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Summary

Soil is the basis for agricultural production. It should be
therefore maintained and improved continuously for an increase
of productivity, which is closely related to the mechanization
of agriculture. The rapid increase in productivity of the land
related to mechnization after World War II is considered to
depend upon deep plowing by crawler type tractors, subsoil plow-
ing projects followed by deep plowing by wheel tractors in general
farming. This means that the potential fertility of soil can be
drawn forth by the introduction of tractors, in which the power
exceeds the limitation of animal power.

The yield of root crops has been doubled by the utilization of
wheel tractors during the last two decades. Such an achievement
can not be found in the history of agriculture. It is therefore
considered necessary to elucidate the relationship between the
technical advancement of agricultural machinery and the produc-
tivity of land during that period. The new technical systems
should consist of the following points. In the near future, soil
layers and soil improvement will be carried out by some highly
accurate machines, such as tractor of 100 ps class and so on.

In this study some technical systems using newly developed machines
were investigated in relation to the productivity of land.

1. Mechanization in upland farming can be divided into following
five stages.

1. sStage of first introduction of tractor(1955).

2. Dawning stage(1960).

3. Fixing stage(1965).

4. Consistent system stage(1970).
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5. Heavy-duty cooperation stage(1975).

When tractors were first introduced into general farming,
we encountered some criticism, because animal power was suf-
ficient to maintain farming in those days. But the introduc-
tion of tractors brought about recognition that deep plowing
could be conducted easily. At the beginning, tractors were
employed only for general plowing, its golden age did not come
till about 1950. The dawning stage can bhe expressed as that of
plowing with rented tractors. Tractors were adopted widely
toward 1965, resulting in the end of the dawning stage. Japan
began home production of harvesters and all steps and stages of
farming were mechanized by 1970. Large-sized tractorsof 100 ps
class were introduced into village areas to raise the working
efficiency and heavy-duty cooperative work, such as subsoil
crushing, plowing and harvesting since 1975.

The yield of sugar beet and potato increased up to 122.5 and
165.2 in 1964, and 230.2 and 228.8 in 1974, respectively, as
was expressed as 100 in 1954. Although the increase in yield
may be partly attributed to plant breeding, improvement of
plowing and sowing mcthods, timely working and agricultural chem-
icals, it is no exaggeration to say that this was made possible
by deep plowing.

The depth plowed was generally about 9 cm and 15 cm even by
an exemplary farmer in the animal power days, but was extended
up to 24-30 cm, sometimes up to 35 cm by the utilization of
tractors Attention has been therefore paid to subsoil and mixed
plowing at a depth of 45-50 cm.

The yield increased with increasing the power of tractor until

the maximum was attained in recent years. Further increase
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in yield can be however expected by the introcduction of new
technical systems, such as soil improvement using the power
source of large-sized tractorsandapplication of compost and
barnyard manure into soil. The performances of various ma-
chines newly developed from this viewpoint must be clarified
for the composition of their utilization systems.

2. Most of the farm land in Hokkaido consistsof special soil
combinations, such as volcanic ash or heavy clay soil. The
low productivity is mainly due to their inferior physico-
chemical properties. Soil layers and soil improvement have
much more importance. The word "soil improvement" in this
paper was used to express improvement including both soil
layers and the soil itself. The explanation for this is that
soil layers and soil can be improved at the same time by sub-
soil plowing. The methods in soil improvement are generally
grouped into the -following five stages: subsoil crushing,
subsoil plowing, fertilizer mixing plowing, subsoil reversing
plowing and mixed plowing. Stone picking can be added to
them, since highly accurate stone pickers have been developed
in recent years. The following machines were developed for
improvement of soil in relation to the wheel tractor. Their
performances and technical characteristics are as follows.

1) Directly connected sobsoil crusher. This crusher con-
nected with a wheel tractor was devised in such away as to
keep its position high above ground by reversing the plow
beam using a hydraulic system. A wing of the unfixed type
was used. The wing can be set at the position desired for
crushing hard soil. This wing can also smoothly penetrate

into the soil, fixed at a given depth and lifted up with less
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resistance. Its effectivenesswas demonstrated to be remark-
able especially in grassland. The experiments on different
types of soils showed that draft resistance could be esti-
mated to some extent from mean soil hardness. Draft resist-
ance at the depth of 40 cm was 1,150 and 1,250 kg(mean hard-
ness, 20 kg/cmz) and 1,500 and 1,700 kg(mean hardness, 23
kg/cmz) at the operating speed of 1.0 m/sec and 1.5 m/sec,
respectively. This crusher is apt to be regarded as a machine
for light-duty from its simple structure and appearance, but
is a machine for crushing soil using shearing force which
gives rise to high resistance. The operation is generally
conducted by two subsoil crusher tractors of 100 ps class.

