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1. The present state of Agriculture in Japan

Rapid growth of economy beginning from the early 1960's promoted farm
mechanization in Japan. Thereafter, riding tractors and their tillage
implements, rice transplanters, fertilizer and pesticide applicators and head-
feeding combines have been rapidly developed. It may be said that the
mechanization system of rice cropping has been completed. However in 1993,
the minimum access concerning with free trade of rice based on the mutual
agreement in the GATT Uruguay Round was concluded. As the result of it ,
Japan has now the obligation to import 4 - 8 % of its rice consumption.
Currently, Japanese agriculture is facing growing problems because of the
shortage of efficient farmers and higher production cost when compared with
international agricultural production. Demands for innovative technologies to
overcome the problems mentioned above are strong, and I believe, research and
development in agricultural machinery is also entering on a new phase in Japan.

1.1 Farm lands
Table 1 shows the comparative statistics on farm land between Japan,

U.S.A., UK. and France. A notable figure is Japan's unit farmland, area per

Table 1. Comparative Statistics of farmland”

Japan U.S. A. U. K. France

Cultivated area (1,000 ha) 5,080 394,580 17,140 30,530
Area per farm (ha) 1.5 191 70 35
Area per capita (a) 4 1,675 31 53
Price of farmland (1,000 Yen/10a) 1,690 16 64 40

1) An agricultural white paper. Agriculture and Forestry Statistics Association,1996



farming unit.

Farms in Japan as well
as other Asian countries's France |
are very small scale U.K
operations. The percentage U.S. A
of forest is highest in Japan Japan

and that of arable land is
almost same as the world farmland forest others
average (Fig. 1). These arable land

statistics characterize not
only the agricultural
machines developed but
also the entire production
systems. It is said that three
fourth of farms in the world  Table 2. Distribution of farmland in Japan
are of small scale.
Accordingly, how to
mechanize small scale farm
efficiently is an important
subject for the majority of
humankind.

Fig. 1 Distribution of Land Use"

Total area of farmland in Japan

1960, 6 million ha
1995, 5 million ha

. Paddy fields 2.75 million ha
Agricultural land area i L
totaled almost 6,000,000 ha Dry fields 1.23 million ha
in 1960. But as a result of Orchards 0.41 million ha
rapid economic growth, Pastures 0.66 million ha

increasing demands for
residential, industrial and Farm land per farm is 1.47 ha.

transportation sectors have
impinged upon farm land. The farm land in 1995 amounted to 5,040,000 ha, of
which 54.5 % is in paddy fields, 24.3 % in dry fields, 8.1 % in orchards and 13.1
% in pasture. As noted in Table 2, average farm land area per farming unit is
1.47 ha.

Paddy fields in Japan have been decreasing on a yearly basis, as the result
of government policy to convert paddy fields to other uses on account of
perpetual supply surplus of rice. The conversion of paddy field to other uses
began in 1978 and the converted area has increased to 600,000 - 700,000 ha. In
addition, fallow farm lands can sometimes be seen in remote and secluded



areas, further decreasing farm lands.

As to the scale of farms in Japan, there is a gradual increase in the size of
farming unit to more than 3 ha and gradual decrease of small scale farms of 0.5
- 1.5 ha (Fig. 2). The enlargement of farm scale is mainly by lease. Farms with
more than 5 ha and paddy field areas managed by rice crop service cooperations
are increasing all over the country.
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Fig. 2 Distribution by Farm Scale”

1.2 Farmers

The 6,000,000 farms in 1960 has decreased to 3,440,000 in 1995. As
shown in Fig. 3, selling farms, which are defined as a farm having farmland
more than 30 a or farm produce sale of more than 500,000 Yen per year,
account for 77 % of the total, and about 16 % of them are full-time farms.

Selling farms consist of mono-product farms (79 %), semi-diversified
farms (16 %) and diversified farms (5 %). Among the mono-product farms, rice
crop farms amount to 66%, orchard farms 9.4 % and vegetable farms 7%.

The age distribution of farmers is shown in Fig. 4. A matter of importance



Total number of farms

1960. 6 millions
199s. 3.44 millions (43% reduction)

Selling Farms*
» _2.65 millions

Full-time Farms
0.43 millions

Self-supply Farms
0.79 millions

Part-time Farms I
(Main income
from agriculture)
0.50 millions
Part-time Farms II
(Main income from agriculture)
1.72 millions

* Farms having more than 30a of land or selling farm products
more than 500,000 Yen per year.
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is that there is a peak age of between sixty and seventy for both sexes in the
curves denoting the numbers of mainstay farmers and the farmers mainly
engaged with agriculture. And the second peak appears in the forties age group
representing the second generation farmers. The aged mainstay farmers will
retire in the next several years.

According to 1996 census, mainstay farmers amount to 2,634,000 and 33.6
% of them is more than sixty five in age. The numbers of young people who
began to work agriculture were about two thousand per year.

The decrease of efficient mainstay farmers is also one of the factors
influencing the characteristics of agricultural mechanization in Japan.

