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Abstract. Vegetable grafting is most common in European and Asian countries where crop rotation is no longer an option
and available land is under intense use. Grafting is an alternative approach to reduce crop damage resulting from soilborne
pathogens and increase plant abiotic stress tolerance, which increases crop production. We discuss and outline four grafting
methods that are available for vegetable production in cucurbits: tongue approach grafting, hole insertion grafting, one

cotyledon grafting, and side grafting.

The initial grafting method used for
melon was cleft grafting (Ishibashi, 1959),
but after the introduction of the tongue
approach grafting method, its use diminished
greatly. The tongue approach method became
widespread in Asia because of its higher
success rate and the uniform growth of
grafted seedlings. In Italy, the most common
have been the approach and cleft methods
(Bianco, 1990; Buzi et al., 2002; Morra,
1997), but currently the one cotyledon
method and the hole insertion method are
used (Amadio, 2004). In Spain, a high pro-
portion (more than 90%) of watermelon
plants are grafted using the one cotyledon
method (Miguel and Maroto, 2000). In
France, both the side insertion and the tongue
approach have been used in cucurbits
(Brajeul and Letard, 1998). Top insertion
grafting is the most popular method used in
China, because it is suitable for Lagenaria
and interspecific squash as rootstocks
and requires few materials, has a high effi-
ciency, 1500+ plants/day/worker, and sim-
pler management requirements (Lee and
Oda, 2003).

GRAFTING TECHNIQUES

There are two techniques used in grafting,
manual and machine (robotic grafting). In
manual grafting, the grafting and postgrafting
operations require three to four people, each
assigned to a specific step in the process (Lee
and Oda, 2003). Cucurbits are usually grafted
once the first true leaf appears but before it
reaches full development both in the root-
stock and scion seedlings. To reach this stage
for both the scion and the rootstock, planting
dates will vary depending on the rootstock
and scion chosen, greenhouse temperatures,
and seed germination criteria. Different graft-
ing approaches have been adapted depending
on scion and rootstock purpose, grafting
technique, grower experience, and postgraft-
ing management condition. The tongue
approach, hole insertion, and one cotyledon
grafting are the currently preferred methods.
Modifications to these methods have been
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done by growers adapting to their particular
operation. The tongue approach technique,
which has a high survivor rate in general, is
chosen by nonexperienced farmers who are
looking into grafting for the first time and
have plenty of space and adequate labor. One
cotyledon and hole insertion grafts require
specialized tools and a healing chamber for a
high survivor rate and require time to learn. In
addition, the graft junction needs to be above-
ground during grafting and healing to avoid
the direct contact between the scion and soil
because adventitious root are easily stimu-
lated, which will defeat the purpose of the
graft.

In automatic (machine-driven) grafting,
the requirements for the growth of the root-
stock and scion are just as critical as in
manual grafting. Uniformity in both germi-
nation and growth of the rootstock and scion
are more critical for the robotic-driven
machines. Machine grafting is done using a
simple machine or a grafting robot, which is
expensive. New machines are currently being
developed in Japan and Korea that are much
more forgiving and require less labor to
operate. The grafting method generally used
by these machines is the one cotyledon graft.
It is well adapted for machine operation and
has a high rate of success. However, there are
constant adjustments being made to the
machine at the cutting arm to adjust for the
variation in hypocotyl thickness or lack
thereof. Removal of one of the cotyledons
from the hypocotyl at just the right depth and
angle is critical for the take of the graft and
also for preventing shoot development from
the rootstock. The first semiautomatic graft-
ing system for cucumber was commercial-
ized in 1993 and numerous others have been
developed since then. A simple grafting
machine can produce 600 grafts per hour
with two operators as compared with manual
grafting making ~1000 grafts per person
per day (Lee and Oda, 2003; Masanao and
Hisaya, 1996; Suzuki et al., 1998). In Spain,
the automated methods represent less than
the 5% of the total cucurbits but may be as
high as 10% in Japan and China. At present,
40% of watermelon grafting in Japan is
done by the automated method (Lee and
Oda, 2003; Masanao and Hisaya, 1996; Suzuki
et al., 1998).