2) Subsoil crusher with material inclusion apparatus—
addition of fluidized materials— Although the extension
of available soil layer and improvement of drainage were
made possible by crushing subsoil, its effectiveness was
shown to be nullified in a short period. But the duration
can be prolonged by enclosing fluidized materials into the
soil. Chaff mixing subsoil crusher, subsoil crusher with a
cutter and slurry injector were developed from this view-
point. The experiments using these machines in grassland
of heavy clayey soil showed that water in soil behaved as
effective moisture and the yield of vegetation was increased.

The difficulty in obtaining these materials must be how-
ever taken into consideration. The volume of chaff required
for treatment at the depth of 50 cm and intervals of 80 cm
will amount to 22.5 m3(3.15—3.60 kg in weight) per 10 a.
On the other hand, the materials for slurry injector can be

supplied comparatively with ease from animal husbandry.
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The volume of slurry was also increased efficiently by a combi-
nation of injector and tanker. 1Its injection into soil was
shown to be better in its effectiveness of fertilizer than its
spreading on the surface.

3) Plow directly connected layer mixing plowing type.
The layer mixing plowing was made possible even by a wheel
tractor of furrow traction type using a side attached, double
moldboard system newly developed. The proportion of mixing
can be easily changed by this system depending on the differ-
ences of soil layers. 1Its draft and specific resistances
were 1,410-1,610 kg and 0.7-0.8 kg/cmz, respectively, at
plowing of 48 cm in depth in the case of the combination of
front bottom(subsoil plowing) 14" and rear bottom(surface
soil plowing) 20". These values were twice as much as those
of common plowing, suggesting that traction power of large-
sized tractor is required for this treatment. The applica-
tion of soil conditioning materials into soil was more effec-
tive after than before plowing. The yield of sugar beet was
116.7 times at the experimental plot in Nakasatsunai as compared
with that of the usual plot.

4) Plow for fertilized mixing subsoil plowing. Although
the yield is known to be increased by the enlargement of rhizo-
sphere for plants and improvement of physical properties of
soil by deep plowing, drastic deep plowing should be avoided,
provided that the layer is inferior in its properties. But
there was no problem in the case where soil conditioning mater-
ials were supplied into the lower layer without mixing layers.
Such a plowing is expected to be rather better than subsoil

plowing. The layer of worked soil can be thickened by repeat-
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ed deep plowing in the time course of years. Plows for
fertilizer mixing plowing, which can introduce soil condi-
tioning materials into soil and mix them at the same time,

was developed by improvement of plows for subsoil plowing.
Bottom 16"x3 drawn by crawler tractor was first developed for
large scale projects. The directly connected bottoms 20"x1

and 18"x2 were then developed in correspondence with the
extension of tractor of 100 ps class. All of these bottoms were
almost the same in the fundamental mechanism. Specific resist-
ance was 0.67 kg/cm2 at deep plowing of 45cm. Adding the
specific resistance for crushing subsoil and mixing soil
conditioning materials, its value was estimated to be 0.44
kg/cm2 for worked soil at the same place. Draft resistance

of bottom 20"x1 was 1.447 kgqg.

The effectiveness of fertilizer mixing subsoil plowing was
remarkable in gleyic andosols, but not in light colored ando-
sols. The yield was increased up 112-113% by the appliciation
Ca or P alone and 117% by their combination. The layer of
20-40 cm should be therefore utilized irrespective of crop
plants having different rhizospheres, since only one layer of
worked soil was insufficient for them to absorb nutrients.

In this respect, the reduction of labor in supplying materials
has been an important problem. The labor has been reduced
only in large scale projects by a bag conveying system, but
not in the other cases. Efficient mixing machines must be
therefore developed for this purpose.

3. The removal of stones from the farm land has become an
essential problem with the progress of farm machinery. Al-

though highly efficient working machines were made for high
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speed use, they are compelled to decelerate the speed because
of the damage by stones. At present, harvesters for potatoes

are used only after the removal of stones by man power. The
area where the removal of stones in Hokkaido is necessary

is reported to amount to about 30,000 ha. It has been there-
fore an essential problem to develop stone pickers and estab-
lish their utilization system. Stone pickers are classified
and their performances are clarified in the following paragraph.