1.3 Food supply

Many years have elapsed since the diet of Japanese have been changing.
While the consumption of meat and dairy products has increased, rice
consumption has been decreasing year by year (Fig. 5). This diversified, rich
diet is sharply dependent on the imports of raw materials from abroad. Self-
supply rate of foods in Table 3 shows dramatically that a large portion of feed
grains and soybean which are indispensable for producing dairy products and
meat as well as oils & fats depends on the imports from abroad. And, it also
indicates that sufficiency of foods calculated by calorific basis is less than 50 %.
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Fig. 5 Trend of Foods in Japan!



Table 3. Self-sufficiency in foods in J apanl)

Foods * Year 1980 1985 1990 1994
Rice 100 % 107 % 100 % 120 %
Wheat 10 14 15 9
Beans 7 8 8 5
Vegetables 97 95 91 86
Fruits 81 77 63 47
Meats 81 81 70 60
Egg 98 98 98 96
Milk & Dairy products 82 85 78 73
Fishery products 104 96 86 73
Sugar 27 33 33 29

Total self-sufficiency 69 69 67 74
Total calorie sufficiency 53 52 47 46
Total grain sufficiency 33 31 30 33

It is estimated that 1,200,000 ha of farmlands, more than twice the farm
land in Japan, are utilized abroad to produce the amount of Japan's imported
foods. Our Government is framing a policy of securing a stable food import in
addition to domestic production, and of an appropriate food bank for emergency
needs.

As a result of the mutual agreement in the GATT Uruguay Round, a new
food law was enforced in Japan. The degree of freedom on rice distribution was
enlarged, resulting stiff competition. Thus, a reduction in production costs is
the most important target when new agricultural systems are developed.

1.4 Spread of main farm machinery

An intensive suite of agricultural technologies have been vigorously
introduced in Japan since 1960 (Fig. 6). During these thirty years from 1960 to
1990, the introduction of farm machinery as well as application of pesticides
increased seven times, and fertilizers and energy used increased by one and half
times. In contrast, the amount of labor decreased to almost a half, mainly by the
utilization of farm machinery. The application rate of manures decreased
remarkably too.

There has been a small increase or a decrease in the numbers of main farm
machinery utilized. According to the recent census of 1995 (Table 4), power
tillers, rice transplanters, binders and grain dryers decreased in numbers, while
riding tractors increased in these five years. Another tendency is that the
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Table 4. Utilization of Agricultural Machinery

(including co-ownership)

Kind of Mahines 1990 1995  95/90 (%) lgglft:rﬁfsr*
Power tiller 2,185,400 1,714,006 78.4 48.8
Tractor 2,142,250 2,309,211 107.8 63.8
-15PS 643,010 613,956 95.5 -
15-30PS 1,262,660 1,383,861 109.6 -
30PS - 236,580 311,394 131.6 -
Pesticide Applicator 1,871,310 1,917,847 102.5 54.7
Rice Transplanter 1,982,560 1,864,640 94.1 50.7
Binder 1,297,910 1,018,642 78.5 28.7
Head-feeding Combine 1,214,900 1,201,553 98.9 33.1
Grain Dryer 1,281,610 1,118,534 87.3 31.8

* selling farms



machinery of large size or with high output performance are required as shown
in tractors as an example, reflecting a gradual change of farming scale. Riding
type or multi-rows type machines are taking the place of walking type or a few-
row type ones in rice transplanters or head-feeding combines.

In view of agricultural machinery production (Table 5), it seems that the
spread of agricultural machinery is at saturation. However, there is some
indications that larger machines are increasing and crawler tractors are used for
accurate soil preparing operations in large scale paddy fields.

Table 5. Agricultural Machinery Production ( x 1,000 units)

Items 1990 1991 1992 1993 1994
Power Tiller 269 271 246 226 213
Wheel Tractor 156 148 146 146 156
-20PS 71 60 61 59 56
20-30PS 59 59 55 56 61
30- PS 26 29 29 31 39
Crawler Tractor 19 13 10 9 12
Rice Transplanter 91 87 81 85 86
Sprayer 220 199 181 166 142
Duster 150 163 162 134 123
Hand Mower 1601 1658 1890 1589 1554
Combine Harvester 69 73 66 65 61
Dryer 59 58 52 56 62

As a result of farm mechanization, the hours of labor (man-hours), have
been sharply reduced. In rice crop, the average working hour was about 180
hrs./10 a in 1960, but in 1993 it decreased to less than 40 hrs./10 a in 1993. In
respect to farm scale, the effect of scale on labor hours is obvious in rice
cropping. Rice yields are not influenced by farm scale, 540 - 560 kg of brown
rice per 10 ares on the average, and the scale effect clearly appears in the
production cost (Table 6).



