.8 5.94 +0.11 0.0121
9 132.9 5.56 +0.01 0.0001 118.8 5.80 —0.03 0.0009
10 139.0 5.48 —0.,09 0.0081 124.9 5.70 ~0.13 0.0169
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Spot X Spot R
= (ml.:v.) Pu D D* ( mlj:v.) P D D*
11 152.0 5.23 —0.32 0.1024 131.9 5.58 —0.25 0.0625
12 132.0 5.58 +40.03 0.0009 136.2 5.51 —0.32 0.1024
13 138.9 5.46 —0.09 0.0081 131.7 5.58 —0.25 0.0625
14 141.0 542 —-0,13 0.0169 115.2 5.87 +4-0.04 0.0016
15 1445 5.36 —0.19 0.0361 130.2 5.61 —0.22 0.0484
16 1415 541 0,14 0.0198 135.3 5.53 —0.30 0.0900
17 141.9 541 —0.14 0.01986 114.4 5.88 +-0.05 0.0025
18 140.5 543 —0.12 0.0144 121.1 5.17 —0.08 0.0036
19 129.8 5.61 4-0.08 0.0036 93.3 6.25 +4-0.42 0.1766
20 110.5 5.95 +0.40 0.1600 80.1 6.48 +0.85 0.4225
= 110.94 116.69
Mean 5.55 5.83
E 0.2485 0.2773

Table I indicates that even among those spots lie very elose each other,
somewhat big differences are noted in their Pu values, and in a marked case,
the difference of about Pu 0.5 was found ; the smallest Pu was 5.18 and the largest,
6.01 giving the difference of 0.8. For both X and R spots, a similar tendency
was observed, from which it may be stated that Pu values for the soil in the same
field vary by the spots where the measurements are taken. No marked difference
was found among the mean Pu values for different spots vis. Pu 5.5 for X and
Py 5.7 for R spots. It is noteworthy that the Pu values for the R spots are
always larger than those of the X spots which means the concentration of
hydrogen ions around the roots is less than that of the spots away from the roots.
It remains to be questioned however that this condition prevails through a year
or not. It may be different during the growing season of the plant, and again
the different plant may vary in this regard. This question will be investigated
later. The largest standard deviation for all the sections, 360 in all was 0.38
which means 0.80 in terms of Pu.

Determination of pH in Laboratory by the Methods used formerly :

In order to ascertain the comparative merits of this method with those
existing hitherto, the following tests were carried out.

The soil samples were collected from the same spots in those sections marked
(Z) in Fig.III and Py was determined by quinhydrone electrode with K-type
potentiometer under the following conditions :

1) The fresk soil mixed wnth distilled water (I :1).

2.) The air-dried soil, treated as above : The results of these tests are given
in Table X, XTI, XIT and XIII.
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Table X.

