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Loviky, HMEECERET, Ao pH
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@ 4"0~480 kg/10a (wantsp), @ 360~420 kg/
Ha (ugeipllr) , @ 330~360 kg/10a (@i

#) D3 HHFCR G L, £hZh20~0% 04

W orhT, EFEik 5~10kg/19q, YL 5.0~



JedEticisvt 5K H-LNORH & £ o ERCBT 5% 81

8.0kg/10a, niEiY S5kg/10a CH b,

D3 bBHIL, BEHH SRLEMAIZ L
Bicoh T, MG KUK TS Hic
RS H, FlLHTeesd,
2, WiicicsiconTtEHicT g ThH s,

BRI, BRRNGEEOKE -, flidiit
KUK LT CRL R T<XETH S,

DT, BRI TI0~20%FE o MIBAE)
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STUDIES ON THE CHARACTERISTICS AND THE PRODUCTIVITIES
OF THE PADDY SOILS IN HOKKAIDO.

by
Toshihiko NAKAYAMA

Summary

Autlor carried out a soil survey from 1953 10 1962 which covered about 56,000 ha. in 240,000
ha. of paddy fields in Hokkaido and classified practically the soils of those fields into several
groups based on their profile characteristics and physical and chemical properties.

Furthermore, the author carried out 109 fertilization and soil improvement experiments on
these soils and investigated the relationship between the soil groups classified practically and the
results of the field experiments. As a result of the above mentioned investigation, the author found
a relationship between characteristics of paddy soils and their productivity of soils in Hokkaido. A

summary of the study is as follows.

1. Diagnostic Horizons

The author also recognized several diagnostic horizons on the soils surveyed in Hokkaido
although they had a few different points in the definitions and the meanings from “Diagnostic
Horizons” introduced by Oyama.

They are (1) Peat Horizon (2) Muck Horizen (3) Gley Horizon (4) Gray Brown Horizon (5)
Yellowish Brown Horizon (6) Black Volcanic Ash Horizon and (7) Non-Black Volcanic Ash Horizon.

The morphological characteristics of these horizons are as follows:

(1) Peat Horizon; There are three kinds of peat soils. They are high moor peat composed
of Sphagnum, Vaccinium oxycoccus, Myrica gale, etc., transitional moor peat composed of Erio-
phorum, Carex middendorfi, Molinia coeculea, ete. and low moor peat composed of Pharagmites
communis, Cyneraceae, ete. They are strongly affected by the underground water.

(2) Muck Horizon; It is decomposed to the point where the original plant fibers are not
visible to the naked eye. The color of wet soil is black and the values are below 3. The total
carbon content is generally higher than 10%. The underlayer of muck soils is usually peat soils or
peaty soils.

(3) Gley Horizon; The color is bluish gray to bluish green and a strong reaction of free
ferrous ion is recognized. The level of the underground water is high and, therefore, the horizon
is reductive. This horizon is recognized both in alluvial and in deluvial soils.

{(4) Gray Brown Horizon; The color is gray to gray brown. The horizon is oxidative. When
gley horizon is drained, it becomes gray brown horizon. It is different from “Gray Horizon”
introduced by Oyama. This horizon is recognized both in alluvial and in deluvial soils. Especially,
it is characteristic that the latter (in deluvial soils) has yellowish brown mottles derived from
decomposed gravel.

(6) Yellowish Brown Horizon; The color is yellowish brown. This horizon is inorganic and

oxidative. The drainage is very good. It is located on alluvial soils near a river, and different



from “Yellowish Brown Horizon"” introduced by Oyama.

(6) Black Volcanic Ash Horizon; The color is black and the values are below 3. It has
characteristics of volcanic ash soils, and relatively high contents of clay since it is derived from
soils in which humic volcanic ash was re-accumulated.

(7) Non-Black Volcanic Ash Horizon: The color is bright white, gray, yellowish brown, or
light reddish brown. It is an inorganic horizon having all of the physical and chemical characteris-

tics of voleanic ash soils. Most of these soils are course-textured in Hokkaido.