Table 6. Cost, Yield and Working Hours of Rice Production per 10a
by Farm Scale in Japan (1994)

* The unit of cost is thousand Yen

Scale (ha) Average -0.3 0.3-0.50.5-1.0 1.0-1.5 1.5-2.0 2.0-3.0 3.0-5.0 5.0-

Total 167 228 208 189 173 161 156 148 131
Cost*, (%)  (100) (100) (100) (100) (100) (100) (100) (100) (100)

Machinery 25 31 28 27 25 26 27 23 21
Cost*, (%) (15.2) (13.5) (13.4) (14.3) (14.7) (16.0) (17.3) (15.5) (15.8)

Labour 55 9 78 70 61 52 46 42 33
Cost*, (%)  (33.1) (42.0) (37.3) (36.9) (35.6) (32.3) (29.6) (28.5) (25.2)

Yield (kg) 543 551 538 534 536 536 555 563 548

Working

Hours (hrs) 376 654 539 468 41.1 347 321 303 229

2. The new farm policy

In 1992, the Ministry of Agriculture, Forestry and Fishery announced a
new policy entitled "The Prospects of New Food, Agriculture and a Rural
Community", in which security of stable food supply to the peoples, activation
of rural economy and preservation of the land and the environment over the next
century are stressed. Furthermore, the objectives to reduce farm working hours
and to make the farmer's life-income equal to worker's in other industries have
been set up. The desirable rice crop farms to be established for ten years ahead
is given as follows.

2.1 The rice farming project (Table 7)

It is estimated that rice will be produced by individual farms, cooperative
farm groups and self-supply farms. Eighty percent of the total rice yield is
expected to be produced by individual farms and cooperative farm groups.
Two-thirds of individual farms produce not only rice but also vegetables and
fruits etc., and the majority of small scale farms will take part in cooperative
farm groups, which are to be established in each village or several villages,
depending on the natural conditions or management capability of farm
operations.



Table 7. Estimated Numbers of Rice Production Farms - ten years ahead -

Individual Farms
Rie Crop Farms 50,000 with the scale of 10 - 20 ha
Diversified Farms 100,000 with the scale of 5 - 10 ha

Cooperative Farm Groups
Mainstay Rice Crop Groups 20,000 established in up to several villages
Trustee Groups 1,400,000 small scale less than 1 ha
Self-Supply Farms 600,000 - 1,100,000

Targets of the total labor hours and production cost per 10 ares are to
reduce to less than 25 hours and 50 - 60 % of the current average cost,
respectively. Total number of farms is estimated to reduce from 3,830,000 to
2,500,000 - 3,000,000, ten years ahead.

3. The problems and the related research activities of agricultural

machinery.

As described above, there are many problems awaiting practical solutions
in Japanese agriculture. The main subjects to be solved will be summarized as
follows:

1) Measures are needed to attract young people to the farms and to
counter the increase of aged farmers.

High technology systems must be developed to make farm work
attractive for the young and safe, easy and comfortable machines for
the aged.

2) Reduction of production costs

Cost reduction of farm products has to be realized by developing
new production systems, by adopting automation and labor saving
technologies.Larger-sized machines with high performances will be
used because reduction in labor cost is the most effective for
decreasing production costs. Special machines must be designed for
farm work mechanization in hilly, mountainous areas where
effective usage of machines is difficult.

3) Supply of safe and high quality farm products
4) Development of environmental friendly agricultural technologies



4. The current research and development activities
4.1 Activities of urgent development and introduction of agricultural
machinery.

The agricultural mechanization law was amended as a part of a new
agricultural administration in 1992, and the activities of urgent development
and introduction of agricultural machinery were enforced. The main objectives
are to attract young farmers, to reduce labor sharply for supporting the land-use
type production farming and to make farm work comfortable. The activities
have been promoting mainly in Bio-oriented Technology Research
Advancement Institution (BRAIN) in cooperation with agricultural machinery
companies and universities. A company for promoting the activities smoothly
was inaugurated.

The following thirty nine subjects have taken place since 1993. According
to the plan, it is requested that every new machine development should be
completed within three years as a rule. The classification of the subjects and the
explanations on some of them are as follows.

1) Vegetables, Up-land Crops Group: 17 subjects

a) Grafting Robot: Cucumber, watermelon, melon
Working efficiency; 13 plants/ min.
Rate of success; 95 - 99 %

b) Full Automatic Transplanter:
Automatic feeding of vegetable seedlings
Planting speed: 0.35 m/min.
Working efficiency; 10 a/hr (two rows type)
Rate of mis-planting: less than 3 %

c) Cabbage Harvester
Pulling out, root cutting and harvest
Working efficiency; 3 a/hr
Speed: up to 0.30 m/s

d) Transport Vehicle for Heavy Vegetables:
Forklift type , reach & turn system
Loading capacity; 500 kg
Maximum lift; 1.8 m
Carrying speed; O - 7 km/hr (HST)

e) Compost Unit for Agricultural By-products:
Residues and trash of vegetables,
Capacity: more than 50 kg/day



Types: Batch, Continuous
Deodorization: Biological method
2) Animal Husbandry Group: 8 subjects
a) Simple Pasture Renovator:
Simultaneous operations:
Tillage by thin blades and additional planting,
application of fertilizer, covering and pressing of soil.
Working efficiency: 50 a/hr
3) Rice Cropping Group: 8 subjects
a) Special Vehicle for Rice Crop Management
Mounted Implements and working efficiency:
Transplanter: almost same capacity to common type.
Fertilizer applicator: more than 40 a/hr
Pesticide applicator: more than 40 a/hr
Traveling speed: 0.7 m/s
b) High Speed Rotary Implement
Maintaining the same working accuracy in spite of
high speed of 0.7 m/s
Tractor used are equipped with 53 PS engine
4) Orchard Group: 4 subjects
a) Spraying Robot with Cable Guidance System:
Same performances to common sprayer
43 PS, 4WD-4WS spraying vehicle
Traveling speed: 0.3 - 0.8 m/s
Good performance was achieved in an apple orchard
b) Spraying Robot with Pipe Guidance System:
Good results were obtained in an orange orchard
3.5 PS, 3 wheels, HST spraying vehicle
Traveling speed: 0.25 - 0.35 m/s
Working efficiency: two times by manual spraying
method
5) Fundamental Technologies Group: 2 subjects
a) Image Processing Technology for Crop Recognition
In nursery plant of vegetables:
Judgement of seedling conditions
Detection of mis-planting
b) Position Control Technology:



A new remote control system

Combination of DGPS and TV camera images

A good controllability was obtained in a tillage test using
this position control technology.

