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STUDIES ON THE IMPROVEMENT OF THE SOIL
PRODUCTIVITY IN A PADDY FIELD
CONVERTED TO AN UPLAND FIELD

1. Changes of Soil Physical and Chemical Properties with
the Conversion of Paddy Fields

Matsuo Minam1 & Kaname Magepa
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Table 1 Soil profiles of experimental fields (1970)

Soil . Depth Sail Hardness
Horizon Structure Mottles and concretions
groups (cm) colour (mm)
Apg 0— 17 | 2.5Y 4/2 Medium Fine tubular (commom) 18
Gravelly granvlar Filmy (common)
soil Al2g 17— 35 5Y 4/2 Medium Fine tubular (common) 19
blocky
Cg 35— 46 | 7.5Y 5/1 Platy Tubular (common) 13
ic 46—100 | 2.5Y 5/2 Single
grain
Apg 0— 14 [ 10YR 2/2 Medium Fine tubular (many) 16
Yellowish granular
brown soil Al2g 14— 28 | 10YR 2/3 Coarse Cloudy (commen)
granular Fine tubular (common) 22
Cg 28— 51 | I0YR 4/4 Coarse
blocky Cloudy (few) 26
nc 51—100 { 10YR 4/4 Single
grain
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Table 2 General physuplandcal and chemical properties of the soils on the
converted upland field (1970)

Soil Depth | Bulk Meckzgisal composition Soil ghxee Phases | oral | Permeability
density Texture 2 porosity | coefficient
groups (em) | (g/100ml)|Co.S | F. S| Silt | Clay Vs* | VIv [Vaser | (97) (cm/sec)

Gravelly 0—17 132 28.538.118.2115.2| SCL [61.7|27.5]11.2 38.7 1.67x10—%
1735 112 19.4 | 34.7 | 25.7 | 20.2 CL |54.633.412.0 45.4 1.27x10—%

soil
35—46 — 16.7 | 40.3 | 26.5 | 16.5 CL — — - — —_
Yellowish 0—14 86 10.2117.2|35.6]37.0) LiC |[46.736.9| 16.4 53.3 8.09x 103
brown soil 14—28 85 7.9)17.3(34.4140.4| LIC [48.3[35.0]16.7 51.7 2.82x 10—
28—51 - 8.9129.1(30.0]32.0| LiC — - —_ — —_

Remarks ; *Vs---Solid phase, **VI.--Liquid phase, ***Va...Air phase

Exchangeable

Soil pH |T—N|T—c|  NHoN - Effect off CEC | bases (me) Degree of | Tryog
Horizon o o | A | Wetted oil- E:t(i)onsatu- -P,0;
groups .00 (%) | %) | driea | JHed |y L | (me) | €O | MgO | K,0 | PRy | Eos
Gravelly Apg 5.80|0.2812.71 9.9; 1.59* 8.33112.3]13.05|1.26|0.13 24.8 12.2
soil Al2g 15.8910.34 |3.16 | 12.15} 2.10 10.05 | 17.5 ] 3.84 1 1.57 | 0.12 22.0 5.8
Cg 6.0010.101{1.91 2.90 1.68 1.22(15.2]2.70 | 1.14 | 0.11 17.8 7.0

Yellowish Apg |5.62]0.60]|5.56| 14.23| 3.61 10.62 | 35.7 | 5.93 } 1.22 | 0.32 16.5 14.6
brown soil | Al2g [ 5.75 )| 0.60 | 5.55 | 14.09 | 2.87 11.22 1 35.9 1 5.74 1 1.34 { 0.45 15.9 12.8
Cg 5.90 | 0.31 | 3.02 2.19] 1.09 1.10117.3 | 4.30 | 0.66 | 0.41 24.9 6.2

Remarks ; *---Figures show amount of ammonium nitrogen after incubated at 30°C for
28days under waterlogged condition,

Table 3 Experimental design of two converted upland fields from paddy

Soil groups Kind of crops used and treatments for changing scil condition

1) Kind of upland crops ; Sugar beets, Adzuki beans, Onions, Red clover and Orchard grass