2. Paddy soil groups in Hokkaido

Paddy soils in Hokkaido were classified practically in 7 order I, 12 order II, and 78 order III,
according to the modified classification method used in “Sehi-Kaizen Jigyo”, which was a research
project to improve fertilization methods in paddy ficlds, eonducted by the Department of Agriculture

and Forestry and the classification method introduced by Oyama.

Practical Classification of Paddy Soils in Hokkaido

dfder 177 .

Order 11 Order 111

Peat

Heavy Clay-Peat
Peat Soils Clay-Peat
(Loam-Peat)
(Sand-Peat)

Peat Soils Heavy 7Clziy—Pealy
Peaty Soils Clay-Peaty
__ (Loam-Peaty)

Peat Soils below 50 cm Heavy Clay-Peat below 50 cm from surface
(Clay-Peat below 50 ¢cm from surface)

from surface
(Loam-Peat below 50 em from surface)

- P S Hcaﬂvy‘ Clz&-Muck
Muck Soils (Clay-Muck)
(L.oam-Muck)

mé;\:y C]ay—k\'iuci(y} N
Muck Soils Mucky Soils) (Clay-Mucky)
(Loam-Mucky)

(l~lezl\')-ﬁC|ay-1\4uck below 50 cm from Sl;;'fzice.)
(Clay-Muck below 50 cm from surface)
(Loam-Muck below 50 ¢m fram surface)

iMuck Soils below 50
cm from surface.)

Heavy Clayey Strong Gley

(Clayey Strong Gley) Alluvial
Strong Gley Soils Loamy Strong Gley and
Sandy Strong Gley Deluvial

) Sandy Gravelly Strong Gley
Gley Soils - andy. ¥ R ¥

Heavy Clayey Gley

' Clayey Gley Alluvial
. Gley Soils (Loamy Gley) and
(Sandy Gley) Deluvial

(Sandy Gravelly Gley)
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Heavy Clayey Gray Brown
Clayey Gray Brown
Loamy Gray Brown

Alluvial
Gray Brown Soils Gray Brown Soils Sandy Gray Brown and
(Clayey Gravel Layer Gray Brown) Deluvial

(Sandy Gravel Layer Gray Brown)
Sandy Gravelly Gray Brown
Sandy Gravel Gray Brown

Heavy Clayey Yellowish Brown
Clayey Yellowish Brown
Loamy Yellowish Brown
Yellowish Brown Soils | Yellowish Brown Soils | S2ndy Yellowish Brown

(Clayey Gravel Layer Yellowish Brown)
(Sandy Gravel Layer Yellowish Brown)
(Sandy Gravelly Yellowish Brown)

(Sandy Gravel Yellowish Brown)

Clayey Black Voleanic Ash Soils
(Loamy Black Voleanic Ash Soils)
Black Voleanic Ash Black Volcanic Ash (Sandy Black Voleanic Ash Soils)

Soils Soils (Clayey Gravel Layer Black Volcanic Ash Soils)
(Sandy Gravel Layer Black Volcanic Ash Soils)
(Sandy Gravelly Black Voleanic Ash Soils)
{Sandy Gravel Black Volcanic Ash Soils)

{Clayey Non-Black Volcanic Ash Soils)
(Loamy Non-Black Volcanic Ash Soils)
Sandy Non-Black Volcanic Ash Soils
{Clayey Gravel Layer Non-Black Voleanic
Ash Soils)
(Sandy Gravel Layer Non-Black Volcanic
Ash Soils) .
(Sandy Gravelly Non-Black Volcanic Ash Soils)
{Sandy Gravel Non-Black Volcanic Ash Soils)

Non-Black Volecanic Non-Black Volcanic
Ash Soils Ash Soils

Remarks: ( )} indicates the soil group assumed to be found hereafter in the soil survey in Hokkaido
although it has not been recognized so far.

Peat soils, muck soils, black volcanic ash soils and non-black volecanic ash soils on which
other soils, including additional soils, were accumulated are called like clay-peat, loam-muck, and
sandy non-black volcanic ash soils. And when the textures of muck and voleanic ash soils
themselves are to be indicated, and when peat and volcanic ash soils with additional soils still
indicate the textures of the original peat and volcanic ash soils by sufficient mixture, those soils
are called like clayey muck and sandy non-black voleanic ash soils. The same nomenclature is
also employed in gley, gray brown, and yellowish brown soils.

