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

III. Determination of pH of Soils in the Dry Farm.
By
Arao Itano and Yasuhiko Tsuji.

[December 14, 1937.]

In the previous publications!*®, the direct method as proposed by Verwerr®
and also a new modified electrode were presented, and the Pu determinations were
made in the paddy-field. This paper presents the results obtained in the dry
farm which is different from the paddy-field especially in regard to the moisture
contents as well as the soil gradients so that it was necessary to test the efficiency
of the method.

Experimental.

Previous to the field tests, the following experiments were carried out :

Part 1. Preliminary Tesis.

1.) Influence of the moisture contents of the soil and its limit for the Py measure-
ments.

2.) Influence of the purity of quinhydrone.

3) Influence of the distance between the platinum electrodes with the quin-
hydrone paste and the calomel electrode.

4.) The time required to reach the equilibrium.

1.) Influence of the moisture contents of the soil and its limit for the pH measure-
menlts :

Under the dry farm condition where the moisture contents is very low in
general, it was first questioned if the sufficient dissociation of quinhydrone is
possible and also the conductivity of the soil itself is sufficient to permit the
accurate reading when the soil moisture is very low. In regard to this factor
Trormow® experimented with well washed quartz sand with various quantity of
buffer solutions added and found no difference whatsoever in the efficiency of
quinhydrone electrode. To substantiate the foregoing report, Kasrsaum quartz
sand was taken and after repeated washing for several days, dried and various




84 A, Iraxo and Y. Tsuar:

amount of Crarx’s buffer solution (50 cc. M/5 phthalate + 2.63 cc. M/2 HCI +
147.37 ce. H0) and Sorensex’s (30 cc. M/15 secondary phosphate + 70 ce. M/15
primary phosphate) were added, as indicated in Table 1 and the Py values were
determined.

Table 1
Detcrmination of Pu of standard Buffer Solutions in Quartz Sand.
Moisture Buffer solution
0 D!
Kinds. %- 5 . - ) "O alone.
Py Py Py Py PH
SORENSEN. 6.39 6.39 6.30 6.37 6.36
CLARK. 4.62 3.87 3.80 3.82 377

As noted in Table 1, very close results were obtained in case of SORrENsEN’S
buffer solution of which the Py value was larger than that of Crark’s where the
results were larger especially so in low moisture content. Judging from these
results, it seems that in case of higher acidity, hydrogen ions are absorbed by the
sand particles as well as slight impurity might have remained in the sand caused
the difference. In order to clarify this, both buffer solutions of higher concen-
tration were tried as follows: Saturated potassium phthalate, and the mixture of
M/1 primary and secondary phosphate solution, and tested as before. Table 2
gives the results obtained :

Table 2.
Determination of Pu of concentrated Buffer Solutions in Quartz Sand.
Moisture Buffer solution
Kinds. %. & & W o » i alone.
M/l KH2P04 Py Py Py Py Py Py Py
6.44 6.46 6.44 6.48 6.46 6.46 6.44
M/1 NagHPO4.
Sat. K-phthalate. 3.96 401 401 3.98 4.00 4,00 4,01

As Table 2 indicates, very close results were obtained which seem to indicate
that the quantity of moisture has little influence on the results, and as low as two
per cent moisture was sufficient to give good results. However it was questioned
if the same results could be obtained in case of the soil which in general absorbes
moisture much greater than the quartz sand so that the electric current may not
be conducted in the soil with the least amount of moisture which allowed the
passage in case of the quartz sand. The following experiment was carried out to
ascertain the influence of different moisture content in the soil on the determi-
nation of Px.

Determination of Py in the soil of different moisture contents.

The air-dried soil was taken to which various amount of water was added to
get 2—20 per cent moisture contents, left standing overnight and the Pu values
were determined. At the sametime, the Ph determinations were made under the
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natural, fresh and air-dried conditions and also the moisture contents were deter-
mined. The results are shown in Table 3.