MATERIAL AND GRAFTING
METHODS

Quality seed and proper plant growth
procedures of both rootstocks and scion
material are critical for grafting to be success-
ful. High-quality seed with a uniform germi-
nation is a must. If primed seed is available,
take advantage of it. This seed germinates
sooner and with greater uniformity. If seed-
less watermelon seed is used as the scion
material, use the methods for uniform seed
germination described by Hassell and Schul-
thesis (2002). Rootstock seed is generally
sown 5 to 7 d before scion seed regardless if
they are grown in cell trays or germination
beds. The cotyledon of rootstocks should be
fully expanded when the scion emerges,
keeping the scion at low relative humidity
before grafting can minimize pathogen dis-
eases. Watermelon scion are harvested (1 or
2 d) after they emerge, rinsed with clean
water, and then treated with fungicides or
disinfectant, e.g., Physan 20 or peroxyacetic
acid/hydrogen peroxide, to minimize the micro-
organism damage to the graft. The rootstock
should have good tolerance to abiotic stress,
resistance to soilborne diseases, and not
negatively affect fruit quality. The compati-
bility between rootstock and scion should be
high and stable. In general, grafting compat-
ibility is related to taxonomic affinity. For
example, luffa and melon have higher com-
patibility with nettle melon compared with
chinese pumpkin and wax gourd (Wei et al.,
2006). Grafting incompatibility can occur at
an early stage because vascular connection
cannot form properly after grafting. Grafting
incompatibility can also be delayed until
fruiting stage when massive amounts of
nutrition and water are needed. Grafted plants
then decline early and successful harvesting
is impossible. There is a positive correlation
between the vigor of grafted watermelon
and the similarity of protective isozymes,
e.g., peroxidase and superoxide dismutase,
between grafted and regular seedlings
(Zhang et al., 2006). The age of the rootstock
and scion also plays an important role in
compatibility. Optimal seedling age varies
for species and different grafting methods. If
seedlings are too young, they are too tender to
handle during the grafting process and if they

1677

$S9008 981] BIA 0£-80-GZ0Z 18 /woo Alojoeignd-poid-swd-yewlsiem-jpd-swiid//:sdny wol) papeojumoq



are too old, it can cause unwanted meriste-
matic growth on the rootstock.

Once grafting has taken place and the
necessary procedures followed, the proper
healing chamber is critical to ensure that
complete union has formed. With the case
of the tongue approach grafting, this means
only an adequate greenhouse with temper-
atures controls. However, for the other three
methods described, a special healing chamber
with light, humidity, and temperature controls
are required. Some nurseries, producing
grafted plants, have chambers (growth cham-
bers or healing chambers) to maintain temper-
ature above 20 °C to ~25 °C with relative
humidity (RH) controls maintained between
85% and 100% (Miguel, 1997). Other nurseries
acclimate in small plastic tunnels (healing
chamber) inside the greenhouses where it is
possible to maintain a high RH (above 85%).
Shading is often required during summer
months when using a healing chamber. After
6 to 8 d, grafted plants are acclimated to
the natural conditions of the greenhouse by
slowly dropping the humidity and increasing
light. The best conditions for grafting are:
temperatures of ~22 to 28 °C, RH close to
100%, and very low light intensity for the first
5 to 7 d (Miguel, 1997). Humidifiers can be
purchased; however, remember that too much
free water can lead to disease pressure and loss
of graft union. A fog or mist system is the
preferred method.

Listed subsequently are the current meth-
ods and figures of each being tested for
grafting watermelon transplants. In all the
methods described subsequently, the scion
seed should be sown at different intervals
from the rootstock seed depending on green-
house conditions, germination temperatures,
and rootstock seed chosen. As a general rule,
the rootstock seed germinates quicker that the
scion seed. This procedure is followed to
ensure that the physiological development of
the scion and rootstock is as close to the same
as possible.