Texture classes thus made are as follows:

1. Sandy Gravel : Sandy gravel layer begins less than 30 cm from the surface.

2. Sandy Gravelly : Sandy gravel layer begins from 30 cm to 60 cm from the surface.

3. Sandy Gravel Layer : Gravel layer begins more than 60 cm from the surface and sandy
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soils accumulate above the gravel layer.

4. Heavy Clayey : Include sandy clay, iight clay, silty clay, and heavy clay-textured soils.
5. Clayey: Include sandy clay loam, clay loam, and silty clay loam textured soils.

6. Loamy: Include sandy loam, loam, and silty loam textured soils.

7. Sandy: Include sand, and loamy sand-textured soils.

3. Physical and chemical properties of thé paddy soils

Physical and chemical properties of paddy soils in Hokkaido, compared with those in other
parts of Japan, are as follows:

(1) Mechanical components and volume weight

Textures of most soils surveyed were heavy clayey 1o clayey; tlhose of peat soils, muck soils
and gley soils were heavy clayey and contained large amounts of clay. However, the clay content
tended to decrease as the soils were oxidized. For example, clay contents were gley>gray brown>
yellowish brown soils. ' ‘

On the other hand, textures of black volcanic ash soils were clayey, and those of non-black
volcanic ash soils were loamy to sandy.

Volume weights of the soils were small in the case of peat, muck, and non-black volcanic
ash soils and large in the case of strong gley, gray brown, heavy clayey soils of yellowish brown
soils.

(2) Soil reaction (pH)

Although pH of peat, muck, and a part of heavy clayey soils were low, other soils had no
relationships between soil pH and soil groups. The pH of most soils surveyed were ranged from
5.0 to 6.0, mostly around 5.5 which was lower than the average pH of Japanese paddy soils.

(3) Cation exchange capacities and Percentage base saturation

No relationship between soil C E C and soil groups was recognized, although only the C E C
of non-black volcanic ash soils were low. Those of most soils surveyed were around 20 me
The average C E C of Hokkaido paddy scils was 23.7 me which was higher than that of the
country as a whole.

Percentage base saturations were not related to soil groups and were around 40%. This
percentage was lower than the average percentage of Japanese paddy soils. This low percentage of
base saturation of Hokkaido paddy soils coincided with the low pH.

(4} Nitrogen and phosphorus fixing powers

Nitrogen fixing powers of the soils surveyed were not related to the soil groups, except non-
black voleanic ash soils of which nitrogen fixing powers were particularly small. Those of most
soils surveyed were larger than 400 and the average of Hokkaido paddy soils was 470 which was
larger than that of the country as a whole. It was indicated that the nitrogen fixing powers of
clayey to sandy soils which had a small amount of humus were relatively small.

Phosphorus fixing powers were ualso not related to soil groups, except black volcanic ash and
gray brown soils (deluvial) of which phosphorus fixing powers were rather large. Generally, heavy
clay soils, contained a high amount of humus, had large phosphorus fixing powers.

The phosphorus fixing powers of most soils surveyed were greater than 1,000 and the average
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for Hokkaido paddy soils wezs 1438 which was noticeably greater than the average for the country
as a whole. This was assumed to be caused by the large amount of clay and humus contents of
Hokkaido paddy soils.

(5) Total carbon, Total nitrogen, and C/N ratios

The total carbon content was not related to the soil groups, except peat, muck, black volcanic
ash soils in which total carbon was remarkably high and non-black volcanic ash soils in which
total carbon was very low. The total carbon content of the soils surveyed was mostly 2.5 to 5.0%
and was high in clayey soils and low in sandy soils. The average of Hokkaido paddy soils was
4.65% which was higher than that of the country as a whole. It indicated that the paddy soils of
Hokkaido contain a relatively large amount of humus.