1) Stone pickers for treatment of surface layer. Stone
pickers for treatment of surface layers have not been devel-
oped as yet in Japan. The performances of two stone pickers
imported were therefore examined. One of them was excluded,
since the rate of removal was low. The efficiency of the other
one was delicately related to the operation speed and number
of rotations of the engine. The highest removal(94.9%) was
attained at the speed of 0.92 m/sec and 2,200 rpm. This stone
picker for surface layer (about 5 cm) could remove only 20-25%
of stones by a single treatment. Treatment of 5-6 times each
year is at least required for the complete removal of stones.
Working efficiency was 92.7 a/hr, so that treatment could be
conducted without a heavy load.

2) Stone pickers for treatment of worked soil. The removal
of stones from worked soil has been thought to be very diffi-
cult. Recently some stone pickers for this purpose were devel-
oped in foreign countries, but three stone pickers of rod
conveyer type were independently made in Japan. The rotation
speed of these machines can be freely selected and their parts
are driven by hydraulic power. Operating accuracy of these

machines was high, the rate of removal being over 80% and
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working efficiency was about 20 a/hr. The depth treated was
generally 15-20 cm. The removal of stones from the layer of
30 cm was not attained by a single treatment, so that fur-
ther treatment was usually required after plowing.

Rotary drum type capable of treating wide areas was suitable
for clayey soil and hard to separate earth and sand. Its per-
formance was almost the same as that of the conveyer type.
Crushing type was developed for the removal of stones crushed
into small size(below 30 mm) by a roller. The rate of stones
was reduced to 0.6% from 8% by the first treatment in one ex-
periment, and to 3.5-5.1% and 0.4-1.9% from 17.7% by the first
and second treatment, respectively, in another experiment.

The merit of this type was that there was no necessity for
carting stones away. This stone picker was therefore useful
for soil below 10% in stone content.

3) Stone pickers for treatment of deep layers. The stone
content is very high in areas, such as riverbeds. The limit
of utilization for a farm is said to be about 40% in content.
Treatment by stone pickers at the depth of 50 cm in such a
land must be done for the security of worked soil of 30 cm.
Self-propelled stone pickers were capable of handling to a
depth of 50 cm, since its operating speed could be changed
freely. This machine was designed in such way as to scoop
the earth out by bucket and to separate earth and sand by an
oscillating screen set in the center part. Each part of this
picker was driven by hydraulic power. The rate of removal
was 83.7-91.7%. Working efficiency(55 hr/ha) was lower than
that of other types.

The area of available land was enlarged by this treatment,
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resulting in the establishment of a standard rotation system.
Cultivation of root crops has been considered difficult in
the soil containing many stones. Up to the present, beans
and wheat have been mainly cultivated in such soils, but
cultivation of root crops was made possible by this treatment.
Subsoil layer and worked soil can be mixed at a depth of 50
cm by this treatment, so that application of soil conditioning
materials is required in some cases. The best result was
obtained by the application of 3 tons of compost and 300 kg
of fused magnesium phosphate.
4. Treatment of animal excreta has become a severe problem
with increasing intensive housing, since the burden for treat-
ment is reaching a limit. Recently a method in which a mix-
ture of dung and urine of dairy cattle, so-called slurry can
be easily treated by a pump-store-tanker system has been in-
troduced into Japan. Slurry is a highly concentrated mat-
erial, so that it can be injected into soil only by a pump
built for that purpose. At present, however, we have little
information on its technical details. The performances of
some related machines and their utilizationsystem were also
investaated in this study.

1) Slurry pump. Centrifugal pump is
advantageous in its capability of jetting a large volume at
a single operation, but it has its weakness in the suction
of a highly viscous slurry. For instance, volume jetted by
large-sized pump was 4 kl/min, which was 8 times as much as
that of vacuum tanker. This pump was capable of stirring the

content in the reservoir tank by changing the valve. Some of
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admixtures could be cut into small pPieces with a cutting edge
attached to the impeller. Recently a helical rotar pump has
been used for highly viscous materials. This pump is useful
for conveying liquid through pipes arranged.

2) Slurry spreader. The spreading system is generally
divided into breaker disc, impeller and nozzle types. Breaker
disc type is simple in its structure and high in its effi-
ciency. Pumps are grouped into two types. One is a
pump combined of self-sustenance and the other is a pump for
only spreading use. The latter is termed a two stage system.
Slurry can be pumped up on one hand and stirred on the other
hand by this pump. A large volume of slurry can be treated
by pump of immersed type. The volume spread by slurry spread-
er was about 3-5 kl1/10 a, and that the pump capacity was
1.0-1.5 kl/min, and the spreading was completed in only 3
minutes. Dairy farms are generally located on inclined land.
Spreaders of this type are therefore suitable for operating on
such lands. Attention must be paid to the operation of wheel
type tractor on such lands, because it is inferior in climb-
ing power. The experiment showed that the limit of running
was 9° in the angle of inclination in grassland. The follow-
ing equation is available for the selection of tractor and

spreader corresponding to its angle.