Tongue approach grafting. Cell size for
growing the transplants for both the scion
and rootstock is 2.5 cm square and 5 cm
deep. After rootstock has fully developed
cotyledons and scion has cotyledon and first
true leaf, plants are pulled out from the
tray and laid on a table (Note: 1 d before
doing the grafting, trays should be watered
heavily.). Do an angle (35° to 45° angle)
cut into the hypocotyl of rootstock approxi-
mately halfway with a razor blade and make
an oppositely angled cut on the hypocotyl
of the scion (Fig. 1A). These cuts need to
be made so that the scion will be on top of
the rootstock when completed (Fig. 1C).
Two cut hypocotyls are placed together, then
sealed with aluminum foil to help healing and
prevent the graft from drying out (Fig. 1D).
The two plants are then transplanted into a
bigger cell that will accommodate the two
root balls (5 cm square X 7.5 cm deep).
Trays are then watered heavily until soil is
completely wet. Trays should then be
moved into a greenhouse (Note: After trays
have been placed in the greenhouse,
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water only as needed.). The top of the root-
stock is cut off 5 d after grafting (Fig. 1D),
and the bottom of the scion is cut off 7 d after
the top of the rootstock is removed (Fig. 1E).
After the bottom of the scion is cut off, you
must wait 2 d for the plants to be ready to
transplant. Grafted plants are maintained in
the greenhouse until the plants are ready for
transplanting. Grafted plants need not be
maintained in high humidity after grafting;
plants should not be older than 33 d before
transplanting.

Hole insertion grafting. Rootstock seeds
are sown in a 3- to 4-cm square cell 5 cm
deep. Scion seeds are sown in a much smaller
cell tray (1- to 2-cm cell 5 cm deep) with
multiple seeds per cell. Trays for rootstock
should be watered very well and trays for
triploid scion should be watered to the best
moisture for germination (Hassell and Shul-
thesis, 2002). Trays are maintained at 30 °C
for germination. When both cotyledons and
first true leaf start to develop, the rootstock
plant is ready to graft (=7 to 10 d after
sowing), depending on greenhouse condi-
tions. Remove the growing point with a sharp
probe, and then open a hole on the upper
portion of the rootstock hypocotyl (Fig. 2B—
C). A bamboo needle or 1.4-mm drill bit
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Fig. 1. Tongue approach grafting.
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Fig. 2. Hole insertion grafting.

works best. The scion is then cut on a 35° to
45° angle, both sides, on the hypocotyls (Fig.
2A). The scion is then inserted into the hole
made in the rootstock (Fig. 2D). The cut
surfaces are matched together and held with
or without a grafting clip (Fig. 2E). Grafted
plants should then be transferred to a humid-
ity chamber or healing room. After the heal-
ing process is complete, grafted plants are
then transferred and maintained at 21 to 36 °C
in the greenhouse until the scion is connected
well with the rootstock; plants should not be
older than 33 d before transplanting.

One cotyledon grafting. Production of
rootstocks and scions is the same as described
for hole insertion grafting. When both coty-
ledons and first true leaf start to develop, the
rootstock plant is ready to graft (=7 to 10 d
after sowing). One cotyledon, along with the
visible growing point, is cut with a razor
blade following the angle of the leaf petiole
(Fig. 3B). The hypocotyl of the scion is cut on
a 35°1t0 45° angle (Fig. 3A) on one side only.
The two cut surfaces are matched and held
together with a grafting clip or a silicone
sleeve (Fig. 3C-D). Grafted plants should
then be transferred to a humidity chamber or
healing room. Postgrafting care is the same as
that described for hole insertion grafting.

Side grafting. Production of rootstocks
and scions is the same as that described for
hole insertion grafting. When both cotyle-
dons and first true leaf start to develop, the
rootstock plant is ready to graft (=7 to 10 d
after sowing). A slit is cut on the hypocotyl of
the rootstock with a razor blade and held open
with a toothpick (Fig. 4B—C). An angle cut,
35° to 45° angle, on both sides is done on the
hypocotyl of the scion (Fig. 4A). The scion is
then inserted into the slit in the hypocotyl of
the rootstock and the toothpick is removed
(Fig. 4D). Two cut surfaces are matched
together and held with a grafting clip or
silicone sleeve (Fig. 4D). Grafted plants
should then be transferred to a humidity
chamber or healing room. The top of the
rootstock is cut off 5 d after grafted plants are
moved from the high-humidity growth cham-
ber (Fig. 4E). Plants are maintained in the
greenhouse until the scion is connected well
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Fig. 3. One cotyledon grafting.
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Fig. 4. Side grafting.
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to the rootstock; plants should not be older
than 33 d before transplanting.
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