4.2 Research and extension activities of agricultural machinery
1) Agricultural Research Center
Hydroponic
raising of seedling
and transplanting
technology for mat
type rice seedlings
has been developed
since three years ago
in cooperation with
the related
companies and
BRAIN (Fig. 7).
Feasibility tests will
be conducted in
prefectural Fig.7 ARollof Long Mat Type Rice Seedlings
agricultural stations (Diameter; 40 - 45 cm, weight; 13kg)
next year. This
reformed labor saving technology is hoped to spread at a stroke in
several years ahead.
The aims or results of this new system are summarized as follows.
1. To reduce labor in nursery by growing seedlings in
hydroponics.
2. To make seedling transportation easily
3. To increase working efficiency of transplanters. No
resupply of seedling when 6 rows transplanter used in a
paddy field of 30 ares.
4. To meet rice crop farming of large scale. Nursery and
transplanting of rice for 30 hectares under the conditions of
10 hours work in a day by husband and wife for the period
of about one month.
5. To be able to reduce production cost by almost 40%.




2) Hokuriku National Agricultural Experiment Station

New rice direct sowing culture technique of broadcasting
sprouted seed onto wet soil coupled with firm passages, "tramlines"
prepared for a steady traveling of working vehicles has been
developed for large scale paddy fields. This new system aims at a
greater reduction of labor not only in busy spring period but also in
all operations of rice cropping from soil tillage to harvest.

Direct rice sowing has been decreasing since 1974 with the
spread of transplanters. Various methods of direct sowing have been
tried, but sharp reductions of labor and production cost are not
satisfied up to now.

Tramlines, as they imply, consist a pair of passages having the
interval so as to fit the tread of a tractor of other related vehicles.
The passages have the configuration of shallow ditch by which swift
flooding and drainage in or out of large scale paddy fields can be
realized. The tramlines were experimentally constructed at the
interval of 10 m. All machine operations including pesticide and
fertilizer applications are conducted by using the tramlines (Fig. 8).

Fig. 8 Herbicide Application by Use of "Tramlines".

In this new rice direct sowing culture technique, after ordinary
tillage and puddling, water is drained. Then, sprouted seeds are



broadcasted in such a high density as 6 - 10 kg/10 a (in conversion of
dry seed) onto soft wet soil, and flooding is not practical for two or
three weeks, and germination and growth of seedlings begins in that
period. After seedlings grow two or three leaves, the growth control
which secures the number of stems is carefully executed by flooding
water to deeper depth and applying slow release fertilizers.

The advantages of this technology are expressed as follows.

By eliminating the traditional nursery process,

1. Reduction of facility cost,

2. Reduction of labor cost,

3. Effective for large scale rice farming and

4. Prolongation of harvesting period due to later maturity.

As a result of the experiment in 1994, remarkable reductions of
labor hours and production costs were obtained as shown in Table 8,
while the yield was a little bit lower than that of traditional cropping
method.

Table 8. Results of the New Sowing Culture in 1994.

Items New Method Averages in Japan
1. Labor hours 4.8 hrs/10a 37.6 hrs/10a
2. Yield 540 kg/10a 543 kg/10a
3. Production Cost 8,920 Yen/60kg 14,582 Yen/60kg

3) Chugoku National Agricultural Experiment Station

Levee plastering and mowing works require much labor, causing
a barrier to magnify farm scale and to reduce production cost.

A new method of covering levees by soil-mortar for weed control
has been developed. Soil-mortar is made by mixing soil, cement and
coagulant in the mass ratios of 1, 0.14 and 0.003 respectively and by
kneading the mixture with water. The preferable thickness of
plastering is more than 3 cm. The required labor hour is 40 hours by
three workers (Fig. 9).



Fig.9 Construction of levee covered with soil-motar
by using of an ordinary levee plastering machine.

4) Chugoku and Shikoku National Agricultural Experiment Stations

It is very important to secure the trafficability for vehicles used in
such works as weeding, intercultivation, pesticide application etc. in
hilly orchards. A construction method and utility of a simple
pavement have been developed. The advantage of this method is
that the pavement construction can be achieved by farmers.

Soil setting agent (methyl-cellulose high polymer as a chief
ingredient) and cement are scattered by an ordinary broadcaster, and
are mixed with soil by a rotary-tiller. The required time for
constructing a pavement of one meter width and one hundred meter
length is 25 man-hours. The expense of the simple pavement is 60 %
for that of a concrete pavement.

A small crawler vehicle for spraying work and a transportation
vehicle which were designed to run the new passages in hilly
orchards have been developed. As a result of application test, they
showed about 30 % reduction of working hours (Fig. 10).

