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Summary

Research on the Development of Grafting Robot
for
Cucurbitaceous Vegetables

Masato SUZUKI, Ken KOBAYASHI, Akihiko ONODA,
Koji INOOKU, Kyoshiro MIURA, Kozo HIRATA

The objective of this research is to develop a labour saving system which
enables mass production of grafted cucurbitaceous seedlings. During the research the
following activities were performed:

(1) Investigation on the present situation of grafted plants production

(2) Development of fundamental techniques required for mechanical
grafting

(3) Examination of the feasibility of mechanical grafting using a prototype

(4) Sequential grafting using an experimental model

(5) Investigation on the grafting practices using a demonstration model in
cooperative and commercial production of grafted seedlings

1. Present Situation of Grafted Plants Production

In addition to the prevailing labour shortage in Japanese agriculture in general
due to the increase of senior farmers and the lack of younger successors, vegetable
growers have to face to another labour shortage caused from the labour co petition
between raising seedlings and growing/harvesting operations. This tends now to cause
growers increasingly to be interested in purchasing seedlings, grafted or not grafted,
to concentrate their effort to cultivating operations, and thus the social background is
getting much more promising for the nursery industry.

To avoid injury by continuous cropping of fruit vegetables, adoption of grafted
seedlings is one of the most effective practices. Grafted seedlings are adopted in
approximately 60% of current acreage under cultivation of fruit vegetables which
comprise cucumbers, watermelons, melons, tomatoes and eggplants, where all grafting
procedures are performed manually. Individual growers cooperate with each other in
their neighborhood to graft seedlings, while nursery companies employ 40 ~ 50
part-time workers for this work. Because grafting operations require delicate
skillfulness, private growers have to get experienced suffering mental fatigue and
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eyestrain, while nursury companies are forced to worry about securing skilled

employees.

2. Development of Fundamental Techniques for Mechanical Grafting

Initiatory conceptions of basic technical elements for mechanical grafting were
examined in advance of designing experimental equipment. In this stage, the authers
used cucumber seedlings for scions and pumpkin seedlings for stocks.

At first, various existing grafting methods were compared from the viewpoint of
mechanical grafting in the syntax of several items such as: easiness of work, number
of working processes, how mechanically treated scion and stock can be fixed together
for grafting and rate of their successful adhesion after curing ('adhesion’ hereafter) .
After a series of examinations, the authers concluded that 'Cutting-a-Cotylidon-off
method' is most suitable for mechanical grafting, in which a) one of the cotyledons
and the growing point of the stock are cut off, b) the root of the scion is cut off at the
middle of its hypocotyl and c) the scion and stock are fixed and together.

In this method, precise locating of cutting is required, and hence some standard
point of seedling has to be chosen. It was observed that the joint point of cotyledons
to the hypocotyl is least influenced by the shape of seedlings.

As for cutting knives, blades for safety razor were adopted to secure clear cut
section of seedlings.

Taking in account that the fed seedlings are to be gripped by mechanical
fingers driven pneumatically, the upper limit of the gripping force was investigated.
Hypocotyls of cucumber and pumpkin seedlings were machanically compressed till
the deformation of the diameter of hypocotyls reached to 30~70% of original
diameter, and then these seedlings were carefully grown. Thus it was observed that
compression of hypocotyls up to 30% gave no damages to hypocotyls nor any
unfavorable effects on the growth of seedlings, and further, it was judjed reasonable
that, if urethane foam rubber is sticked to the inner face of fingers, it will alleviate
disadvantages which might occur due to fluctuations of seedlings diameter or of
pneumatic pressure.

In manual grafting, grafting clips are used to fix scions to stocks. A certain
kinds of alternative fixing methods including those by glue or various adhesive tapes
were examined, but conventional grafting clips were found appropriate from the view

point of work rate and adhesion of grafted plants.

3. Examination of the Feasibility of Mechanical Grafting using a Prototype
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A prototype of grafting machine was manufactured which embodies the
findings on fundamental techniques above cited.

Slitted plates were prepared as hangers: scion and stock seedlings are hung to
the respective hanger, thus the upper edges of the slits bear the seedlings at the joint
point of cotyledons and hypocotyl of seedlings which stand for the standard point for
cutting. When the machine starts, the hung seedlings are gripped by respective hands
and transferred to the cutting mechanisms; the cutters in turn starts, cuts and stops;
then the cut seedlings are transferred to the due position so as the cut section of scion
and stock faces each other correctly (positioning) ; a grafting clip is brought to the
grafting point and pinches the scion and stock to combine them together (clipping) ;
the clipped seedling is discharged from the machine. From the beginning of gripping
till the end of these stages, the hands keep to pinch seedlings, thus minimizing the
influence of the variance of shape of seedlings due to growing conditions.