The total nitrogen content was comparatively high in peat, muck, and black volcanic ash
soils. However, it was not related to other kinds of soil groups and was mostly 0.2 10 0.5%. It
was relatively high in clayey and relatively low in sandy soils. The average of Hokkaido paddy
soils was 0.38% which was about 0.1% higher than that of the country as a whole. This sugges-
ted that the paddy soils of Hokkaido have high potential productivities. No distinet relationships
were recognized between C/N ratios and soil groups. The average of Hokkaido paddy soils, 12.2
was comparatively higher than that of the country as a whole.

(6) Formation of ammoniacal nitrogen

Ammoniacal nitrogen formation of Hokkaido paddy soils, about 2.0 to 5.0 mg/100 g dry soil,
was comparatively greater than in other parts of Japan. It was recognized that peat, strong gley,
and gley soils, which were reductive type of soils, formed a large amount of ammoniacal nitrogen
and that these amounts were decreased as the soils were oxidized. This was assumed to be caused

by relatively lurge contents of organic matter and clay in reduced soils.

4. Growth characteristics of rice plant in each paddy soil group

(1) Effect of nitrogen fertilization on the yield of rice plant

Effect of nitrogen fertilization was investigated kecause growth and yield of rice plants were
affected most severely by nitrogen fertilization.

Field esperiments on the effect of nitrogen fertilization in (1) Peat Soils, (2) Strong Gley Soils,
(3) Gray Brown Soils (alluvial), (4) Gray Brown Soils (deluvial), and (5) Yellowish Brown Soils,
which were selected as representations of oxidative and reductive soils, were carried out from 1958
to 1960. And results were discussed statistically.

(1) Rice productivity (weight of hulled rice) of each soil group tended to be (2)>(1)>(5)=(3)>
(4).

However, no significant differences were recognized among (2), (1), (5), and (3) statistically.
Therefore, the order shown above was (2), (1), (3), (3)>(1). As a result, only the low rice producti-
vity of (4) was indicated.

(2) Increasability of rice yield of each soil group by nitrogen fertilization

Although a difference of increasabilities of rice yields by nitrogen fertilization was not recognized
among soil groups used in the field experiments, it was recognized among A and B groups, in
which A group represented (2) and (3) and B group represented (1), (4), and (5). Tke increasabilities
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of A group were greater than those of B group. The regression curves of the weights of hulled
rice were as follows.
A group : Y=34.2422.4 N
B group : Y=35.3+16.9 N

(3) Effects of three elements on the yield of hulled rice

Yields of hulled rice in —N, —P, and —K plots were generally —P>—-K»—N, though those
in Peat soils, in which the yield of —N plot was relatively high, were —P>—K> —N.

(4) Effect of compost

Soil groups in which the effect of compost was recognizad were peat soils, gray brown soils
(alluvial) and yellowish brown soils. And the rates of yield increases were 4 to 9%.

(8) Characteristics of growth and yield of paddy rice in each soil group

The characteristics of growth and yield of rice plants in each soil group were considered to be
as follows.
Peat Soils: Vigorous tillering, relatively high yield, and a small effect of nitrogensupply.
Strong Gley Soils; Vigorous tillering, relatively high yield, and a large effect of nitrogen supply.
Gray Brown Soils (alluvial); Relatively limited tillering, rather low yield, and a large effect of

nitrogen supply.
Yellowish Brown Soils; Relatively limited tillering, rather low yield, and a small effect of nitrogen
supply.

Gray Brown Soils (deluvial); Limited tillering, low yield, and a small effect of nitrogen supply.

As a result, it is important to facilitate the merit of each soil and to improve the fault, in
order to get high yields in these soils.

5. Physical and chemical properties and the productivity of each paddy soil group

Physical and chemical progerties of 5 soil groups, described above, were determined, and the
correlations between each two of these properties were caleulated,

And the correlation between these properties and soil groups was calculated. In this investiga-
tion, soils from three places in each soil group, total 15 soils, were employed. The determined
properties were clay content, phosphorus fixing power, nitrogen fixing power, total nitrogen, total
carbon, carbon-nitrogen ratios C E C, percentage base saturation, ammoniacal nitrogen incubated at
30°C of dried soil and wetted soil, and effect of drying soil.

(1) Claracteristics of each soil group, in relation to physical and chemical properties, and these
correlations

Following tendercies on the physical and chemical properties of soil groups were recognized.