5) Priority studies of agricultural machinery in the academic
organizations.

The following studies are desired to be carried on toward the
coming century in the academic organizations.

1. Advanced labor saving machine systems

2. Machines or equipment related to biotechnology

3. Methods or machine for the production and conversion of

biomass



4. Methods for securing high quality farm products
5. Information systems related to agricultural machinery
6. Environmentally friendly agricultural technology systems

Liquid pesticide tank Air blowing pipe

Fig. 10 A small air blowing type pesticide applicator.
(Size: L=2250, W=900, H=1450 mm, Weight: 510 kg,
Reach distance of pesticide: 15m,

Spraying rate: 25 1/min.)

5. Conclusions

Based on the present situations described above, I forecast the future
agricultural mechanization and the related studies as follows.

Liberalization of trade on farm products will be promoted more and more.
And, the enlargement of farm scale and cooperative works will spread. As a
result of it, advanced technological systems securing high performances, safety,
comfortability and durability should be developed. Especially, agricultural
machinery bringing economical profits will be strong demand.

Introduction of system approach is indispensable for the developments of
agricultural machinery systems. Because, it is important not only to meet
demands for high performance of each machine but also to contribute to the
improvement of total efficiency on the whole production system. For example,
it is often said that the mechanization of rice cropping has already been



completed. However, there still remains some farm works being done by hand
labor and inconvenient conditions lowering the efficiencies of machinery. As is
symbolized in the example of levee management works, such problems
described above often cause a production bottleneck especially when farm scale
is enlarged.

An advanced machine does not always mean a large size but an efficient
and clever one to suit to the size of Japanese farms. In the development of
machinery, it is necessary to consider them in relation to plants or animals and
their environments. Therefore, the studies concerning the impacts and
responses on artificial or mechanical workings to a living thing and its
environment become important.

Another point of view tells us the importance of environmental
preservation. Basic principle of human activities in the next century will, I
believe, be placed on "sustainability”. Sustainable production can be achieved
by balancing the use of the environment, natural resources, energy and
economy; not excepting agricultural production.

With projected increases in human population and lagging food production,
the dreadful threat of famine may come sooner than expected. And if world
food supply becomes short, it must not be permitted from a humanitarian
standpoint. Agricultural production should not be stopped or reduced in those
countries capable of agricultural production simply because of economical
reasons.

Therefore, the development of optimum agricultural machinery systems is
indispensable in overcoming severe food security situations, particularly in
Asian countries. To realize it, we agricultural engineers have to promote the
application of fundamental and applied sciences to development of agricultural
machinery.
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Total number of farms

1960. 6 millions
1995. 3.44 millions (43% reduction)

Selling Farms* _ Full-time Farms
-.2.65 millions 0.43 millions

Self-supply Farms
0.79 millions

| Part-time Farms I
{ (Main income
from agriculture)
0.50 millions
Part-time Farms II
(Main income from agriculture)
1.72 millions

* Farms having more than 30a of land or selling farm products
more than 500,000 Yen per year.
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(men)

Farmers more than
one day working

populations belonged to
farm houses

140120100 80 60 40 20 0 O 20 40 60 80 100 120140 160
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1.3 4% &7

1Y 58 EW AU HAgE v 7t &S 4 F A FF R FAES
av7t A&EHo2 F7hE 7k e wbd, g AWge ZAd 7R de FAold.
0 Hede] JyEe F2 2P e 459 £ 9t o] Fojzich. ® 39 A
FAFES] B BE FAF, §F 2 715 5 Aol Hag zAlae Fo @

FEol F2 Fdd Eetn e AR e E VxR o AN AFANFE
50%°l8td& eI ok

120

100}
- milk, dairy products

80+
i - -« rice
60 | /
—
» - wheat
40+ S i
B P R R L Rl --—— meat
;y”
20 e «— 0Oils and fats
-J{;ﬁﬁ”_

3% 5 dEY HE B

meba dE 2AARA Fujrl J= 12008 ha) she AABHA MAH A
Be #9stn Ux AoE FAHD Yor, YR FRE 2y A4m i ody
A% 545 AFAHE AT 1S Astel AYL FHsD Aok £ URY 45
4 A=A AFo] g A2e THE Folatn ok Aol Wy TEA] Holmem
Astel Az AW zAAALH, ol HiuPo) doz FHAMANAE 77
Fa% 2EIE P& ATUA 1 Aok



H 3 YE2 A= X]-—"—}%l)

Ag.-de 1980(%)  1985(%)  1990(%)  1994(%)
2 100 107 100 120
= 10 14 15 9
z 7 8 8 5
2 A 97 95 91 86
3 81 77 63 47
57/ 81 81 70 60
A & 98 98 98 9
5 2 FAE 82 85 78 73
H AE 104 96 86 73
ekl 27 33 33 29
Z A58 69 69 67 74
Z =2 AF & 53 52 47 46
I IE AFE 33 31 30 33

14 F8 F&A9719 g

79 60 olt weh o] BY71&e 196080l WEHeR AT Frk 1960
~1990d 9] 0WEL /AL EA% FFAel Age 7Y Frtgen, Aed
uEst UL 1597 F7hstdh W] wmFee] Rle F2 wlAe Ago)
detel ANOR FAEYLY AB AEE AR 2ALE ¢ & Ao