Gravelly
2) Level of ground water ; 40 and 60 cm
soil
3) Application rate of CaO ; 40, 60 and 80% of CaO saturation
4) Method and depth of plowing ; Rotary plowing in 15cm depth and subsoiling in 30cm depth
1) Kind of upland crops ; Sugar beets
Yellowish
2) Application rate fo CaO ; Ammount of acidity (pH=6.5) rectification
brown soil

3) Method and depth of plowing ; Rotary plowing in 15cm depth and subsoiling in 30cm
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Table 4 Differeces on physical properties of soil between general.upland field
and converted upland field of Gravelly soil (1970)

. Seil t(h;e)e phases Rate of air | Water permeability

Kind of soils Layer Texture 2 capacity* coefficient
Vs Vi Va %) (cm/sec)

General Topsoil SL 56.4 21.6 22.0 50.4 1.75x10—5
upland field
soil Subsoil SL 61.7 21.4 16.9 44.1 1.75x10—5
Converted Topsoil SCL 61.7 27.5 11.2 28.9 1.67%10—5
upland field '
s0il Subsoil CL 54.6 33.4 12.0 26.4 1.27x10-5

Remarks ; *...Figures are calculated from following formula : —‘%W x 100

Topsoil is a layer in 0-15cm depth from soil surface
Subsoil is a layer in 15-30cm depth from soil surface

Table 5 Differences on water stable aggregation between general upland field
and converted upland field of gravelly soil (1970)

Distribution of water stable aggregation (%)
Kind of soil Layer
2.0mm<C 2.0—0.5mm | 0.5—0.1mm 0.1mm>

Topsoil 15.2 14.7 30.1 40.0
General upland field soil

Subsoil 47.1 32.1 10.8 10.4
Converted Topsoil 51.5 24.5 9.7 14.4
upland field soil Subsoil 52.5 27.9 10.2 9.4

Remarks ; Topsoil+--0—15cm, Subsoil:-:15—30cm
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Table § Differences on chemical properties between general upland field
and converted upland field of Gravelly soil (1970)
La pH | T—N | T—C NH,—N (mg) | Effect of &gree of %‘r(t;og-
Kind of soil yer e ] . satura-
(H,0) | (%) | (%) |Ar-dried| Wetted | air drying | fion (%) | (me)
General upland field | Topsoil | 5.30 0.21 2.28 3.58 2.27 1.31 14.9 15.8
soil Subsoil | 5.40 0.16 2.12 4.07 1.13 2.94 19.4 11.3
Converted Topsoil | 5.80 0.28 2.71 9.92 1.59 8.33 24.8 12.2
upland field soil Subsoil | 5.89 0.34 3.16 12.15 2.10 10.05 22.0 5.8
Remarks ; Topsoil--<0—15cm, Subsoil—15—30cm
Table 7 Difference on fulvic acid content fractionated by ForsyTH's methods between
general upland and converted upland soil of Gravelly soil (1972)
Content of fulvic acid . . P
(mg. %) Ratio of fractionated fulvic acid (%)
Kind of soils Fraction H/F*
A B c D A B C D |A+C|B+D

General upland 27| 97| 30 | 50| 13| 48| 15| 24| 28| 72| 1.45
Converted upland

fiod soil 17 | 100 | 20 | 5¢ 9| s2| 1| 28| 20| 8 | 17

Remarks ; *---Humic acid/Fulvic acid
Soil sample--Topscil (0—15¢m)
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Table 8§ Formal changes of Mn and Fe in subsoil with the conversion from

paddy field (1971)

Year after Readily reductive Mn Active Fet++ Free Fe,0,
Kind of soil )
convertion mg/100g | Ratio (%) | mg/100g | Ratio (%) }4 Ratio (%)
Gravelly 1st 5.7 100 56.5 100 0.49 100
soil 2nd 5.4 95 43.1 76 0.50 102
Yellowish 1st 17.0 100 4.4 100 0.86 100
brown soil 2nd 13.8 81 12.9 29 0.91 106
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Fig 6 Change of three phases composition of
soil with the conversion from paddy
field
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Q 20 40 60 80 100%
Group and kind of soil Layer
Topsoil
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vpland field soil Subsoil Diameter of soil elod
soil -
l o=
Soil of 2nd year Topsoil m 2.0-1 00
after conversion Subsoil
B 1.0-05m
FEH <osm