Articles of analyses Tendencies
Clay content 3), (2), (1), (D>(5)
Phosphorus fixing power 4)>(5), (3), (1), (2)
Total carbon (1)>(5), (4), (2), (3)
Total nitrogen (1)>(5), (3), (4), (2)

It was indicated that clay contents of yellowish brown soils were smaller significantly than

those of other soil groups, that phosphorus fixing rowers of gray brown soils (deluvial) were
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greater significantly and that total nitrogen and total carbon of peat soils were greater significantly.
Yellowish brown soils obviously showed small values in all of four properties shown in the above
table.

Furthermore, it was found that there were very close relationships among clay content, total
carbon, total nitrogen, and C E C. .

(a) A highly significant positive correlation between total carbon and total nitrogen was
recognized. .

(b) Since C E C of Hokkaido paddy soils depended on humus rather than clay, the CE C
indicated a highly significant positive correlation with total carbon and a negative correlation with
clay content.

(¢) A correlation Letween clay content and total carbon was negative.

(2) Relationship between the main physical and chemical properties of paddy soil groups and
the yields of paddy rice
Increasabilities of yields due to nitrogen supply and physical and chemical properties of A and

B groups were summarized in the following table.

Increasabilities of yields

Group due to nitrogen supply 4 Clay content ‘ CEC ‘ Total carbon | Total nitrogen
- ‘—-‘,» - .
A group (2,3 | large ‘ large ‘ small ‘ small ‘ small
B group (1, 4, 5) | small ‘ small 3 large i large ) large

|

Although it might be pointed out based on the relationships among C E C, clay content, and
total carbon, that the nutrient-holding capacities and the supplying powers of the paddy soils in
Hokkaido depended on the humus contents rather than the clay contents, the following assumptions
on the increasabilities of the rice yields due to nitrogen supply were obtained.

(a) C E C, as an indicator of the nutrient holding capacities of soils, was mostly between 20
and 40 m e/100 g. dry soil. Therefore, it might be assumed that the increasabilities of the rice
yields due to nitrogen supply would become large as the C E C, furnished by clay, increased.

(b) This relationship could be interpreted by the ratio of the clay content to the total carbon.

(¢) U clay content/total carbon=clay value (tentative name) was calculated, the clay value was,

A group>10>B group

and it was assummed that a turning point of the increasability of paddy rice yield due to nitrogen
supply was the clay value 10. Therefore it was assumed that the clay value should be raised up to
greater than 10 in order to enhance the increasability of rice yield due to nitrogen supply. There
aretwo kinds of methods to raise up the clay value; the first is addition of soil or other soil
improvement method to increase the clay content of the soil, the second is a method to decrease
the humus content by the consumption of the humus. Therefore, practically, the former is a method
to enhance the increasability of rice yield due to nitrogen supply by soil management, on the other
hand, the latter is a method to enkance the increasability by fertilization method, for example,
by introduction of additional fertilization, use of slowly effective fertilizer, etc.

Furthermore, it was indicated that relationship between soil groups and the productivities, in
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soil survey of paddy fields, could be clarified if clay content, phosphorus fixing power (as an index
to know whether the soils were derived from volcanic ash or not), total carbon, total nitrogen, and

C E C were analyzzd.

6. Soil groups and soil improvement

(1) Drainage

Soil groups to be drained were peat, muck, gley soils and a part of gray brown and black
volcanic ash soils. In consequence of drainage works, properties of soils on acration, water per-
colation, soil temperature, and soil structure would be improved, the soil would become oxidative,
and the decomposition of organic matter would be promoted. However, leaching of nutrients would
be also increased at the same time. Therefore, the addition of soils and improvement of fertilization
method should be undertaken simultancously with the drainage works.

(2) Effect of deep tillage

Generally, about 15% of yield increase of paddy rice was recognized. Deep tillage was the
most ecffective in gley soils, and was the secondly effective in gray brown soils. However there
were no obvious differences among the effects of deep tillage in black volcanic ash, peat, and
yellowish brown soils.

The effects of deep tillage were caused by enhancement of root development, turning back of
leached Fe and Mn to the surface soil, improvement of water percolation that made the soil be
oxidative and the soil temnerature raisz.

