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Studies on Physical and Engineering Properties
and Drainage Acceleration Techniques of
Heavy Clayey Paddy Fields in Hokkaido

by
Kaname MAEDA

Summary

So-caalled heavy clayey paddy fields are widely distributed on alluvial piaines and terraces in
Hokkaido. They have poor surface drainage because of higher groundwater levels and compact subsoils,
and the surface of the fields is very soft in spring and after surface drainage in autumn.

A study was made in order to clarify the physical and engineering properties and drainage acceleration
techniques of these soils.

Four heavy clayey ill-drained paddy fields were subjected to the study, three of them belong to Gley
Lowland soils, one of Gley Upland soils. As a control a field belongs to medium-textured Brown Lowland
soils is also studied.

The results obtained are summarized as follows:

1. Soil physical and engineering properties of heavy clayey paddy fields

Gley Lowland soils(I) and Gley Upland soils were placed in the lower side of the line A of Casagrand’s
plasticity diagram which distinguishes humic soils from silty soils. As for soil three phases, Gley Lowland
soils (1, II, IlI) and Gley Upland soils were the highest in the liquid phase, and their water permeability
coefficient was very low throughout the non-irrigation period. In the Gley Lowland soils (II), the initial
fissures after surface drainage in autumn were observed at pF values of 1.5 corresponding to 67% soil
moisture content, and when large fissures at pF values of 2.0 were observed the surface of the fields was
tight, and the consistency index (Ic) above 0.5.

When the paddy fields were flooded and puddled, proportion of the water stable aggregates above
2.0mm as well as the dispertion ratio of particles below 20 decreased with the development of the reduced
condition. Soil structure of the plowed layers was composed of flocculated soil particles, and the tendency
to form these particles was more remarkable in the Gley Lowland soils (1) and Gley Upland soils than in
the medium-textured Brown Lowland soils.

Soil physical and engineering properties were influenced by the change in soil moisture content. High

negative correlation was obtained between the liquid and air phase in terms of the soil three phases, and
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also positive correlation was observed between the permeability coefficient and rate of air capacity.
The liquid and plastic limit of wet soils were lowered with the decrease of moisture content. On the
other hand, the soil crushing strength and consistency index (Ic) remarkably increased in lower moisture
content.
From these facts, it could be emphasized that the development of soil structure and accessibility of

farm machinery were accelerated by the drying of the fields.
2. Drainage acceleration techniques in ill-drained paddy fields

On the basis of studies on drainage acceleration techniques in ill-drained paddy fields, the author studied
the effects of the improved drainage methods and irrigation water management on speeding up of surface
soil drying.

Underdrainage with rice hull and subsoiling with rice hull had more remarkable effect on drainage
acceleration than usual underdrainage with earthen pipe and usual subsoiling as a result of downward
movement of surface soil water and decrease in soil moisture content, whereby formation of large fissures
was speeded up and compactness of the surface greatly increased. It was found, moreover, that midseason
surface drainage induced a great extent deve'»pment of soil fissures, stability of soil compactness and
accessibility of farm machinery, and this tendency was very remarkable at pF values of 2.0 corresponding
to 60.8% soil moisture content.

On the other hand, for the speeding up of soil drying and the accessibility of farm machinery in ill-
drained paddy fields the most effective period for drying surface soils was in the heading stage of rice plant
growth.

A high negative correlation was obtained between soil hardness and soil moisture content in the Gley
Lowland soils (Ill). If the moisture content remained the same the soil compactness was higher in soils

which had received midseason drainage.

3. Effects of improvements in drainage procedures and irrigation water management

on productivity of rice plants.

In the Gley Lowland soils (II) and Gley Upland soils, subsoiling with rice hull and underdrainage with
rice hull showed an evident effect on the initial growth of rice plants compared to the usual underdrainage
with earthen pipe. And a result of this is a remarkable increase in the percentage of ripened grain and in the
yield of hulled rice. And in both soils a time for draining surface water the most effective in the growth
and yield of rice plants was in the heading stage, and the drainage from the flag leaf development stage to
the heading stage had a remarkable effect. Meanwhile, in the Brown Lowland soils the most effective time
was found to be 21 days after the heading stage. Both in ill-drained and well-drained paddy fields the
most effective extent of the midseason surface drainage in water metabolism of rice plants and accessi-
bility of farm machinery after the surface drainage in autumn was observed at soil moisture tention of pF
2.0.

For the normal growth of grains in the ripening stage, it was estimated, furthermore, that the most

suitable soil moisture tention was pF 2.3 and 2.1 in the Gley Lowland soils (II) and Brown Lowland soils,
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respectively.

4. Effects of application of rice straw on the initial growth of rice plants

1) Field experiment

The rate of increase in dry weight of rice plants from the tillering stage to the young panicle formation
stage and the amount dry weight produced at the later stage were found smaller in the Gley Lowland soils
(IlI) than in the Brown Lowland soils. In the Gley Lowland soils (1) which were extremely soft in 1975
and 1976 in particular, the amount of growth in the initial stage was found markedly smaller in plots to
which rice straw had been applied. On the other hand, in the Gley Lowland soils (Ill) to which rice straw
had been applied in 1977 and subsequent years when the drying of fields progressed, the development of the
redox potential of soils was remarkably slow and the growth of rice plants in the initial stage became
favorable ; this tendency was observed more conspicuously in plots treated with underdrainage with rice
hull.

It is concluded from the results obtained that if the surface soils of the heavy clayey ill-drained paddy
fields are sufficiently dry in the plowing season it will be easy to maintain the surface soils in a favorable
state of redox potential after the flooding. The condition thus obtained is regarded as helpful for rice

plants to root firmly and grow well in the initial stage.

2)  Pot experiment

Application of rice straw retarded the initial growth of rice plants, and the retardation was more
remarkably pronounced in the Gley Lowland soils (IlI) than in the Brown Lowland soils. Subsequent
growth recoverry of rice plants was also significantly inferior in Gley Lowland soils (IlI). Moreover, the
difference in two soils was more remarkable at 17°C than at 20°C.

The major cause of the retardation was due to polyphenolic compounds contained in raw rice straw,
and nitrogen starvation and harmful uptake of active ferrous iron were inferred to be an incidental cause.
Furthermore, it was found in both soils that the concentration of polyphenolic compounds in flooded soils
reached to the maximum at the period of accumulated temperature of about 200-300°C and that it was
higher in the Gley Lowland soils (Ill) than in the Brown Lowland soils.

pounds remained in soils was longer in the Gley Lowland soils (III).

The period in which the com-

It was concluded from marked retardation observed in the Gley Lowland soils (IIl) that buffer action

against the harmful substances affecting the initial growth of rice plants varied with the kinds of soils.



	File0012.PDF.pdf
	File0013