2 52719 Radsd JolME tha Fzol o] oh ® 4o Uehd 19954
9 AN s, $HALI, o197, wMAn 2 Azrle wadrE Fa W 5
$EYHY BAgsE HE 59T 3L e HolFI Utk EOE Ao
EdEg 2 $9 1Y 2 245 M UYe EdEr) aTdn 8L ¢ 4
e, ol FEAEs HAHeR AAD Ues Yl Yok

X 58 &Y LS AHEYE FAU9 BFL E3FE ddm & 5 drh
a2 dE ZIAY YR F2&e A9 Zo] AU Ax|AHYo AlgHE FAY
EHE7}F FUstn e Aoz Bt}

FANAGS] AHRRA =FALE AA FAEJH FEFQ AE HIALFANS
1960:d e 10a%d 180A1ZHel A 1993l &= 4022t 2 ARt =5A 2] d A%
TR Zde BEHS AMdoly, F3FL A FRol 9sle G¢FL wx o} 10a?
Hadoz 540~560kgelth. FEFEe E3E E 69A B ulel o] Agakulel A
#eog FaA vdeiva gl



900

jicides 1800
Pestic 1500

1600
41500
4400
1300
Fertlllzer 1200

180

160 "‘ ‘\ “ :_:/‘\'~
> 140 - ',' \ 0‘/ . \l"".
B 120 iy
' . ner
£ 100 st~ ENOTGY
T 28 - ""‘%_.’...‘\ ... Labour
40} Manures ™. . ~
'201“”1:'111..“lllllllnnl.;lnl

1960 65 70 75 80 8 90

aY 6 48 FaEdved FRE

E 4 574 ol & 8%

(BEAH E3)

7% 1990 1995 95/90(%) T qﬁf?‘%
597387 2185400 1714006 784 B8
edy 2142250 2309211 1078 638

157+ (PS) o] 3 643010 613956 %5 —

15~307} (PS) 1262660 1,383,861 1096 —

305} (PS) o] 4 236580 311394 131.6 -
4 7] 1871310  1917.847 1025 54.7
o]} 7] 1982560 1,864,640 94.1 50.7
uel ) 1297910 1018642 785 287
Zujal 1214900 1201553 98.9 331
n2Az7 1281610  1.118534 873 318
* Yol F 7t



E 5 F71A BAE(EH 1,0000)

7% 1990 1991 1992 1993 1994
TH A&7 269 271 246 226 213
E HE}(Wheel 3 H) 156 148 146 146 156

20 " (PS) ©]&} 71 60 61 59 56

20 ~ 30" (PS) 59 59 55 56 61

307t (PS) o] & 26 29 29 31 39
EYE(FIAE HH) 19 13 10 9 12
01471 91 87 81 85 86
w771 220 199 181 166 142
Chmatd 150 163 162 134 123
o3 7] 1601 1658 1890 1589 1554
Rl 69 73 66 65 61
Az 39 58 52 96 62

E 6 A& FETE 10aF WE, BAF L AP 7H1994)
* Hg9o] 9= 1,000 9.

& ¥ (ha) ¥d -03  03-05 05-10 1.0-15 15-20 20-30 3.0-50 5.0-
&7 167 228 208 189 173 161 156 148 131
H] 8-* (%) (100) (100) (1000  (100)  (100)  (100)  (100)  (100) (100)
71 AW &=,(%) 25 31 28 27 25 26 27 23 21
(152) (135 (134 (143) 147 (160 (173) (155 (158)
=d*, (%) 35 96 78 70 61 52 46 42 33

(331) (4200 (37.3) (369) (356) (323) (296) (285 (252)

A2 (kg) 543 551 538 534 536 536 555 563 548

AL A 2
(hrs) 376 654 53.9 46.8 41.1 34.7 32.1 30.3 229

2.4 4479

19929 THALZ “M2E 4%, v v&
oA ol AW AF¥ TFY ¥R, 527 q
e HE Tl FHE 5 Uk = =F5ANE Folu ¥
del 2R e FELR FAAIHE ZEE
23 & YN FrhEF7E B 74 AAHL



E 7. AQE s ugss) 34

N 57}
1Y 10~20 ha FEZ 50,0003
A% ' 5~10 ha FE 100,0003
A5t aE
BAE1F o) Retol M 20,0008 24
Aets1E 1 haRth Z&FRZ 14000005 ZA
A8 E 600,000~ 1,100,0003.
2.1 vz AY

gto2 &2 MAE7H A2 FD SHE A Aol JidHT U & 4
Yol 80%7F MAs7ke A7t 2F st o] F4A Aoz sgEn £ sHA
F7he} 2/3% ¥ oYk AL R AF T AWEH, diods 27E FrHELS A4
By s2e) #e s wet 74 Fe £ oy 28 g9 E dyHoxE gdEvt
aFe FHdg Aol

10ad Fx=5AE 2523 o3tz Folg Aol Haule A PF v Lo 50~
60%4e HEEE EXE Ao 108F9 FE713FE @AY 3,830,0005 0 A
2,500,000~3,000,0003 AEE ZolE Ho=Z HQTH

