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Summary
Development of Chinese cabbage harvester

Mikio KANAMITSU and Kenji YAMAMOTO

In the agriculture in Japan, in recent years, it is worried that the rise of average age of farmers and
insufficient labor result in the decline of the supply of the vegetables. This study focused on Chinese
cabbage which has a current of decrease in planting area but still cultivated as the 4th from the best
among vegetables in order to develop an efficient harvester for the Chinese cabbage.

The harvest quantity per unit area of the Chinese cabbage is increasing, however, its planting area is
decreasing gradually. Chinese cabbage presently harvested entirely by hand. The rate of harvesting by
hand is 36-42 man-hour/10a and requires a lot of labor.

Under the condition that Chinese cabbages are planted in one row for one ridge and once-over harvest,
the authors have designed and developed a harvester for the purpose of reducing labor of cutting the heads

and carrying the heads out of field.

Phystcal Properties of Chinese Cabbage

In order to get basic data for developing harvesting mechanism, we measured the physical properties and
pulling force of 8 varieties of Chinese cabbages. The indent of the bottom of head depends on the
harvesting time and the variety and varies from 9 to 27 mm. The standard deviation of a variety is from 2
to 5 mm. We obtained a prospect that it is possible to cut appropriately at the constant position based on
the bottom of head when cutting wrapper leaves and the leaf stem. Moreover, since the bottom of the
Chinese cabbage is close to the ground, in order to harvest by the machine, it is reasonable to adopt a
method to pull up the Chinese cabbage first, to hold the wrapper leaves from the side and to cut the
wrapper leaves and the leaf stem while conveying. Moreover, at a field with Kuroboku soil(volcanogenous
soil), the pulling force is small with am average of 110 N, however, at a field with Gray low land soil,
it is big with an average of 250 N. Therefore, we thought that it was necessary to make the ground soft

when pick up the Chinese cabbage by the machine.

Pick Up and Conveyor Mechanism

As a result of examining about the picking up mechanism and the cuttig mechanism, the conveyance of
Chinese cabbage can be done with a holding belt without damaging and Chinese cabbage can be removed by
combining screw auger under the holding belt. Moreover, in order to cut wrapper leaves and the leaf stem
part, a method of using the disk-cutter with peripheral speed of 6 m/s is suitable. By providing it
between the screw auger and the holding belt, it was possible to cut and remove wrapper leaves and leaf

stem of Chinese cabbage at a constant position using the top of the screw auger as the reference plane.
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Walking-type Harvester

Based on above results, we experimentally developed a walking type harvester which pick up Chinese

cabbages with the screw auger and the holding belt, conveys them, cuts and removes wrapper leaves and the
leaf stem with the disk-cutter, and head parts in line with the wrapper leaves and the leaf stem part at
the field. The experimental machine could harvest continuously at a work speed of 0.17-0.28 m/s, however,
caused damage in picking up and couveyance, its cutting position with the disk-cutter wasn’ t appropriate

and sometimes cut the head parts.

Tractor Attached Type Harvester

Next, to improve the cutting efficiency, we experimentally developed a haf&ester to be mounted directly
onto tractor consisting of a biaxial screw auger, a holding belt, a disk-cutter, an elevator, a carrier in
order to add transport ability of carrying the heads out of field. This harvester can continuously do the
procedure from picking up a Chinese cabbage at work speed of 0.2 m/s and cutting wrapper leaves and the
leaf stem while conveying, until conveying the head to the carrier. Moreover, it could load about 100
Chinese cabbages on the carrier and carry them out of field. Incidentally, during work, an assistance
operator rode on the carrier and transfer from the elevator to the carrier. The diagonal cut rate
decreased when the conveyance velocity ratio of screw auger to the holding belt of harvester was set to
1.13. Ve tested 3 different varieties of the head with different mass, and investigated the influence to
exert on the cutting accuracy of screw auger pitch. As a result, we found that there was no constant
tendency, depending on the variety, and the pulling force is small and the head leaf loss rate of
“Kinshu” which had moderate mass was equal to or less than 10%, which was the best result. The required
power for harvest work when controlling a hydraulic flow rate with the bleed off circuit and the meter in
circuit was 0.4-1.5kW, 1.5-1.8kW respectively. The change of flow rate of hydraulic circuit and pressure

during work is smaller in the meter in circuit and its harvest work accuracy was better.

Height Controller

In order to improve the accuracy of harvester to be mounted directly on the tractor, we experimentally
developed a height control system with on/off control which sets a relative position from the surface of
the ridge in the harvesting apparatus appropriately. Repling of height control system when detection shoe
passes 60 mm difference in level of moving soil bin showed stable operation by preparing a dead band which
is equivalent to 10 mm of the movement quantity of the harvesting apparatus tip, even though the

operation was late by 0.2-0.5 s.

