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INTRODUCTION

Growing grafted vegetables was first
launched in Japan and Korea in the late 1920s
by grafting watermelons to gourd rootstock
(Ashita, 1927; Yamakawa, 1983). After the
first trial, the cultivated area of grafted veg-
etables, as well as the kinds of vegetables
being grafted, has been consistently increased.
At present, most of the watermelons [Citrullus
lanatus (Thunb.) Matsum. & Nakai], Oriental
melons (Cucumis melo var. makuwa Makino),
greenhouse cucumbers (Cucumis sativus L.),
and several solanaceous crops in Korea and
Japan are grafted before being transplanted to
the field or greenhouse (Ito, 1992; Kurata,
1992; Lee,. 1989; Ryu et al., 1973). The pur-
pose of grafting also has been greatly ex-
panded, from reducing infection by soilborne
diseases caused by pathogens such as Fusarium
oxysporum Schlect. (Choi et al., 1980; Hirata,
1975; Itagi, 1992; Marukawa and Takatsu,
1969; Ryu et al., 1973; Yamakawa, 1983) to
increasing low-temperature (Marukawa and
Takatsu, 1969; Masuda and Gomi, 1984;
Masuda et al., 1981; Tachibana, 1982, 1988,
1989) and salt and wet-soil tolerance (Park,
1987), enhancing water and nutrient uptake
(Gomi and Masuda, 1981; Heo, 1991; Jang et
al., 1992; Kato and Lou, 1989; Kim and Lee,
1989; Marukawa and Takatsu, 1969; Masuda
and Gomi, 1982), and increasing plant vigor
and extending the duration of economical har-
vest time (Itagi, 1992; Ito, 1992; Jeong, 1986;
Kim and Lee, 1989), among other purposes
(Ali et al., 1991; Chailakhyan and Khrianin,
1987; Dole and Wilkins, 1991; Frankel, 1970;
M1atsuzoe et al., 1991b; Mochizuchi and
Yamakawa, 1979; Ohta and Chuong, 1975;
Phatak and Wittwer, 1965). Growing grafted
vegetables, compared to growing grafted trees,
is seldom practiced in the United States or in
other western countries where land use is not
intensive, i.e., proper crop rotation is being
practiced. However, it is highly popular in
Korea, Japan, and some Asian and European
countries where land use is very intensive and
the farming area is small (Hartmann and Kester,
1975). The purpose of this article is to briefly
describe the cultivation of grafted vegetables
and to summarize relevant information on
grafting and cultivating grafted seedlings.
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CULTIVATION STATISTICS FOR
SELECTED VEGETABLES AND

GRAFTED SEEDLINGS

Table 1 shows the statistics of cultivated
vegetable area, cultivated area using grafted
seedlings, and the estimated number of grafted
vegetable seedlings in Korea and Japan. About
337 million grafted seedlings are planted an-
nually in Korea and ≈651 million in Japan
(field and greenhouses). More than 95% of the
watermelons in both countries are grafted. The
majority of greenhouse cucumbers are grafted,
but only ≈10% to 30% of cucumbers for growth
in the field are grafted. Most of the Oriental
melons are grafted to squash (Cucurbita spp.)
rootstock (Ito, 1992; Jang et al., 1992). It is
likely that these quantities will be increased
soon with the introduction of new uses of
grafting for other vegetables and the develop-
ment of rootstock having desirable character-
istics.

VEGETABLES AND ROOTSTOCKS
BEING GRAFTED

Grafting’s early purpose was to avoid or
reduce the soilborne disease caused by F.
oxysporum, but the reasons for grafting, as
well as the kinds of vegetables grafted, have

increased dramatically. Watermelons, other
melons (Cucumis spp.), Oriental melons, cu-
cumbers, tomatoes (Lycopersicon esculentum
Mill.), and eggplants (Solanum melongena L.)
are commonly grafted to various rootstock,
especially for cultivation in greenhouses or
plastic houses (Table 2). Numerous rootstock
also have been developed. Watermelons are
commonly grafted to gourd [Lagernaria
siceraria (Mol.) Standl.] or to interspecific
hybrids [C. maxima Duch. × C. moschata
(Duch.) Duch. ex Poir.]. Cucumbers are most
frequently grafted to figleaf gourd (C. ficifolia
Bouché) or interspecific hybrids (C. maxima ×
C. moschata).