Teble 3.
Py Determination in the Soil of which the Soil-water Ratio was adjusted.

Moisture %. 24 8.6 129 15,5 183 19.2
Natural. — 6.05 6.39 8.70 8.77 6.58
I. Py{ Fresh (1:1). 6.69 7.03 6.89 7.10 7.08 7.08
Airdried (1:2), 8,77 6.56 6.95 7.03 7.15 6.93
Moisture %. 49 8.3 8.8 11.0 11.2 14.9
Natural. 8.70 6.67 6.89 7.07 7.05 7.15

IT. Py
Fresh. 743 — — — — 7.62
Moisture %. 6.7 8.8 9.2 11.7 115 16.8
Natural. 6.63 6.90 6.95 7.12 7.14 7

II1. Py
Fresh, 7.40 — — — — 7.74

Table 3 indicates that it was impossible to determiine Py in the air-dried soil
which contained 2.4 per cent moisture but with 4.9 and 6.7 per cent, the accurate
determinations were made although it may differ by the different soils. The
moisture content in the soil changes very rapidly by various factors but ordinarily
under the natural state, it contains 16.0—17.0 per cent, as shown by Itaxo and
MaTsvora®., Cameron' determined the moisture contents in various kinds of soils
in different season and reported that the sandy soil in June showed 4.0 per cent
but in all other cases contained more than 7.0 percent. Since the soil with
5.0 per cent moisture is very dry, it is reasonable to suppose that in a majority of
the dry-farm soils, it is possible to determine the Pu values under the natural
conditions, if a few centimeteys of the top soil is removed.

The difference in the Py values of the soils under natural conditions and the
fresh soil samples (soil and water ratio 1: 1) were as given in Table 4.

Table 4.
Difference of Pu Values of the Soils with different Moisture Contents.
, o (1) (I1) (I
2 9. P e g s, e,
Hidines 8% 18.3 43 149 87 16.8
{Natural. O 6.05 6.77 8.70 7.156 6.63 717
PH
Fresh.: « « « « 7.03 7.08 7.43 7.62 7.40 7.74
Py difference
(Fresh-Natural). 088 031 0.73 0,47 0.77 0.57
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As noted in Table 4, some discrepsncies were obtained between the natural
and fresh soil samples viz: Pu 0.77—0.98 difference for 4.9— 8.6 per cent moisture
contenis, and Py 0.31—0.57 for 14.9—18.3 per cent moisture. The difference was
larger when the moisture contents was low.

It has been reported that the addition of different amount of water to the
soil makes difference in Py value of the same soil. Pierre® took five kinds of soils
and determined their Py values by using the hydrogen electrode and varying
the amount of water added from 1:2 to 1:50, and found the increase of Py values
of 0.2—1.15 as the amount of water increased. Baver® used the quinhydrone
electrode in determining the Pu values of twelve kinds of soils varying the soil
water ratio, from 2:1 to 2:5 and found that the Pu values increased by 0.2—0.3
as the ratio increased. Further Trorimow® tested with twelve kinds of soils,
changing their water contents from 10--100 per cent, and found the increase in Py
values as the water contents increased, from Pu 0.48 to 1.83, and noted that the
change was greater in the soil of less than 50 per cent moisture of which the
moisture contents was changed.

Considering the results obtained in this investigation in the light of these
reports noted above, the difference found between the natural and fresh samples
seems to be due to the difference of water content while the method is correct and
the results obtained under the natural condition should be considered as the
actual Py values which have the direct influence on the growth of plants.

2.) Influence of the Purily of Quinkydrone :

Arxp and SiemErs® reported that the use of impure quinhydrone gives
smaller Py values when the sample is weakly buffered. Since the buffer capacity
of dry-farm soil is rather weak and contains small amount of water, the influence
of quinhydrone was tested as follows: the quinhydrone prepared after Burmans
washed thoroughly withh cold water, and on the other hand, the quinhydrone
precipitate was crystallized twice in warm water of 70°C. and washed thoroughly
with cold water, were used. According to Arnp and Siemers®, recrystallized quin-

Table 5.