3. 84719 AN A1+8F

AolH AFE ik 2ol YR AL AAHA AAAL skl Be BANE
1 ek sAHolok s HATL e 2o,

D #e 3& $d2o2 oo 3ta nH FAATE Fo|7] 948 o] a3z}
=2

e FolA gHQd wholeks AAE F7] A5t Ha9 Y7L BHA)
T x=d3E Ak dEa, Abge] Hedtn ¢Ew JAES Esor @)

2) Aikele] 43
M2E AAAA 753 g7 A5 BHstd 7)1eS AHEsto] Qaty) W7
< AR AL doh =Ful &) AAVE Yakw] Bel hg ARHolmE m 4y
w2 WA ALEE A of ek EF s|Alo] &K AEo] ofge AYo)
U 73RN A F e 55 JIAER ngHA AR o dhr)

3) M uFAY FAE TF

4) 3334 FA7led AL



4. 449 A+N2ETF

41 @ 34719 A% A%

1902de] A FAAA AR2A FA7IAS gl ARHAR, A =AU
Aol 2% Eol FHHAY. L 22 FEoE BesolL nEANY ¥7)HQ
93 2 4% sAYo]l FAe) FEHoz ol AT 0B AW BEL FANABA

w2 3AEY JEHsldg MEASHANY V&I FA Y FHBRAINAN F2 Ads}
T2 5o gtk

19030l Thee) 93A7E AWHD A AGe] elaiy RE A=
Age FAozA 3] SAH Ak Bt olei @ FASS LRHW G 2ok

1) A 2 A2 28 2§ 17 A

a) FEEE: o], F#u 79

ZAdFE: 13 N/#
AEAFE: 95~99%

b) AAE Aol 7]
oA g MNARS AZFF
o]y 4 x: 0.35 m/E
AT E: 10 a/A1H2ZA)
ujo]4]-g: 3%0°) 5}

c) Yl F =87
A BIAHG 8
AA5E: 3 a/AT
AAL4£E: 03 m/2

d) ARz
Xade, =22 2 A Axg
A2 548: 500 kg
Fods: 1.8 m
SHrEE: 0~7 km/AI3}

e) TPFALE e FHul3 A
Ao JHEFH 287 AHE
€% 50 kgold/d
e vz 2 A%

A ABEA Y

2) %4 2F: 8 FA



3)

4)

5)

2 HAHY 2z B2

SFe ol ¥ A&, #F, HEHE, BE € AY¢e FA £33

QA& 50 a/A

HAu 1§ 8 A
a) WA & EF4F
A 24 7]
o7l ey} A e B
Al 711 40 aol A/A 7
w711 40 aol Ab/A13F
AL E: 0.7 m/%
b) 1% 2z 3¢
07 m/z29 n&APoR 712 AYPHE §X
53 PSel EYE A&

I 2§ 4 A

a) AlolE FEAI2g WAz
71E BAIG 2 AT
43 PS, 4WD-4WS 4| 2} &
APdE&E: 0.3~035 m/=

b) FolL fFEA2¥e] WA R
207 Yol F2 HAYE LS
35 PS, 3 v}, HST #HAl A3
A& 0.25~035 m/x
Adag: Y Ful

7127Ne 2§ 2 BA
a) FEJNE JH4He7e
Aol BE 7A
wEde e B
u) g} F o] 7R
b) YA} &
NE2E YA A Wy
DGPS¢} TV 7tulgl 948 Bz oz 218
o] YA} 7R FAE&HY AgolM T AHE IS



42 71 A %ok A8 F
1) I FAE

Bl5 o et MiERS] o]Y7|Ee] FHI| A} YEAFEZAY JlEdTAYA
T(BRAIN)Y FE5ATE 3d4FH MIE T, idel 2 7h54& 2 ddl A=
FTAAN DR AT dAelr) ol g Y3 7 EL ¢ dFde B3I FIE
Aol g}

o 7t

o g e AAY FFY Ao & o] aokdE 5 QU

L 3ol ogteo] ojA g & J|Eozn #Hee] ad =FHE& Farn
ol g R sE& A ¥
o]F719 AJEES FVHALT EolX 627 |77t AHEEW 3029 WHE
=
o] AFFRUel FH Tt
4. 9] B Aol HG@d A, of 1/4Y Tk BRI &F 10AE gt & o

30 ha®] =olA #eleh o] E & £ lojok gt
5. AdHE o 40%HE AL F Ae A

w o

3" 7 W A3 8 EFH HER(AF40-45cm, FA;13kg)



2) 1tk =¥ $dXNER

Hedlel =l A (ramlines)® Weh §Holn e B o] W wME Ay
AEHE A2 ARGl ALHAR Ak o] A2e A2US W BHY x
R ol FeoM £8AAY BE AN xFHE BN E AL B2

o7 dx Q.

AGAPE L 19749 oG9 BFY yEol zide g1 @z
o]l AgEe Yout w52y Qaue Hze ol A wE
gatA] Xata Yo

Ax o3k 2 5y
kgt A7k x] =

Azs EFHY & A7 AP F AEE fARE A 3HL A g
#e B2E 2@k o] BEE dd =oA Boi7] © Ewrst N%3E) o) Foja
FAEE ¢S EH9 AL & Utk ALl AL AFHOR 10 mE 549
oo AlH 9 AR E R BE B AL o] AEE Eid yildxm ¢
th(1¥ 8).

