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SUMMARY

1. TITLE
Development of a grafting robot for factory-processed seedlings of

fruit vegetables

II. OBJECTIVES and CONSEQUENCE

Demand of grafted seedlings in the domestic fruit-vegetable
farm market has reached up to 400-500 millions per year. Using
conventional handwork, a skillful worker could probably produce
only 800-1000 seedlings a day. Hiring many skilled-labors to
supply grafted seedlings in the processing factory seems to be
difficult because of the recent rural crisis. Therefore, an automatic
grafting machine, affordable and laborsaving, was necessary to be
developed.

Therefore, the objectives of the three year, which is out of three
vears project developing automated robot for mass-production of
grafted seedlings, are as following:

(1) Development of a mechanical grafting mechanism, suitable for a
grafting robot,

(2) Development of a continuous grafting robot system for a
one-row plug seedlings.

(3) Development of cultivation techniques of proper scion and

root-stock for the grafting robot system.



III. RESEARCH CONTENTS AND SCOPE

1. Development of a mechanical grafting mechanism for a grafting
robot

a. Determination of fundamental specifications for the design of
grafting robot

b. Selecting a grafting method for mechanical grafting

c. Development of grafting mechanism for the selected method

2. Design of an automated processing equipment of scion and stock
3. Fabrication of a continuous grafting robot system and prototype
for a one-row plug seedlings

4. Development of cultivation techniques of suitable scion and stock

for the grafting robot

IV. RESULTS

This research pursued to develop an insertion type grafting
machine, being able to graft even cucurbitaceous vegetables of
which Japanese technology has not achieved the automation,
without any bonding piece. Results of three years research on the
development of the automatic grafting robot were summarized as

follows:

1. Development of a mechanical grafting mechanism, suitable for a

grafting robot



A. A mechanical grafting mechanism was developed by
fabricating and testing a prototype machine. Two types of insertion
grafting methods, suitable for the grafting robot were selected in

order to avoid Japanese patented technology.

B. The first method was inserting a scion, diagonally cut off the
hypocotyl into a picked hole on the root-stock, picked off the
hypocotyl While remaining two cotyledons. The second method was
inserting a wedge cut scion into a picked hole of root-stock, cut
off the hypocotyl and a cotyledon. Feasibility was confirmed with
95% of the success‘ rate of mechanical bonding by testing the

prototypes of the two methods.

2. Development of a continuous grafting robot system for a

one-row plug seedlings

A. A cultivating tray, overlaid on a standard tray commonly
used in the processed seedling factory and large-scale seedling
facilities, was developed to be able to split a row-tray apart from
it. Grown scions aﬁd root-stocks in the row trays were directly fed

to the feeding rail and then grafting processes continued.

B. When a root-stock was fed at the right position, the root of

stock was cut and the direction of cotyledon was lined up by the



feeding rod through the guide frame. Afterward, the following
processes, (1) gripping root-stock, (2)cutting a root-stock,
(3)picking an insert. hole on the stock, (4)inserting the processed
scion, and (5)potting in an empty tray, were continuously conducted
at the each processing position while a turntable with eight stock

grippers was sequentially rotating 1/8 turn.

C. The time required per a seedling was 4 seconds and the
productivity was 8-10 folds greater than that of skillful handwork.
The success rate of mechanical = was over 95% and the recover

rate was found over 95% if an acclimation facility was used.

D. Functions and performances of the developed grafting robot at

the graft-processing steps were as follows:

(1) Seedling feeder: Row-trays of scion and stock, overlaid on
the standard seedling tray were fed in a row. A cell -was
right-positioned by a. one-cell feeder. The positioning accuracy of

the feeder was lmm and no failure was found.

(2) Root-stock cutter and arranging device: When the guide
frame of the root-stock approaches, a lower part of the hypocotyl
was cut using a blade. While a root-stock was conveyed to the

stock gripper of the turntable along the guide frame by a feeding

-10_



cylinder, the direction of cotyledon was paralleled to the gripper. No
failure for the cutting root and the success rate of 99% for the

arranging cotyledon were found.

(3) Root-stock gripper: A root-stock was held around 10mm
lower location from the base .of cotyledon by the height adjusting
guide plate, located at the end of the guide frame. Damage on the

stock could occur for extremely thick stock.

(4) One-cotyledon cutter: The root-stock, held around 10mm
lower location from the cotyledon base, was adjusted to a
consistent position at 5Smm from the cotyledon base by pressing the
cotyledons. The adjusting accuracy was possible up to 0.5mm by
the cotyledon press. A cotyledon and a growing point were

removed using a cutting blade at the moment of adjusting.

(5) Root-stock pick: The inserting hole on the stock was picked
with a proper angle at the cut section, left after removing a

cotyledon and a growing point.

(6) Scion gripper and cutter: A scion was led to the center of
the scion gripper by the scion guide and was wedged by the blade
developed from this study.

(7) Bonding devise: The wedged scion was inserted and bonded

_.11_



using a rotating cylinder at the same angle of the stock pick.

(8) Power and control units: The processes were operated with
a pneumatic system and controlled by a rotating cam type

sequence control system driven by the same axle.

3. Development of cultivating techniques of scion and root-stock,
suitable for the grafting robot system

A. Grafting tests using three scion and stock cultivation methods
of uniform germination, greening bud and matured stock which
were suitable for the grafting robot system, revealed high

recovering rate.

B. From the seeding pose and position tests, affecting the
grafting success rate, an upright seeding at the center of tray cell

was recommended for a sprout to germinate at the center of cell

C. Grafting tests using the prototype robot showed no problems
of stuck and split trays by sowing and seedling squash and gourd
seeds on five 10-cell row-trays overlaid on a 50-cell standard tray.
However, sowing large seeds such as squash and gourd seeds
cannot be done by presently existing automatic sowing system so

that a sowing system should be developed.

_12_
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