Influence of Purity of Quinhydrone and Moisture Contents
on Pu Values in Quartz Sand.

Moisture %. 5 10 Py of solution.
(S6RENSEN’s solution.) (Pu) (Pu)
Quinhydrone 1. 6.22 6.37 6.39
5 1L 6.39 6.39 Y
(CLARK's solution )
Quinhydrone L 3.80 3.85 3.17
. 1L 3.87 3.80 -

Note: Quinhydrone I=washed only; II=twice recrystallized.
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Table 6. hydrone gives an accurate result even

Py in Soil of Different Moisture in water with carbonate alone. Using
Contents. the quinhydrone thus prepared and

Py determinations were carried out in

Moisture 9. b9 154 quarts sand with 5 and 10 per cent of
(*x) (n) either Crark’s or Sorensex’s buffer

Quinhydrone I. 6.24 7.05 solution was added, and also in the
& 1L 6.27 707 soil of different moisture contents.

The results are given in Table 5

and 6.
Table 5 indicates that the results in all cases agree fairly well except in
5 per cent of Sorexsex’s buffer solution. Again in Table 6, the soils of which the
moisture contents were adjusted gave very close results, Judging from these
results, it is satisfactory to use the quinhydrone, well washed with cold water in
making the Pu measurements in the field.

3.) Influence of the distance between the platinum elecirode with the gquinhydrone
paste and the calomel electrode :

When the moisture content of soil is very low, it is suspected that the
distance between the platinum and the calomel electrodes may have some influ-
ence on the results. Consequently the Pn determinations of soils in which the
moisture content is. adjusted, were
carried out by placing the electrodes
at 1, 2 and 3cm. apart, and the
following results were obtained as

Table 7.

Influence of Moisture and the Distance
between Electrodes.

shown in Table 7. Moisture
As Table 7 indicates, at one centi-  Distance 8. |51 98 LiLs
meter distance, the determinations o elec:::‘;s' T e ey
were made in all the moisture con- ’1_. 7’1. 7.1. 4.7.
tents while in 4.9 per cent moisture, 2 < | 13| a7
no reading was taken at two centi- .
3. X 70 48

meters apart or more, although the
higher moisture content permitted the
determination at all distance. From
these results, one centimeter or less is the suitable distance for practical deter-
mination. The determination is made very accurately as far as three centimeters
apart when the moisture content is high.

Notes: X=impossible to determine.

4.) Time required fo reach the equilibrium :

Trormow™ reported that the equilibrium is reached most quickly with 20 to
50 per cent moisture content, and it took longer time in less or niore than these
limits. VeErwerL? noted marked variation of 10 to 60 seconds after quinhydrone
is added to the soil under the natural conditions. In this dnvestigation, the
E.M.F. of soil of different moisture contents was determined at different intervals,
and the results were obtained as shown in Table 8,
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Table 8.

Influence of Moisture Contents on the Time required to reach
the Equilibrium.

by Muldtice 95, 6.7 9.2 119 16.8
1 s L Ll g

2 72 57 43 42

3 -2 57 42 10

5 71 54 42 40

10 70 53 41 40

As noted above, the difference between 6.7 and 9.2 per cent moisture is very
marked and it is inclined to increase with time while for above 11.9 per cent,
very close results are obtained. In the same moisture content, the equilibrinm
is reached after two minutes.

< Part IL. Tests in the Dry-farm.

After the preliminary tests, the determinations were made under natural
conditions in the dry-farm in order to test the accuracy of the method under dry
condition.