The time required to perform a single sequence of these sequence-controled
stages was 7 seconds. The cutting performance of stocks (i.e., the rate of successful
cutting of cotyledon and growing point at once) varied from 10 to 80% due to the
variation in the angle between petioles. Clipping failed when transferred clips come
into contact with petioles. Thus the rate of successful operations was as low as 83%

. at the stage of positioning, 65% at the clipping stage (mechanical success), and 60%

after curing (adhesion or physiological success) .

Though improvements to highten the accuracy of the cutting action of stocks
and the way of clipping were seen necessary, the technical elements embodied in the
prototype positively demonstrated the feasibility of development of grafting machine.

4. Sequential Grafting by an Experimental Model

An experimental model was manufactured in which a certain number of
additional new technical elements were embodied besides those verified with the
prototype. This model was designed to graft 20 couples of scion and stock
sequentially in a single run.

A cutting mechanism of rotating arm type was adopted with which very smooth
and neat cutting was secured. But in some cases, stocks moved a little away from
the due position on the hanger while the circular plate with 20 hangers on its
circumference rotated to bring stocks to the gripping mechanism, which resulted in a
poor rate of successful cutting as low as 50%. The rest of the technical elements
worked well as expected.

In a single run of the model, it could produce 20 grafted plants in
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approximately one minute, thus the rate of work was about 10 times of that by
manual grafting. The work quality was almost the same as manual grafting, i.e. 98%,
95% and 87% for successful positioning, clipping and adhesion respectively.

The influence of mechanical grafting on yields and quality of cucumber was
investigated in comparison to manually grafted seedlings, and no significant
differences were recognized. In growing practices of grafted plants, no problem
was found too.

Grafting by the model was examined also for melon and watermelon. As for
melon, successful positioning rate was 95%, successful clipping 95% and successful
adhesion 78%. For watermelon, these ciphers were 90%, 78% and 78% respectively.

Thus the model was thought applicable also for these crops.

5. Practicability of a Demonstration Model

Based on the techniques developed through the prototype and experimental
model, a demonstration model was manufactured, in which two major technical
advancements were incorporated; continuous feeding of seedlings to the model was
made possible, though manually, and grafting clipps had only to be thrown into the
parts feeder unit of the model, which means preliminary allignment of clips was made
needless and clips were fed automatically to the clipping unit.

The experimental model was offered for a series of practicability tests carried
out in the Horticulture Experiment Stations in Saitama and Iwate Prefectures, where
8sets of grafting tests were conducted producing more than 7,000 grafted seedlings.

For a smooth group work five workers were needed; two for feeding of
seedlings to the machine, one for supplying seedlings to the feeding workers and
removing the grafted seedlings off the machine to deliver them to the last two
workers who plant them in growing pots.

The rate of work for cucumber was 11~14 seedlings per minuite. As for the
work quality of the model, positioning rate was over 90%, and among them less than
5% failed in subsequent clipping and adhesion stages.

The successful cutting rate. was more than 95%. This was achieved through
improvements newly added: immediately after seedlings were hung on the hanger,
they were gripped and transferred to the cutting device, and while cutting, petioles
were supported. V

Through these tests, the practicability of the model could be affirmed.

6. Development and Provision of Grafting Robot
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The technologies developed through this research were transferred to an
agricultural machinery manufacturing company, and in October 1993, the company
began to put grafting machine on market under the name of Grafting Robot. The
specifications of the Robot are: overall length 2,100mm, overall width 1,340mm,
overall height 1,025mm and mass 215kg. It is powered by electricity, and working
elements are operated directly electrically or by compressed air generated by an
electrically driven air compressor.

The authers investigated the conditions of practical use of Grafting Robots at
two nursery enterprizes.

A nursery company in Chiba Prefecture adopted a Grafting Robot and produced
more than 200,000 grafted seedlings from the end of March to the end of April of the
surveyed year. The seedlings were shipped by their own brand and by OEM.
Clogging of clipps in the parts feeder unit was picked up as a problem to be
improved.

A nursery cooperative in Kyoto Prefecture purchased two Robots, and the
members of the cooperative used the Robots by themselves by turns. The total
number of grafted cucumber seedlings produced in February and March of the same
year amounted as many as 300,000.

Both the company and cooperative installed the Robot in their proprietary vinyl
houses. The former employed inexperienced male student part-time workers while
the latter employed female part-time workers. Both of the owners expressed their
satisfaction at the efficiency of the Robot.

Widespread adoption of grafting machines has a potential to- make grafting so
timely and labour saving that growers could supply fresh fruit vegetables stably and
abundantly to consumers without bothered by the difficulties due to labour shortage.
Moreover, nursery companies expect to expand their business scale through

mechanical grafting of high value crops.
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