However, many rootstock having distinc-
tive characteristics are available today
(Yamakawa, 1983), and growers select the
rootstock they think are the most suitable for
their growing season, cultivation methods (field
or greenhouses), soil environments, and the
type of crops and cultivars (Hirata, 1975;
Jeong, 1986; Kato and Lou, 1989; Lee, 1989;
Pisarczyk, 1983). For example, cucumbers
grown in greenhouses during the cool season
should be grafted onto figleaf gourd; however,
those grown during the hot summer season are
usually grafted onto Sintozwa rootstock (in-
terspecific hybrids) or othes (Lee, 1989;
Yoon, 1986).

Table 1. Estimated cultivation area of some vegetables being grafted and the number of grafted seedlings
needed annually in Japan and Korea (Food and Agriculture Organization, 1992; Itagi, 1992; Ministry
of Agriculture, Forestry, and Fisheries, 1992).
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I FEATURE I
Several new rootstock are being devel-

oped. For example, bur-cucumber (Sicyos
angulatus L.) collected near Andong, Korea,
showed good compatibility with cucumbers
and watermelons for early summer growth and
good resistance to nematodes (Choi et al,
1992; Kang et al., 1992; Lee, 1992; Lee et al.,
1992).

GRAFTING METHODS

Various grafting methods have been devel-
oped and growers must choose their favorite
methods based on experiences and prefer-
ences. Grafting cucurbitaceous crops is com-
monly done when scion and rootstock seed-
lings are young, i.e., before the outgrowth of
the first true leaf between the cotyledons.
Some of the most widely practiced grafting
methods are shown in Fig. 1. Grafting meth-
ods vary considerably with the type of crops
being grafted, and the sowing time for scion
and stock seeds vary with grafting method and
crop. For example, “hole insertion grafting”
would be convenient for watermelons because
of their small seedling size compared to the
size of stock seedlings, such as gourd and
squash. In cucumbers, however, “tongue ap-
proach grafting” has been used widely, mainly
because of their large seedling size, including
hypocotyl length and diameter, and grafting
ease.

In the past, grafting was routinely carried
out by the growers themselves, but it is now
rapidly shifting to cooperative operations
owing to the efficiency, ease of postgraft care,
and recent expansion of the commercial seed-
ling industry (such as sales of plug-grown
seedlings). Even though the single-edged ra-
zor blade is still the most widely used grafting
knife among farmers today, many other de-
vices, such as specifically designed knives,
clips, tubes, or glue, have now been developed
for easier grafting and postgraft care (Holt,
1958; Itagi, 1992; Ito, 1992; Kurata, 1994;
Morita, 1988; Obeidy and Smith, 1991; Oda
and Nakayama, 1992; Oda et al., 1990; Ohta,
1977; Zaiter et al., 1987). Semi-automatic
grafting machines and/or fully automatic graft-
ing machines using robots (Itagi, 1992; Ito,
1992; Kobayashi, 1991) are being developed.
By using the most sophisticated machine, graft-
ing efficiency could be significantly increased
from the present 150 seedlings/hour per ex-
pert.

The labor required for intensive postgraft
care, mostly 7 to 10 days of careful manage-
ment, could be markedly reduced by using
specifically designed conditioning chambers
(Ito, 1992). Kurata (1994) describes four meth-
ods of robot grafting in detail in Part II.

OBJECTIVES OF GRAFTING
VEGETABLES

Disease tolerance

The vigorous roots of the rootstock ex-
hibit excellent tolerance to serious soilborne
diseases, such as those caused by Fusarium,
Verticillium, and Pseudomonas (Table 3), even
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Table 2. Rootstock, major grafting methods, and purpose of grafting for some vegetables.

Fig. 1. Common grafting methods, (A) Hole insertion grafting. (A') Grafted seedlings are transplanted in
not for further growth. (A'') Rootstock are cut just above the root zone and then grafted as in (A). Grafted
seedlings are then rooted in rooting medium while healing takes place. (B) Tongue approach grafting.
(B') Grafting clip is used to adhere the graft union. The scion’s hypocotyl is cut below the graft union
≈1 week after grafting, (C) Cleft grafting. (C') Specifically devised grafting clips are used to hold the
scion and stock together tightly.
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though the degree of tolerance varies consid-
erably with the rootstock. The mechanism of
disease resistance, however, has not been in-
tensively investigated. The disease tolerance
in grafted seedlings maybe entirely due to the
tolerance of stock plant roots to such diseases.