The experimental plot has been under cultivation and wheat was growing at
the time. At the centre of two meters square section, as shown in Fig. I, the
determinations were made, and the soil sample was taken from the close spot at
the sametime and subjected to the laboratory tests under the fresh and air-dried
conditions with the soil-water ratio 1:1 and 1:2 respectively. The results of
tests are given in the following tables:

Table 9.
Section A under Natural Condition.
No. EMF. PH D D No. E.M.F. Py D D?
(m.v) (m.v.)
A1 83 6.43 +40.71 | 0.5041 A 8 140 5.44 —0.28 | 0.0784
A 2 82 6.44 +40.72 | 05184 A B 120 5.79 4-0.07 { 0.0049
A 3 135 5.563 —0,19 | 003861 A 10 129 5.63 —0.09 | 0.0081
A 4 141 542 —0.30 | 0.0900 All 122 5956 +4-0.03 | 0,0009
A b 133 5.56 —0.16 | 0.0256 A 12 76 6.55 +0.83 | 0.6889
A 6 139 546 —0.28 | 00678 AR 157 5.15 —-0.57 | 0.3249
A7 112 5.92 +40.30 | 0.0900 Al 168 4,96 ~0.76 | 0.5776
3 ] X 80,03
Mean 5.72

g 0.4641
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Fig. L Table 10.
Section. Section B under Natural Conditions.
A B C - A
No. EMF. Py D D2
g AEX X
m.v.)
21X X B 1 b 8.39 +074 | 05476
3| x X B 2 57 8.88 +1.13 | 1.2769
B 3 106 6.03 4038 | 0.1444
41 X X
B 4 124 5.72 —0,03 0.0009
5
x X B 5 147 5.32 —0.43 0,1849
86| X X B 8 131 5.61 ~014 | 00196
d X X B 7 139 5486 -0.29 0.0841
28 m B 8 150 5,27 —0.48 0,2304
81 X X
B 9 129 5,63 —0,12 0,0144
I X X B 10 154 520 | —056 | 03025
10 | X X B 11 ‘149 | 528 —047 | 02209
2 22 i 0,2
u [ x X B 1 95 8.2 +0.47 209
B 13 86 6.37 +40.62 0.3844
12
X X B 14 155 518 —0.57 0.3249
1354 ¢
X 3 80.56
‘L W X Mean 575
P 0.5255
~— 6m. —>
Table 11.
Section C under Natural Conditions.
No. EMF.| Py D D2 No. EMF.| Pu D D2
(m.v.) (m.v.)
ol | 80 648 | 4075 | 0.5625 C'B 162 508 | —0.87 | 0.4489
c 2 82 644 | +0.71 | 05041 C 9 169 494 | —0.79 | 0.6241
¢ 2 99 6.15 | +0.42 | 0.1764 C 10 119 580 | +007 | 00049
C 14 129 563 | —0.10 | 0.0100 ¢ 119 580 | +0.07 | 0.0049
@ B 150 527 | —046 | 02118 o2 151 525 | —048 | 0.2304
C 6 143 539 | —0.34| 01156 O 18 121° | 577 | +004 | 0.0016
c 7 133 5.66 ~0.17 | 0.0289 C 14 69 8.67 +0.94 | 0.8836
b3 80.21
Mean 56.73

0.5215
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The foregoing {ables indieate that the variation of Py values among the spots
tested is much more marked than that in the paddy-field. For instance, in Section
A, an average of differences among the
Py values obtained was 0.411 while that
of paddy-field was 0.219, and the biggest
difference was 0.5 in the paddy-field and
14 in the dry-farm. Consequently the

Table 12.
Moisture Contents of Soil in Field.

No. |Moisture %.] No. |Moisture %.

standard deviation in the dry-farm was 1| 208 B 294
0.5 while that of the paddy-field was 2 20.0 8 25.5
0.2—0.3. 3 19.2 i 18.2

The moisture contents of the soils in 4 231 Ave. 216

the field are given in Table 12,
In Table 13, and 14 the results obtained with fresh soils from Sections A and
C respectively making the soil-water ratio of 1: 1, are given.