Results obtained on Fresh Soil in the Laboratory.
R —

Spot X Spot R
= mvy | 78 B e (m]?v.) Pu D ne
A1 96.1 6.20 —0.15 0,0225 114.3 5.89 —0.70 0.4900
Bi 100.2 68.13 —0.22 0.0484 80.1 6.48 —0.11 0.0121
Ct 81.8 6.46 +0.11 0.0121 66.8 8.70 +0.11 0.0121
D 82.1 6.44 +0.09 0.0081 87.9 68.34 —0.25 0.0625
Ei 851 { 639 +4-0.04 0.0016 723 |. 662 +0.03 0.0009
F1 100.1 6.13 —0.22 0.0484 58.2 6.68 +0.27 0.0729
Gi 78.6 6.50 +0.15 0.0225 59.9 6.82 +0.23 0.0529
Hi 93.4 6.24 —0,11 0.0121 60.4 6.81 +-0.22 0.0484
I 71.0 6.63 +0.28 0.0784 59.4 6.83 +0.24 0.0576
b} 57.12 59.35
Mean 6.35 8.59
o 0.1880 0.2999
Table XI.
Results obtained on Air-dried Soil in the Laboratory,
Spot X Spot R
B X Pu D Dt Py D Dt
(m.v.) (m.v.)
A1 135.2 5,53 —043 0.1849 110.8 5.94 —0.38 0.1296
Bi 105.5 6.04 +4-0.08 0.0084 99.7 6.14 —0.18 0.0256
1 105.4 6.04 +0.08 0.0064 98.9 6.18 —0.12 0.0144
Dy 109.1 5.98 +-0.02 0.0004 96.0 6.20 -0.10 0.0100
Ei 105.6 6.04 +0.08 0.0064 874 8.35 +4-0.05 0.0025
F1 121.2 5.77 -0.19 0.0361 81.5 6.45 +0.15 0.0225
G1 98.6 6.16 +0.20 0.0400 73.9 6.58 +-0.28 0.0784
Hi 117.4 5.83 —-0.13 0.0169 79.5 6.47 +0.19 0.0361
I1 95.1 6.22 +0.29 0.0876 75.3 8.39 +0.09 0.0081
P 53.61 56.72
Mean 5.96 6.30
o 0.2014 0.1907
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Table XII. (Section A.)
Results obtained on Fresh Soil in the Laboratory.
Spot X Spot R
No.
(mI.‘;v.) P D b* (m.v.) Pu D D*
A1 97.1 6.18 +0.28 0.0784 115.5 5.86 ~0.36 0.1296
A2 127.6 5.66 —0.34 0.1156 98.5 6.16 —0.08 0.0036
As 95.3 8.22 +0.32 0.1024 88.8 6.33 +0.11 0.0121
Aq 109.2 5.98 +0.08 | 0.0064 104.0 6.08 —0.18 0.0256
As 94.6 6.23 +0.33 0.1089 79.6 6.49 +0.27 0.0729
As 103.3 6.08 +0.18 0.0324 90.0 6.31 +0.09 0.0081
A7 109.9 5.96 +0.06 0.0036 95.8 8.21 ~0.01 0.0001
Ag 105.4 8.04 +0.14 | 0.0196 88.4 6.33 +0.11 | 0.0121
As 108.5 8.02 +0.12 | 0.0144 62.2 8.79 +0.57 | 0.3249
Ao 116.9 5.84 -—0.08 0.0038 98.9 6.15 —0.07 0.0049
A1 123.6 5.72 —0.18 0.0324 77.9 6.51 +0.29 0.0841
A 101.9 8.10 +0.20 | 00400 | 1059 6.03 —0.19 | 00361
A3 114.0 5.89 —0.01 0.0001 87.6 6.35 +0.13 0.0169
A 109.7 5.97 +0.07 | 0.0049 83.5 6.42 +0.20 | 0.0400
Ats 115.2 5.87 ~0.03 | 0.0009 90.4 6.30 +0.08 | 0.0064
Aite 110.0 5.968 +0.08 0.0036 96.2 6.20 —0.02 0.0004
A7 129.4 5.62 —0.28 0.0784 107.4 8.00 —0.22 0.0484
A 136.5 5.50 —0.40 | 0.1600 126.9 5.87 —0.565 | 0.3025
A9 130.0 5.61 —0.29 0.0841 99.1 6.15 -0.07 0.0049
Az20 132.0 5.58 —0.32 0.1024 107.3 6.01 —0.21 0.0441
= 118.03 124.33
Mean 5.90 6.22
o 0.2227 0.2094
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Table XIIIL (Section A.)
Results obtained on Air-dried Soil in the Laboratory.

-
Spot X Spot R
No.
( m]:gv.) P D D* (ml.av.) Py D D*
A1 135.2 5.53 —0.25 | 0.0625 | 1108 5.94 —0.10 | 0.0100
Az 610.6 6.02 +0.24 | 00576 | 103.6 6.07 +0.03 | 0.0009
As 96.6 6.19 +041 | 0.1681 84.6 6.40 +0.38 | 0.1296
A4 1166 5.85 +0.07 | 0.0049 | 107.2 6.01 —0.03 | 0.0009
As 100.0 6.13 +0.35 | 0.1225 89.7 6.31 +0.27 | 0.0729
Ag 119.0 5.80 +0.02 | 0.0004 104.4 6.06 4002 | 0.0004
A7 110.1 5.96 +0.18 | 0.0324 | 1087 5.98 —0.06 | 00036
As 116.5 5.85 +0.07 | 0.0049 89.6 6.31 +0.27 | 0.0729
Ag 119.5 5.79 +0.01 | 0.0001 76.8 8.53 +049 | 0.2401
Aw 120.4 5.78 0.00 | 0.0000 | 116.8 5.84 —0.20 | 0.0400
A 130.9 5.61 —017 | 0.0289 91.2 6.29 +0.25 | 0.0625
A2 1104 5.95 +0.17 | 0.0289 | 1175 5.83 —0.21 | 00441
A 126.0 5.68 —0.10 | 0.0100 95.1 6.22 +0.18 | 0.0324
A 116.1 5.86 +0.08 | 0.0064 100.0 6.13 +0.09 | 00081
A 117.6 5.83 +0.05 | 0.0025 1124 5.92 —0.12 | 0.0144
A 120.8 5.77 —0.01 | 0.0001 | 1066-| 6.02 —0.02 | 0.0004
An 127.1 5.67 =011 | 0.0121 124.5 5.71 —0.33 | 0.1089
As 133.1 5.56 —~022 | 00484 | 131.0 5.81 —043 | 0.1849
A 138.4 5.47 —0.31 | 00961 | 118.2 5.82 —0.22 | 00434
A 1455 5.34 —0.44 | 01936 | 1228 5.74 —0.30 | 0.0900
= 11564 120.74
Mean 5.78 6.04
o 0.2098 0.2414

For the sake of comparison, E, Py, D and D? values obtained under the
natural condition for the sections A, B, C, D, E, F,, G., H. and I, are given
collectively in Table XIV,
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Table XIV. (Section A1—Ii)
Results obtained under Natural Conditions in the Field.