(3) Improvement of under layer

Pan breaking and under layer tillage increased the ricz yields, in heave clay soils that had hard
under layers, by enhancement of root development.

(4) Addition of soil

Addition of clayey soils to peat, and sandy ecasily leaching soils and that of sandy soils to

heavy clay soils were effective.

7. Soil groups and the Productivities

Close relationships between soil groups and the productivities were recognized in this study, as
described already. Those relationships were indicated in the following table.

In this table, peat soils apply correspondingly to muck soils. And yellowish brown soils apply
to black volcanic ash and non-black voleanic ash soils.

It is obvious from actual instances that a high rice yield can be obtained by optimum soil
management method and use of an optimum fertilization method suitable for characteristics of each
soil group. Therefore soil scientific methods to obtain a high rice yield aim to establish an
optimum soil management method and an optimum fertilization method suitable for each soil group.

Methods to get a high yield of paddy rice in each soil group were assumed from the results of
this study as follows.

Peat Soils; Raise of increasabilities of rice yields due to nitrogen supply by addition of soil,

optimum drainage, and promotion of peat decomposition.
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e Soil groups Gray Brown ' Gray Brown | Yellowish

— Peat Strong Gley " " '
_ Article e N ‘ - i (a luvial) | ((lg!uf ?a]) ‘ Brown )
salds (2), (1), B), (>
Yields | Tendency ( (2>(1G12(31>4) )
Increasabilities of yields A groupi (2), 3 A group>B group

Regression A; Y=34.2+224 N

due to nitrogen supply | B group: (1), 4), §) Curve B; y=35_3+15_§', N

Effect of potash especially high medium medium ‘ medium medium

Elfcct of compost ‘ recognized non recognized non recognized

Number of tillering and

ear many many . not many . not many not many

large large small small
3 (2, 1), O>5

Clay contents ‘ small

large small

- small large large
T'otal carbon ‘ (11>45), (@), (2), (3)
- o large small small large large
Total nitrogen ‘ 1145, (@), (2, (3)
e s | medium medium medium large medium
Phosphorus fixing power‘ W)>{5), @), (1), (2)
i : - i o
CEC ‘ large ! small small small | large
Degree of soil reduction i | #t + + 1 -
‘ | |
- S | ‘ e - _
Physical properties medium medium medium wrong : good
— ‘ : : — I _
Nutrient holding powers | small ‘ large i large ‘ small ‘ small
L o | L ) T B
- 1 - O ‘ —
Drainage necessary necessary partly necessary!  necessary un-necessary
Effect of deep tillage small ‘ large large ‘ large ! small

Strong Gley Soils; Promotion of nutrient uptake and optimum root development especially by
oxidation of soils by means of drainage and temporary drainage during a middle stage
of rice growth.

Gray Brown Soils; Optimum root development and promotion of nutrient uptake by soil
improvements when the physical properties of the soils were wrong.  Generally, suitable
fertilization methods such as additional fertilization should be introduced.

Yellowish Brown Soils; Maintenance of nitrogen supply by fertilization methods such as an
additional fertilization, and raise of increasabilities of rice yields due to nitrogen supply
by addition of soil.

In the above description, peat soils apply correspondingly to muck soil, and yellowish brown
soils apply to black volcanic ash soils and non-black volcanic ash soils. However, in the case

of black volcanic ash soils, a large amount of phosphorus should be supplied since the phosphorus
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fixing power is large.

8. Epilogue

Although the establishment of soil groups in soil surveys hitherto, had been used only to
discuss the characteristics of the soils surveyed and the possibilities of the soil productivity, the
author was able to make the productivity of each soil group clear with the studies on the physical
and chemical characteristics of the soil groups and on the fertilization and soil improvement experi-
ments in each soil group.

Furthermore, the author believes that it was proved that the productive characteristics of soil
groups could be demonstrated with the use of the physical and chemical characteristics, contrary to
criticisms on the clarification of the soil productivity by only the use of morphological classification
of soils. And suitable soil management and fertilization methods to obtain a high rice yield in each

soil group were discussed.