Table 13. Table 14.
Py Values of Fresh Soils from Py Values of Fresh Soils from
Section A. Section C.
No. |EMF.| Pu D D No. |EM.F.| Pu D D?
Al i 795 | +1.50| 2.2500 c1 ('";;g) 7.12 | 4050 [ 0.2500
A 2 9 7.71 +1.26 | 15876 C 2 10 7.69 +1.07 | 1,1449
A 3 64 6.76 +0.31 | 0.0961 C 3 48 7.03 +0.41 O: 1681
A 4 87 6.36 —0.09 | 0,0081 C 4 99 6.15 —0.47 |. 0.2209
A S 114 5.89 —0,56 | 03136 C 5 93 8.25 —0.37 | 0.1369
A 6 105 6.05 —040 | 0,1600 C 6 106 6.03 —0.59 | 0.3481
A 7 91 6.29 —0.18 | 0.0256 c 7 78 8.51 —0.11 | 0.0121
A 8 81 6.46 +0.01 | 0,0001 ¢ 8 105 6.05 —0,57 | 0.3249
A 9 73 6.60 +0.l’5 0.0225 C 9 103 6.08 —0.54 | 0.2916
A 10 78 6.51 +0.06 | 0.0038 C 10 6l 6.81 +0.,19 | 0.0361
All 81 6.46 +0.01 | 0.0001 C 11 83 6.43 —0.19 { 0.0361
A 12 61 6.67 40,31 | 0.0900 C 12 56 6.89 +0.27 | 0.0729
A 13 138 546 —0.99 | 0.9801 C 13 93 6.25 —0.37 | 0.1369
A 14 ;62 5.06 —-1.40 | 1.9800 C 14 24 7.45 +0.83 | 0.6889
b 90.32 > 92.74
Mean 6.45 Mean 6.62
o 0.7318 o 0.5256

Tables 15 and 16 show the results with the air-dried soils from Sections A
and C respectively making the soil-water ratio of 1:2.
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Table 15.
Py Values of Air-dried Soils from Section A.
No. EM.F. Py D D No. EM.F. Py D D?
(m.v.) (m.v.)
A, 27 7.40 +1.18 | 1,3924 A 8 107 6.01 -0.21 | 0.0441
A 2 27 7.40 +1.18 | 1.3024 A9 100 8.13 —0.09 | 0,0081
A 8 81 8.46 +0.24 | 0.0576 A 10 110 5.96 —0.28 | 0.0876
A 4 96 6.20 *—-0.02 | 0,0004 All 97 6.18 —0.,04 | 0.0018
A & 125 6.70 —0,62 | 0.2704 A 12 v i d 6.53 +0.30 | 0.0900
A 6 112 5.92 —0.30 | 0.0900 A 13 143 5.39 —0.83 | 0.6889
A7 94 6.24 40,02 | 0,0004 A 14 134 5.54 -0.88 | 04624
87.06
Mean 8.22
c 0.6711
Table 16.
Py Values of Air-dried Soils from Section C.
No. E.M.F. PH D D2 I’ No. E.M.F. PH D D? .
(m.v.) (m.v.)
c 1 62 6.79 4046 | 0.2116 @ & 124 5.72 —0.61 | 0.3721
Cc 2 25 7.43 +1.10 | 1.2100 c 9 109 5.98 —0.356 | 0.1225
C 3 71 6.63 40,30 | 0.0900 C10 87 6.36 +0,03 | 0,0009
C 4 108 5.99 —~0,34 | 0.1156 AL 98 6.17 —0.16 | 00256
C 5 113 5.91 —~0.42 | 0.1764 C12 81 6.46 +0.13 | 0.0169
C 6 118 5.82 —0.49 | 0.2401 C 13 103 6.08 —0.25 | 0.0625
c 7 2 6.27 —0.06 | 0.0036 C 14 48 7.03 +0.70 | 0.0490
b)] 88.64
Mean 6.33
[ 0,4389

As the foregoing results indicate, the variations are marked in all these
determinations, having the standard deviation of 0.73 largest and 0.43 smallest,
which are much larger than that for the paddy-field soils.