However, in actual plantings, adventitious
rooting from the scion is very common (Lee,
1989). Plants having the root systems of the
scion and rootstock are expected to be easily
infected by soilborne diseases. However, seed-
lings having dual root systems often exhibit
excellent disease resistance, almost compa-
rable to those having only rootstock roots.
This observation partially supports the previ-
ous report that substances associated with
Fusarium tolerance are synthesized in the root
and translocated to the scion through the xy-
lem (Biles et al., 1989). The activity of the
substances related to disease resistance may
vary during the developmental stages of the
grafted plants (Heo, 1991; Padgett and
Morrison, 1990) .More research is needed in
this regard. It is generally accepted that the
disease-susceptible characteristics of the scion
are not translocated to the rootstock.

Growth promotion and yield increases

The rootstock’s vigorous root system is
often capable of absorbing water and nutrients
more efficiently than scion roots and serves as
a good supplier of endogenous plant hormones
(Heo, 1991; Jang et al., 1992; Kato and Lou,
1989; Park, 1987; Takahashi et al., 1981;
Young, 1989). Cytokinins are the major plant
hormones known to be synthesized princi-
pally in the roots (Chailakhyan and Khrianin,
1987). Cucurbitaceous crops usually show a
significant amount of xylem sap when the vine
is cut off after considerable growth. This xy-
lem sap, which is greatly influenced by the
rootstock even in the same scion cultivars, is
known to contain fairly high concentrations of
minerals, organic substances, and plant hor-
mones such as cytokinins and gibberellins
(GA) (Biles et al., 1989; Jang et al., 1992;
Masuda, 1989; Masuda and Gomi, 1982, 1984;
Masuda et al., 1981). Cytokinin contents are
high in xylem sap, reaching 20 to 50 ng·ml

-1 
in

eggplant (Kato and Lou, 1989), 0.10 to 0.18
mg·liter

-1 
in cucumbers (Park and Kate, 1986),

or up to 20 to 50 mg·liter
-1 
(Heo, 1991) in

cucumber rootstock.
Kato and Lou (1989) examined the xylem

sap and hormone concentrations in eggplants
grafted onto various rootstock. The xylem
sap bleeding rates were the highest in the
eggplants grafted onto VF rootstock, followed
by Torubamu and Akanasu rootstock. Intact
eggplants showed the lowest xylem sap bleed-
ing rates in two of the three cultivars (Table 4).
Cytokinin (trans-zeatin) concentrations were
highest in sap collected from eggplant grafted
onto VF rootstock. Cytokinin concentrations
were lowest in sap collected from plants grafted
onto Torubamu rootstock, thus clearly show-
ing the role of rootstock on cytokinin produc-
tion and supply. GA concentrations in xylem
sap were lowest in plants grafted onto Akanasu
rootstock, and indole acetic acid (IAA) con-
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centrations were lowest in intact plants. Kato
and Lou also reported that eggplant yield was
positively correlated with the amount of xy-
lem sap exudate.

The prolonged duration of fruit harvest in
grafted plants is believed to be due not only to
the disease tolerance of the rootstock, but
also to enhanced water and mineral uptake
(Gomi and Masuda, 1981; Kim and Lee, 1989;
Masuda, 1989; Masuda and Gomi, 1982). The
yield increases, obtained by the extended du-
ration of fruit harvest, are most apparent under
the unfavorable environments of protected
cultivation. However, it should be remem-
bered that the rootstock effect varies greatly
with scion cultivar, even in the same crop. For
example, the most widely used warm-season
rootstock, Sintozwa (an interspecific hybrid),
failed to promote the seedling growth or in-
creased fruit yield of those cucumber cultivars
well-adapted to summer growth and having
larger root systems, even though the yields of
other cucumber cultivars were significantly
increased by the same rootstock during the
summer (Jeong and Lee, 1986). Nicotine ac-
cumulation in tobacco (Nicotiana tabacum L.)
leaves was greatly affected by the rootstock
(Dawson, 1942; Lee et al., 1982).

Effect on fruit quality

The fruit size of watermelons grafted to
rootstock having vigorous root systems is

often significantly increased compared to fruit
from intact plants, and many growers are prac-
ticing grafting mainly for this reason. How-
ever, it is well known that other quality char-
acteristics, such as fruit shape and skin color,
skin or rind smoothness, flesh texture and
color, rind thickness, and soluble solids con-
centration are influenced by rootstock, even
though the same cultural treatments, such as
fertilizer application and irrigation, are prac-
ticed. In cucumbers, especially those for ex-
port, external color and bloom development
are important quality factors (Choi et al., 1992;
Kang et al., 1992). Even though these are
usually regarded as cultivar-specific heredi-
tary characteristics, they can be greatly influ-
enced by the rootstock (Heo, 1991; Kang et al.,
1992). However, the effects of rootstock on
fruit quality are often detrimental, except for
fruit size (Table 5), and, therefore, most newly
devised growing recommendations are aimed
at minimizing the detrimental effects of
rootstock on fruit quality.