Spot X Spot R
o (ml.‘)v.) n B bt (m]?v.) P D Dt
At 1193 5.80 —0.01 | 0.0001 115.8 5.86 —0.17 | 0.028¢
Bt 123.9 5.72 —0.09 | 0.0081 115.8 5.86 ~0.17 | 0.0289
C1 1304 5.61 —0.20 0.0400 110.2 5.96 —0.07 0.0049
D1t 105.7 6.03 +0.22 | 0.0484 91.6 6.28 +0.25 | 0.0625
E; 105.7 6.03 +4-0.22 0.0484 103.7 6.06 +0.03 0.0009
F1 1128 5.91 +0.10 | 0.0100 82.6 6.43 +0.04 | 0.1600
G1 128.9 5.63 —0.18 0.0324 112.8 591 -0,12 0.0144
Hi 119.8 5.79 —0.02 0.0004 98.7 6.15 +0.12 0.0144
Ih 128 5.73 —0.08 | 0.0064 123.9 5.72 —0.31- | 0.0961
bX 52,25 54.23
Mean 5.81 6.03
4 0.1469 0.2137

From the foregoing results, it is evident that the Py values among the spots
and sections vary when determined in the laboratory as noted under the natural
condition. The maximum deviation and the standard deviation for different
method, given in the preceding tables (Table I-—XIII inclusive) are presented
collectively in Table XV.

Table XYV. .
Maximum Deviations and the Standard Deviations.
Section A Section Ai1-Ii
Methods. Methods.
Natural. Fresh. | Air-dried.| Natural. Fresh. | Air-dried.
Maximum. Spot X| 048 0.40 0.44 0.22 0.28 0.43
deviations. | g v R | 0.0 0.57 0.49 0.40 0.70 0.38
Standard Spot X| 0.19 0.22 0.21 0.15 0.17 0.20
deviations. | g, s g | 0,23 0.21 0.24 0.21 0.30 0.19

Table XV indicates that no marked difference was noted among these
different methods. But it is clearly shown that the concentration of hydrogen
ions is less in R spot or a spot next to the stub.
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8.) Comparison of the resulls oblained by three different methods : Tixe results
obtained by three different methods for the sections A1-20 and A-T inclusive,
are given in Tables X VI and XVII, in regard to Pu.

Table XVI
Comparison of Results obtained by three Different Methods.
Spot X Spot R
No. Methods. Methods.
Natural. Fresh. Air-dried. Natural. Fresh. Airdried.
(Pu) (Pu) (Pn) (Pu) (Pu) (Pu)
1 5.80 6.18 5.63 5.86 5.86 594
2 5.34 5.66 6.02 6.51 6.16 6.07
3 561 6.22 6.19 6.06 6.33 6.40
4 5.40 5.98 5.85 5.64 6.06 6.01
5 5.57 6.23 6.13 5.79 6.49 6.31
6 5.61 6.08 5.80 5.94 €.31 6.06
if 5.63 5.96 5.96 6.18 6.21 5.98
8 6.01 6.04 5.85 6.28 6.33 6.31
9 5.61 6.02 5.79 6.03 6.79 6.53
10 5.75 5.84 5.78 5.91 6.15 5.84
11 5.46 5.72 5.61 6.18 6.51 6.29
12 5.39 6.10 595 6.22 6.03 5.83
13 5.51 5.89 5.68 5.93 6.35 6.22
14 5.38 597 5.86 6.45 6.42 6.13
15 5.44 5.87 5.83 6.10 6.30 5.92
16 5.18 5.96 6.77 5.72 6.20 6.02
17 547 5.62 5.67 5.94 6.00 5.71
18 5.70 5560 5.56 5.80 5.67 5.61
19 5.27 5.61 547 5.82 6.15 5.82
20 5.46 5.58 5.34 8.79 6.01 5.74
= 110.69 118.03 115.64 120.15 124.33 120.74
Mean 5.63 5.90 5.78 6.01 6.22 6.04
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Table XVII
Comparisons of Results obtained by three Different Methods,

mr__________—__________—____
Spot X Spot R
No. Methods. Methods.
Natural. Fresh. Airdried. Natural. Fresh. Air-dried.
(Pu) (Pn) (Pn) (Pu) (Pn) (Pu)
A1 5.80 6.20 553 5.88 5.89 5.94
B1 5.72 6.13 6.04 5.86 6.48 6.14
G 5.61 846 | 604 5.96 8.70 6.18
D1 8.03 .44 5.98 8.28 6.34 6.20
Ei 6.03 6.39 6.04 6.08 6.62 8.35
F1 5.91 8.13 5.77 8.43 6.88 6.45
G1 5.63 6.50 6.16 5.91 6.82 8.58
Hi 5.79 6.24 5.83 8.15 6.81 6.49
I 5.73 8.63 8.22 5.72 6.83 8.39
p) 52.25 57.12 53.61 54.23 50.35 56.42
Mean 5.81 6.35 " 596 8.03 . 859 6.30