Part IIl. Comparison of Resulis obiained Under the Natural,

Fresh and Air-dried Conditions.

Tables 17 and 18 indicate the comparison of results obtained under the
natural, fresh and air-dried conditions, on the soils from Section A and C respec-

tively.

From these results, it is noted that Py values obtained under the natural
state were smallest, followed by the air-dried and largest in the fresh samples.
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Table 17.
Comparative Results on Section A.

' Fresh-

No. Natural. ' Nataml. Fresh. Ai r-dh;i:g;ml. Airdried.
A 1 6.43 1.52 7.95 0.97 7.40
A 2 6.44 1.27 771 0.96 7.40
A 3 5.53 1.23 6.76 0.93 6.46
A 4 542 0.94 6.36 0.78 6.20
A b 5.56 033 5.89 0.14 5,70
A 6 5.46 0.59 6.05 0.46 5.92
A T 5.92 0.37 6.29 0.32 6.24
A 8 5.44 1.02 6.46 0.57 6.01
A Y 5.79 081 6.60 0.34 6.13
A 10 5.63 0.88 6.51 0.33 5.96
A 11 5.76 0.71 6.46 0.43 6.18
A 12 6.55 0.21 6.76 0.02 6.53
A 13 5.15 0.31 5.46 0.24 5.39
A 14 4,96 0.10 5.06 0,58 5.54

= 80,03 90.32 80.06

Mean 5.72 0.73 6.45 0.61 6.22

Table 18.
Comparative Results on Section C.

No. Natoral, | Frefe | Fresh. | Alrdded | girdried.
G 1 6.48 0.64 712 0.31 6.79
g 2 6.44 1.25 7.69 0.99 743
Cc 3 8.15 0.88 7.03 0.48 6.63
C 4 5,63 0,52 6.15 0.36 5.99
¢ 6 5.27 0.98 6.25 0.94 591
C 8 5.39 0.64 6,03 0.43 582
R 4 5.56 0.95 6.51 0.71 8.27
C 8 5.06 0.99 6.05 0.66 5,72
¢ 9 4,94 1.14 8.08 1.04 5,98
C 10 5.80 1,01 6.81 0.56 6.36
Cc 1 5.80 0.63 6.43 0.37 6.17
¢ 12 5.25 1.64 6.89 121 6.46
C 13 5.7 0.48 6.25 0,31 6.08
C 14 6.67 0.78 745 0.36 7.03

b3 80.21 92,74 88.64

Mean 5.73 0,90 6.62 0.60 6.33
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The largest and smallest differences and their average obtained by different
methods, are presented in Table 19.

Table 19.

Differences and their Average obtained by different Methods
in Section A and C.

Differences. Maximum. Minimum. Average.
Seotion Fresh-Natural. 1.562 0.10 0.73
A. Air-dried-Natural. 0.97 0,02 0,51
Sscklon Fresh-Natural. 1.67 0.48 0,90
2 Air-dried-Natural. 1.21 0.31 0.60

As noted in Table 19, the difference between the natural and aird-ried method
is smaller than that between {he natural and the fresh samples, and in all the
cases it is apparent that the Pu values obtained under the natural condition are
smaller than those found by other methods.

Part IV. Determination of pH in the Paddy-field under
Wheat Cultivation.

The Pu values were determined in the soil within Section A of paddy-field
which was surveyed in the previous investigation with wheat plants growing.
The readings were taken around root and also between the stubs within two
meters square. The results are noted in Table 20 and 21.

Table 20.
Py around Wheat Stubs in Paddy-field.