Remarks; Topsoil --0-15an, Subsoil ---15-30cm

Date of sampling***Sept.16

Fig 7 Distribution of soil clod formation with the conversion of paddy field (1971)

Table 9 Changes of soil porosity and water permeability with the conversion

from paddy field (1971)

Group and kind of soil Layer Ratio of porosity (%) Zﬁ%?fmg::ngg?:l)lty
Total porosity Crude porosity | Field (cm/sec)| Indoor(cm/sec)

Gravelly soil | General upland field| Topsoil 59.6 21.1 8.2x10—% 6.5x10~4
soil Subsoil 47.0 16.0 4.1%10°5 2.3x101

2nd_year after Topsoil 65.1 32.9 1.9%10-3 1.2x10~2

converston Subsoil 58.9 20.5 3.1x10* 1.6x10~3

Yellowish Topsoil 76.2 21.3 3.3x10~4 3.3x107
brown soil ;’fet:; et Subsoil 62.9 18.9 1.3x10— 1.3x1073
conversion Topsoil 73.2 29.2 9.6x10—4 1.2x10~2

2nd Subsoil 67.6 23.2 ‘ 4.5%x101 9.2%10~3
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pF-moisture curve
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Fig § Comparison of soil moisture properties
between general upland field scil and
converted upland field soil (1972)
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Summary

The authors have conducted studies on the
soil characteristics of an upland field converted
a paddy field in the northern rice area of
Hokkaido. These papers deal with the change
of the physical and chemical properties 'of soil
with the conversion of paddy fields. They used
two well-drained paddy fields of Gravelly soil
and Yellowish Brown soil for conversion.

Results obtained are summarized as follows ;

1) A large proportion of liquid phase among
the soil three phases and of soil clods as large
as more than 2.(0cm in diameter could be found
immediately after conversion from the paddy
field. But that of the air phase and the rate of
air capacity in the whole pore space were
relatively small. It was recognized from these
facts that the physical properties of soil in the
converted upland fields such as developement
of structure, water permeability and crush ability
were extremely inferior to that in the general
upland fields in the first year after conversion.
These conditions of soil could be found in the
subsoil more significantly than in the topsoil.

2) In the Gravelly soil, the amount of
exchangeable Ca0 could be increased by
application of calcium carbonate as much as
corresponding to 60 percent of CaO saturation,
a sufficient improvent of soil acidity. In the
Yellowish Brown soil, on the other hand, the
improvement of the soil acidity could hardly be
found.

A high positive correlation could be found
between the yield of upland crops and the
amount of exchangeable CaO in the converted
upland fields in the first year after conversion.
The highest yield of crops was harvested in the
soil condition of eight me of exchangeable CaO
after the second year of conversion. It can
be emphasized from these facts that the appli-
cation of lime materials to converted fields
should be taken with every regard to the effects
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on the nutritional conditon, rather than that
on the improvement of soil acidity.

3) The nitrogenous fertility of soil was
superior in the converted upland fields to that
in the general upland fields, immediately after
conversion from paddy fields. But, the content
of available nitrogen in the soil and the effect
of soil-drying could be decreased in the converted
fields with the lapse of time after conversion
the paddy fields. As results, the available
nitrogen in the soil in the third year after
conversion was decreased to about 50-60 percent
of the paddy field condition. Furthermore, it
was recognized that there was a negative
correlation between the effect of soil-drying
and the amount of exchangeable CaO in the
soil.

4) The content of fraction B and D in fulvic
acid fractionated by ForsyTu’s method were
high in the converted field, in comparison with

that in the general upland fields, and a lower
content of fraction A and C were found. The
former fractions are considered to have had
the chelating action promoting the leaching
losses of iron and aluminium in the soil and the
latter is regarded as connected with the nutri-
tional source of microorganisms and the forma-
tion of aggregates of the soil.

5) The amount of free ferric oxide could
be increased, but the content of active ferrous
iron and readily reductive manganese decreased
in the converted upland fields after the conversion
from paddy fields.

6) Physical properties of soil effecting its
productivity such as the constitution of the three
phases of the soil, the proportion of soil clods
and water permeability could be improved
remarkably in the converted field in the second
year after conversion.
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