As noted in these tables, the Pu values are smallest in all the cases than
by two other methods, followed by the air-dried and the fresh soils showed the
largest Pu values. However no definite difference in the results was found
between the natural and other two methods which may be due to a fact that
the soil samples were not exactly the same although came from very close spots.
On the other hand, a similar tendency was found between the latter two methods,
the air-dried soils showing less Pu as reported by Rosr®. As to the causes of
difference among the results obtained by three methods, several factors may be
considered. But an addition of distilled water to the soil in the former methods
may be the most important factor. Baver®, Crarx? and Perems® reported that
the roil-water ratio influence the Pu value, viz. less water gives less Pu. Conse-
quently in this case, the dilution by adding distilled water might have brought
the larger Py values in the last two methods.

4) Variation of pH within 2 sq. m. of soil: Further it was tested under
the natural condition within a 2sq.m. soil by determining at 9 spots, as shown
in Figure IV, and the results are given in Table XVIII and XIX.
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Figure IV.

—> ome—o

Table XVIIL

3 Results obtained within Two Square Meters under
Natural Condition.

Spot X Spot R
No.
(m].‘]v.) P D D* (m.v.) P D Dt
1 1438 538 | —0.09 0.6081 99.1 615 | -+042 | 0.1768
B 140.9 542 | —0.05 | 00025 | 1247 570 | —003 | 0.0009
3 118.6 581 | +034 | 01156 | 155.1 518 | —0.55 | 0.3025
4 140.5 543 | —004 | 00016 | 1478 531 | —042 | 0.1766
5 140.9 542 | —005 | 00025 | 108.5 802 | +029 | 0.0841
6 124.7 570 | +0.23 | 00529 | 1207 577 | +004 | 0.0016
g 140.5 543 | —0.04 | 0.0016 92.0 6.27 | +054 | 02916
8 140.9 542 | —005 | 0.0025 | 1389 549 | —0.24 | 0.0576
9 151.1 525 | —0.22 | 0.0484 | 1247 571 | —0.02 | 0.0004
b 49.26 51.60
Mean 547 573
o 0.1818 0.3483
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Table XIX.

Results obtained within Two Square Meters by three Different
Methods compared.

T ————
Spot X Spot R
E (m.v.) 140.9 ‘ 128.1 143.4 | 106.5 97.4 1116
Py 5.42 5.65 5.38 6.02 6.18 5.93

The results given in Table XVIII and XIX indicate that, as shown in the
preceding experiments, the variation of Py values was found in the soils close-by
each other, 0.5 m. distance in this case.

Among the results obtained by different methods, no marked difference
was noted.

Summary.

The concentration of hydrogen ions in the soil of paddy-field after the rice
crop was harvested, was determined under the natural condition by using Irtano’s
modified, portable potentiometer in combination with quinhydrone electrode
recommended by Verwerr, and the results were compared with those two
methods, namely 1. the fresh soil; 2. the air-dried soil, formerly employed in
the laboratory.

The results may be summarized as follows:

1) The present method gave less Py values, viz.: 0.21—0.56 less Pu against
the fresh soil and 0.03—0,27, against the air-dried soil measured in the laboratory.

2.) The Py values of the soils away from the rice plant stubs, were less than
those next to the stubs, which means that the soils around the stubs were less
acidic in all the cases examined.

8.) The special merits of the present method are noted below :

(a.) Under the natural field conditions, Py of soil can be determined
easily and quickly.

(b.) By carrying around only the electrode portion, the determinations
can be made at any spots within the length of wire attached, viz. :
100 m. in this case.

(c.) Py value at the root or under any other conditions such as the soil
profile can conveniently be determined.

(d.) The method can be used for other purposes besides the soil.
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PLATE XXXIIIL

Electrode Box.

Explanation of Plate XXXIII: (Electrode box.)

C = saturated calomel electrode, K =a vessel with saturated KCl solution;
G = a rubber tube with glass tube at the end which is plugged with a boiled
cork; E = platinum electrode; P; & Pz = posts which are connected to the
potentiometer.




PLATE XXXIV.

Complete Outfit.

{ !. .
Hrr 4y
G e

Explanations of Plate XXXIV: (Complete outfit.)

P = Irano’s portable potentiometer: W = double covered, compound copper wire
of 100 meters long; D = electrode box.