3" 8 HEE ol &% AxA 2¥xzg)



of A2 AFAMEANME BF ALH NedFol L Wk 1 F Ho] v
BlE 2 9ol 6~10 kg/l0ad] TUEZE FAh & izl ¥ FHA 2~3F F4
T otso] 2~3 /i9 d& UMY BEIF @ oW REH £7]9 £F F0Y ¢ YEES
ASdE wet Y o o] €8 dun A&5HY vEgE £ BYHA SuRRPe
gtz g d&3 22 FHol sl

O AdH] v &9 Fa

@ x=FH &9 #L

Q@ ke B Aufo] AAHY

@ Hzel Adez s87]9 A%

199439 49 ZAHE 2W F 8oA Ee uist Zo] 4GP FE =5 A
Abvlel e & & AU Wi FEFS J3 AH R oi 2o

B 8 19949k M2 Hoyd o3 A

T8 AMZE Ay g FJe
1. =522 48 hrs/10a 376 hrs/10a
2. R 540 kg/10a 543 kg/10a
3. A& 8,920 Yen/60kg 14,582 Yen/60kg

3) M ZH sENEF

T5 Ay 2 AxAYS B 58S W o 7R i L Ay
o] Hzol FhoA7t Hu ot FEAAE 3ty EYH REE=29 ZgEE F
58 ¥ AZE Wil AUHI Ut o] EFEL EY, AHNES SuA HEE
2+z} 1, 0.14%F 0.0038] ®]&E Eo WFdo PHEG. HAF FAE 3 cmolyold,
STEHE =582 329 st 40A el th(2Y 9).




4 R R ME FY FINDR

AANA Y HERelAE Ax 34 L FAFAES A Aol B2 Fut o)
S Fadd, olg AW BE TRWT 1 BWol of RelA LD Ytk o] Wy
o HORME B¥7 44 E3E F Aok oItk

E%”‘Ei}xﬂ(methyl cellulose high polymer’t FA4£)8 AIWNMEE RE 4 AYE

23 ®ejer et AP S il 4 1 mEolZ 100 me £ d=d Ze
£ AZbe 2541 ZHman-hour)@ Zelt}, o] FHel 713 EadE X9 60%Y L
=3
BAALA] oA X P F£HAAL Y3 e FAY HFE LS o] ¥F
< w H2EZ ZAn o] AL o8 oF 30%AE :=FANE AR £ Ue
Reg #HyEHATH(E 10).
Liquid pesticide tank Air blowing pipe

(Size: L=2250, W=900, H=1450 mm, Weight: 510 kg,
Reach distance of pesticide: 15m,
Spraying rate: 25 I/min.)

¥ 10 $F4 2% wAR



5) AZ7N B LA FHAS

27BN E Wb 214718 kel e e A7t 999 was
.

1. 24883} 714 Al=4
2. vlolH A FHE 71A R Ay
3. npoje 2ol A 2 HHS 93 Wy 74
4. 2EFF FAE] Fguy
5 Fd71AI9 B3 HuAAH
6. A3 AA FANE Axd
5. 48

fold Med d%e A2 Z3d vde 57143 2 ¥d d75L g 2
o] ojAgrh

FAEY B AF7 HH o FFE Aelxn, AR e Fo) Fy=
ojltt, 1 A=A I'-*éw A, dHY 2 HTAHE Z2E e *l*‘%:l°l 7HEH of

AMEgste] Y2 FHIIAAAY A "HeHolnh a1 olREAM 7 w9 A 9
ATl HE 8FE FFAA Folof W ojyzt FYMAAHgA EHH &S
o] &l 71dsof 317 WEoltt dE Eof, A wAule 7 ASE oln YL
I &3 g, olAx FA BHI e Aol EAdn Yo AR ES A3
A7l 8471 Hu ok FEBHAYY doM BoxKol 9o FASS E dF
TR g o F3F A2 bottlenecke] ¥<elo] Hr}

Y SIS B8 A9 AR AnE Aol ok Al s A
agdolm BYF s Aclolol BT EH JAS ALY W SAEN 159 83
nelsrs Ao] Wasith e S48 189 40 ABHoIAY AAHA HA30)
HHeE A% Wl e A7 "aso

08 ZEdME $FRES] eSS BT F Aok A7 A AndFe) 2
2= A& A(sustainability)el FHE T3 glthn Wet) o A& e 84, A
A2, oz L HAY FYHQA ALLo] st dojA F Utk A7)|M FiAES A
AE dod FE g



7t ARG 4F o

38 ATFEIh HPgel $Fo Aste M s)ie T
e & QA Aol MAHCR REF&A sW AEFe Byold AAA frh
AME wws] AAHL ol FE FHEY 4]

weba FAE ) Aate] Fhy bl
@HAY FojgoldE Hch
Jxde) g AzEA 4% drdol & WE dus
FAelgn ¥ & Ak olefw AHE ANs S 5
SA7IAY Akl HFHoR FEaor & Holh

adrz HA 4714
o] E3] olr]o} ZroAME=
A7ALE 712 R $§ ASe