No. EM.F. Py D D No. EMF. Py D D?
(m.v.) (m.v.)
1 165 | 501 | —0.07 | 00049 11 163 | 504 | —0.04| 00016
2 170 | 492 | —0.16 | 0.0256 12 161 | 508 0 0
3 175 | 483 | —0.25| 0.0625 13 143 | 539 | +031 | 00961
4 140 | 544 | 4036 0.1296 14 175 | 483 | —0.25| 0.0825
5 149 | 528 | +0.20 | 0.0400 15 147 | 532 | +0.24 | 00576
6 161 | 508 0 0 16 163 | 504 | —001 | 00018
7 180 | 474 | —0.31| 0.1156 17 165 | 501, | —007 | 00049
8 167 | 497 | —0.11| 00121 18 170 | 492 | —0.16 | 0.0256
9 125 | 570 | +0.62| 03844 19 155 | 518 | +0.10 | 0.0100
10 175 | 483 | —0.25 | 00625 20 170 | 492 | —0.16 | 0.0256
b3 101.53
Mean 5.08

g 0.2832
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Table 21.
Py of Soil between Wheat Stubs in Paddy-field.
No. E.M.F. Py D D? No. EALF. Pr D D2
(m.v.) ¥ (m.v.) T L e

1 124 592 40,05 | 0.0025 11 138 547 —0.20 | 0.0400
2 127 5.87 0 0 12 134 5.54 —0.13 | 0.0189
3 128 5.65 —0,02 | 0.0004 13 131 5.61 —0.08 | 0.0036
4 149 5.28 —0.39 | 0.1521 14 124 572 +0.05 | 0.0025
5 121 577 +0.10 | 0.0100 15 143 5.30 —0.28 | 0.0784
8 129 5,83 —0,04 | 0.0016 16 134 5.54 —0.13 | 0.0189
7 115 587 +0.20 | 0.0400 17 141 542 —0.25 | 0.0825
8 139 546 —0.21 | 0,0441 18 143 5.39 —0.28 | 0.0784
9 130 5.61 —0.06 | 0.0036 19 140 5.44 —0.23 | 0,0652
10 134 5.54 —0.,13 | 0.0189 20 121 5.71 +0.10 | 0,0100

2 2113.49

Mean 5.87

o 0.2131

As shown sbove, P values between the stubs were larger in all ¢ases than
those directly close round the stubs. On an avernge Pu between the stubs was
567 while that of around the stubs was 5.08 which means more acidic near the
stubs and which is contrary to that of the

rice stubs. This difference may be due : Pabls T o
to the physiological difference of rice and Moistare Gontents of fofls in
; Paddy-fleld,
wheat. .
The standard deviation was 023 and Moisture | Moisture
. %' 0. % ¢
~ 021 for around and between the stubs
respectively which are much smaller than 1 37.97 4 29.50

those in the dry-farm. This may be attri-
buted to the action of water in the paddy-
field which equalizes the reaction in the
field.

The moisture contents of the soils at the time of determination are given in
Table 22. ¥

2 32.82 5 32.39
3 3240 Average,  33.02

Summary.

In this investigation, the applicability of the quinhydrone electrode used
under the natural field condition in the dry-farm which is different from the
paddy-field in many respects together with some other factors, was tested and the
results are reported as follows :

1) The Pu determination can be carried out as low as 5 per cent moisture without
trouble.
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2.) Quinhydrone washed thoroughly with cold water gives satisfactory results.

3.) The good distance between the platinum and calomel electrodes is one centi-
meter.

4.) The equilibrium is reached after two minutes even in presence of small
amount of moisture.

5.) Under the dry-farm condition, the difference in Pu values amoung the ad-
jacent spots is much more marked than that in the paddy-field.

6.) The Pu values under the natural condition are lower than those obtained in
the laboratory with the fresh or air-dried samples as usual, and more marked
than in case of the paddy-field ; on an average, Pu 0.73—0.90 lower than the
fresh and Py 0.51—0.60 lower than the air-dried samples.

7.) In the paddy-field where the wheat is cultivated, Pu values around the stubs
are less than those found between the stubs which is contrary to the results
obtained with the rice-plant stubs around which the Py values were larger.
This difference seems to be due to the difference of physiological function of
these plants.
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