3) Slurry injector. Slurry can be injcted easily into the
soil, since it is in liquid state. The yield is known to be
increased by improvement of air and water permeability
through subsoil crushing. This effect is said to be strength-

ened by injection of liquid compost. Injection of slurry
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into soil was lesser in offensive odor than its spreading on
the soil surface. Four injectors of excellent performances
were developed. The width and depth treated were generally
75 and 50 cm, respectively. The weak point of the slurry
injector is that strong traction power is required for its
operation. This is however made possible by the introduction
of tractors of 100 ps class into village areas. Further
extension of this machine will be expected in the near future.
4) Slurry lorry. Only traction by tractor is insufficient
to treat slurry over a wide area. This was thought to be
realized by the combination with transport capability by
truck possessing highly mobile power. Trucks capable of
transporting and spreading slurry at the same time was there-
fore developed from this viewpoint. A truck driven by three
axles, which is suitable for weak roadbeds and running on
inclined land, was selected for this purpose. This truck
had the same running power as that of common truck and was
of practical use. Supply of slurry into injector and its
spreading was conducted by a pump connected with the internal
part of the tank. This pump was an immersed, centrifugal type
and thie volume jetted was 2,650 l/min at 2,000 rpm. Six kl
of slurry were treated in only 3 minutes. The cost required
for a slurry lorry was estimated to be 394 yen per ton at the
radial range of 14 km, while that for slurry spreader drawn
by tractor 1,234 yen. A slurry lorry is therefore considered
to be suitable for a large scale treatment in terms of working
efficiency and cost. Recently this lorry has been also uti-
lized for the application of potato waste fluid into soil.

This system is cheaper for treatment as compared with aeration-
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discharge ihto a watercourse system and has been highly evalu-
ated from the viewpoint of circulation agriculture.

5. Agriculture can be also regarded as a transport industry.
The quantity tranported at upland farming amounts to 840 -tons
in standard rotation system of 4 years. Although a detailed
study has not -been made on the transport system, its ration-"
alization mist be solved at thepresent time when a consistent’
mechanization system has been established. The maintenance

of transport is closely related to the preservation of soil
fertility. Agriculture depending on organic fertilizers and
animal power was at its zenith of prosperity during 1950-

1955. But the utilization of compost and barnyard manure ‘de-
creased with the progress of mechanization and specialization
of agriculture, resulting in the decrease in soil fertility.
The number of animals and their excreta have increased, while
the area of arable land is almost the same as that in those
days. This raises a new problém on the treatment of compost
and barnyard manure in animal husbandry. This can be consider-
ed to be realized only through the combination of upland farming
and animal husbandry. Maintenance of transport system must be
therefore established prior to this mutual cooperation. Trucks
for agriculture usage were larger in number than common trucks;
however the number is almost the same at the present time.
Although large-sized trailers are mainly used in Europe and
america, small- or middle-sized multipurpose trailers will

be useful in Japan in terms of the area of farm land and type
of crops cultivated. At present, trucks for general industry
are substituted for agriculture, but a great problem is that

truck of this type is inferior in its running power on farm

v
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land. Improvement of loading capacity in its relation has
been demanﬁed. Two trucks for agricultural use(loading
capacity, 3.0 and 3.5 tohs) were developed for this purpose.
Its running capability was promoted by the introduction of
low speed mission, four wheel drive and tires for low and
middle speed. All cooperative work with tractors were made
possible by the development of these trucks. Transport
working was also capacitated by the equipment with PTO.

For instance, both transport and spreading of slurry were
made possible by loading slurry tanks on truck, indicating
that mobile power is greatly increased by the combination.
This was true in the case for fertilizer, slurry spreader
and manure spreade;. The performances of small and large-
sized wheel loaders were examined in the sense that the

law for loading capacity must be amended corresponding to
the progress of trucks. Large-sized wheel loaders equipped
with three point hitch and PTO was also developed for multi-
purpose use as was the case for wheel tractor of 100 ps
class. This is the first time that such a function was added
t& wheel loaders. Wheel loaders were heavier than wheel
tractors, while the former was superior in traction power

to the latter.

6. This paper deals with the relationship between mechani-
zation of agriculture and productivity of land, and with
mechanization system for its increase as was described above.
In this connection, the performances of various machines
including imported ones were examined and some of them were
newly developed in this study. The combination of upland

farming and animal husbandry were first visualized by the
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intermediation of these machines. This study will therefore

contribute a great deal to the future agriculture in Japan.
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