Field Tests and Results

Tractor attached type harvester was tested in field of farmers in Tatebayashi city and Ora district,
Gunma prefecture. It was easy to set the height with the automatic control system. The control systenm
operated well when we tested the variety of “Ryutoku” whose wrapper leaves were bound. When we tested the
variety of “Hokuyo”, the wrapper leaves are sometimes caught by the detection shoe. We operated automatic
coutrol to set the height and stopped the automatic control during harvest work. In both éases, there was

no losses and it was possible to ship to the market all heads with retrimming. The work speed was about
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2.5 s/head. However, since it took time to-carry heads out of the field and transfer to tracks and

retrimming, field work efficiency was low at 41%. The work time for couple of people to cut out the heads,

carry out to outside field and transfer to track is 4.9 h/10a, and retrimming by hand is 20.4 man-—
hours/10a, and the total harvesting work rate is about 30 man-hours/10a. It was as efficient as the

conventional work.

Tech., Rep. Inst. of Agric. Dec. 28:1-51 (1994)
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Summary

Studies on the Mechanization of Citrus Growing (Part 1)
—Development of Multipurpose Vehicle for Hillside Orchard

and its Implements

Tsukasa NAGAKI, Mikio OGAWA, You NISHIMURA
Koichi TOSAKI, Sumihiko MIYAHARA, Hideo FUKAZAWA, Michio KAJIYAMA

Most citrus orcahrd in Japan is located on steep hillside and their planting density is very high, and
the mechanization of citrus growing is behind the other fruits.

Some studies on mechanization of citrus growing have been carried out in the IAM since 1989. The
studies described in this paper are on the development of the multipurpose vehicle for hillside orchard,
and some implements attached to the vehicle to mechanize the pest control and soil management in citrus
orchard.

During the period from 1989 through 1991, four types of vehicles (Fig.1-Fig.4) were developed and
tested. After repeated tests on the Type COT-10, 11, and 12, the Type COT-13 was designed. The outline of
the multipurpose vehicle for hillside orchard, Type COT-13, is as follows. (Fig.4)

This track-type vehicle has wide bottom to keep stability on steep hillside, and the width of the body
above tracks is relatively narrow to travel small space between trees. The vehicle is driven by 5. 9kw air
cooled gasolone, engine and has an infinite variable-speed drive to control traveling speed easily. The
vehicle equips plunger pump for spraying, and hydraulic pumps to drive or control the implements.

“ Some implements for the multipurpose vehicle were also developed. The sprayers for pest control, shown
in Fig.6 and Fig.7, are characterized by airless apraying and twirling nozzle pipes.Other developed
implements are a rotary cutter for weed control (Fig.8), three types of tillage equipments (Fig.9, 12, 13)
and a'smakl back-hoe for soil management (Fig.12).

Field test on the multipurpose vehicle and its implements were carried out in citrus orchards, and the
results were as follows:

1) The shape of the Type COT-13, wide-bottom and narrow-top, was found suitable for the Japanese citrus
orchards which are located on hillside and planted in high density.

2) For the safe and easy operation of the vehicle, and the quick turning at the headland, the maximum
field slope was considered to be 20 degrees.

3) Although the citrus sprayer was small in size and its power requirement was very low, the deposit
ratio to citrus trees was almost the same as an air blast sprayer. So the sprayer equipped with twirling
nozzle pipes could be adopted for practical use in citrus orchards.

4) The cultivator and deep tiller using coil screws (Fig.12, Fig.13) were the most suitable to loosen a
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hard soil in citrus orchard compafed with the soil tillage equipments which were developed in this study.

5) Breaking of soil and deep application of organic matter under the tree crown by using the coil screw

helped to increase new active roots.
Tech. Rep. Inst. of Agric. Dec. 28:52-66(1994)
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Summary

Study on the Adaptability of Transplanter
for Rice Infant Seedlings

Kohnosuke TSUGA, Tatsuya KONISHI, Tomohiko ICHIKAWA, Mitsuhiro HORIO
Seiichi YOSHIDA, Tetsuroh CHIBA,  Shoji KAKINUMA

The period of raising rice infant seedlings is about a week and infant seedlings keep endosperm with
seeds itself. Therefore infant mat seedlings have many advantages through the shorter period of raising
seedlings. In this paper, the adaptability of transplanter for rice infant seedlings, and the relation
between seedling properties and planting accuracy on field by riding type high performance rice-
transplanter were reported.

A rock wool mold mat was used as a bed soil for infant seedlings, and the physical properties of mat
seedlings were evaluated by plant height, leaf stage and root swelling. The root swelling was measured by
the equipment that can record the force needed to split the seedlings and the distance between the two
points on the split section. The following results were obtained. Ordinary transplanting mechanism could
not keep accuracy in transplanting low root swelling mat seedlings. For instance, bucking seedlings
occurred on seedling pan, and the catching and the folding of hill by planting finger were insufficient
and caused missing, buried and floating hills. The improved planting mechanism for infant seedling s could
keep accuracy to transplant low root swelling mat seedlings. On the whole, for the transplanting of
infant seedlings by the normal transplanting mechanism, plant height was required to be more than 6 cm or
so, and higher root swelling was considered to be required for shorter seedlings.

Tech. Rep. Inst. of Agric. Dec. 28:67-79(1994)
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