ROLE OF ROOTSTOCKS

Even though there is little or no informa-
tion on the translocation of agents from scion
to rootstock, there are many reports concern-
ing the translocation of agents from rootstock
to scion. Some permanent changes take place
in the scion, induced by transmissible agents
from the rootstock (Dole and Wilkins, 1991,
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Table 5. Problems associated with grafting and cultivating grafted vegetable seedlings.

1992; Fajnbron, 1953; Frankel, 1970; Hirata,
1980; Hirata et al., 1986; Ohta, 1977; Ohta and
Chuong, 1975; Yagishita, 1961; Yagishita et
al., 1985). This rootstock-induced transfor-
mation in the scion is maintained through
generations via stem cuttings or through self-
pollinated seeds. The transformation may be
partially overcome by high-temperature treat-
ment (Dole and Wilkins, 1991). Sex expres-
sion in cucurbitaceous crops may be influ-
enced by rootstock (Chailakhyan and Khrianin,
1987; Friendlander et al., 1977; Park, 1987;
Takahashi et al., 1981). However, because the
major hormones supplied by rootstock are
cytokinins and sex expression in cucur-
bitaceous crops is mostly controlled by gib-
berellins or internal ethylene (Ying and
Narayanan, 1991), the effect of rootstock on
sex expression is often not as significant as
changes in other characteristics.

Low-temperature tolerance of the root-
stock is one of the most desirable character-
istics for vegetable cultivation in plastic
houses during winter or early spring. Scion
growth of cucumber can be promoted sig-
nificantly by simple grafting onto figleaf
gourd (Kang et al., 1992; Lee, 1989). Figleaf
gourd roots can absorb water and nutrients
more efficiently than intact cucumber roots;
this increased absorption was correlated
with the increased cytochrome respiration
rate coupled with oxidative phosphoryla-
tion in the cytochrome system (Tachibana,
1982, 1988, 1989).

Grafting in solanaceous crops maybe prac-
ticed for other purposes. Tomatoes are usually
grafted onto other tomatoes having different
characteristics (Table 3). However, tomatoes
and sometimes peppers (Capsicum annuum
L.), can be easily grafted onto eggplant, potato
(Solanum tuberosum L.), or other solanaceous
crops (Dawson, 1942; Fajnbron, 1953; Hirata,

238

1975, 1980; Hirata et al., 1986; Lowman and
Kelly, 1946; Matsuzoe et al., 1991a; Mochizuki
and Yamakawa, 1979). Thus, when tomatoes
are grafted onto potato rootstock, consider-
able yield of both tomatoes and potatoes can
be obtained. However, this practice is not
popular among farmers because of the consid-
erable delay in harvest date, especially in po-
tatoes (Ra et al., 1992).

Grafting is also conducted to study the
movement of some endogenous flowering sub-
stances across the graft union, and it has been
proven that the flower-inducing stimuli con-
trolled by photoperiod moved easily through
the graft union, whereas the stimuli induced by
low-temperature treatment or vernalization did
not (Chailakhyan and Khrianin, 1987). Graft-
ing herbaceous plants is performed for other
purposes, such as to study virus transmission
and stock–scion physiology (Chailakhyan and
Khrianin, 1987; Hartmann and Kester, 1975;
Oda et al., 1990; Stimart, 1983; Yagishita et
al., 1985; Zaiter et al., 1987).

PROBLEMS ASSOCIATED WITH
GRAFTING

Various problems are commonly asso-
ciated with grafting and cultivating grafted
seedlings (Table 5). Major problems are the
labor and techniques required for the graft-
ing operation and postgraft handling of
grafted seedlings for rapid healing for ≈7 to
10 days. An expert can graft 1200 seedlings
per day (150 seedlings per hour), but the
numbers vary with the grafting method.
Similarly, the postgraft handling method
depends mostly on the grafting methods. In
general, the problems listed in Table 5 could
be minimized or easily overcome by care-
ful cultural management and wise selection
of scion and rootstock cultivars.

CONCLUSION

Even though there are many problems as-
sociated with cultivating grafted vegetable
seedlings, the need for successfully grafted
seedlings is growing rapidly. Breeding multi-
purpose rootstock and developing efficient
grafting machines and techniques will un-
doubtedly encourage increased use of grafted
seedlings not only in Korea and Japan, but also
in many other countries. Large-scale commer-
cial production of vegetable seedlings is ex-
panding rapidly in many developed countries,
and this will lead to an increased commercial
supply and use of grafted vegetable seedlings
throughout the world.
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