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Grafting in vegetables is a comparatively recently popularized approach among vegetable
growers worldwide. Initially the technique was for controlling soil borne diseases which is
still of much importance in today’s intensive agriculture. But with modification in grafting
approaches and other related researches, this has now become a multifaceted approach
being used for several purposes. Grafting is an important integrated pest management
strategy to manage soil borne pathogens and other pests of solanaceous and cucurbitaceous
crops using suitable rootstocks. Important diseases managed by grafting are caused by
fungus such as Verticillium and Fusarium; oomycetes like Phytophthora; bacteria,
particularly Ralstonia and root knot nematodes. Grafted seedlings are much favored in
hydroponics where the chances of rapid spread of noxious diseases, once infected, is high.
Due to limited availability of arable land and the high market demand for vegetables
around the world, vegetables are frequently cultivated under unfavorable soil and
environmental conditions like thermal stress, drought and flooding, contamination by
persistent organic pollutants and low soil temperature and high soil salts, especially under
protected cultivations where successive cropping or continuous farming is routinely
practiced. One way to reduce losses in production caused by such abiotic stresses in
vegetables would be to graft them onto rootstocks capable of reducing the effect of
external stresses on the shoot through vigorous attainment of soil nutrients, avoidance of
infection by soil pathogens and tolerance of abiotic stresses. Vegetable grafting has also
been safely adapted for the production of organic as well as environmentally friendly
produce and minimizes uptake of undesirable agrochemical residues. The quality
characteristics like firmness, texture, flavor and health compounds might be affected by
grafting as a result of the translocation of metabolites associated with fruit quality to the
scion through the xylem and/or modification of the physiological processes of the scion.

Introduction

Grafting can be defined as the natural or
deliberate fusion of plant parts so that
vascular continuity is established between
them and the resulting genetically composite
organism functions as a single plant.
Commercial vegetable grafting originated in

Japan and Korea and was practiced for about
30 years. At first the cultivation of grafted
plants in vegetables started to challenge the
serious crop loss caused by infection of soil-
borne diseases aggravated by successive and
intensive cropping. Even though grafting has
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been a mere common practice in fruit trees
since ages, vegetable grafting is of recent
popularization in a commercial scale (Sakata
et al., 2007). It was introduced to Western
countries in the early 1990s and is currently
being globally practiced using local scion
cultivars and introduced rootstocks. The wide
popularization of protected cultivation using
greenhouse technology for the production of
vegetables in the late 1950s provided the
momentum for generalized production and
use of grafted vegetables. In current era of
organic and sustainable agriculture generous
use of inorganic chemical fertilizers and
synthetic pesticides should be minimized for
the production of ecofriendly produces (Davis
et al., 2008; Lee and Oda, 2003; Sakata et al.,
2007). Continuous cropping is unavoidable in
greenhouses, which again leads to reduction
in yield and quality of the produce due to the
menace ofsoil borne pathogens and
nematodes. Since soil sterilization can never
be complete, grafting has become an essential
technique for the production of repeated crops
of vegetables grown in both greenhouse and
open field condition. It has been well-
established that the use of suitable rootstocks
can minimize the problems associated with
modern agriculture like successive cropping
and different stress tolerance (Hoyos
Echeverria, 2010; Lee and Oda, 2003). Since
the plants are cultivated under the protected
structures year-round, they frequently are
subjected to  extreme  environmental
conditions in the high tunnels during off-
season cultivation (Lee, 2008).

As a result farmers frequently encounter
various problems other than soil borne
pathogens caused by successive as well as
off-season cropping such as low temperatures
during the winter, high humidity in the high
tunnels, insufficient light intensity, and lack
of well-balanced fertilization. The produces
grown under these heavily stressed conditions
frequently suffer from heavy incidence of
soil-borne diseases, abnormal abiotic stresses

which lead to physiological disorders, and
quality deterioration. In addition to the widely
recognized advantages of disease tolerance
and high crop yields through vigorous
attainment of nutrients, grafting technology is
also highly effective in ameliorating crop
losses caused by adverse environmental
conditions such as low soil temperature and
high soil salts, especially under protected
cultivations where successive cropping or
continuous farming is routinely practiced.
Grafted seedlings are much favored in
hydroponics farming systems where the
chances of rapid spread of noxious diseases,
once infected, is high.

Multidimensional
grafting

aspects of vegetable

Tolerance to soil borne biotic stress

Grafting to tackle soil borne diseases has
rapidly expanded its horizon to different
solanaceous and cucurbit vegetables. The
contributing factors that have led to such
increased expansion of grafting include:
increased pathogen population densities due
to intensified production systems, heavy
reliance on susceptible but popular cultivars
to meet specific market demands (Sakata et
al., 2007), arising of new major pathogen
through introduction or minor  pest
resurgence, the rapid adoption of
green/polyhouse production, growing demand
for organic food, and the loss of methyl
bromide as a broad spectrum soil fumigant to
manage soil borne pathogens and pests. So as
an alternative effort to tackle such problem
based on integrated pest management
approach as a longer term strategy, grafting
represents a viable option with enough
potential to mitigate the above mentioned
biotic stress. The use of grafting in vegetable
production systems has expanded to manage a
broad range of pathogens including different
ranges of fungi, oomycetes, bacteria,
nematodes and viruses.
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Grafting against Verticillium wilt

Grafting has been commonly used to manage
verticillium wilt in tomato and brinjal but its
use for this purpose is quite rare in case of
cucurbits. V. dahliae is the primary pathogen
of concern among all the races of this
pathogen. Solanum torvum (Turkey berry) is
commonly used as rootstock for brinjals,
accounting over50% area of grafted brinjals
in Japan (Oda, 1995). In case of grafted
brinjal plants with S. torvumas rootstock,
suppressed Verticillium infection allowing
only some mild symptoms; increased root
biomass in the grafted treatments, and
produced higher yields comparable to methyl
bromide sterilized treatments (Bletsos, 2006).
This rootstock was also observed to be
providing greater resistance for this pathogen
than S. sisymbriifolium (Bletsos et al., 2003).
In Italy, S. torvum rootstocks offered control
of root knot nematode but was not effective
against Verticillium pathogen after repeated
cropping cycles (Garibaldi et al., 2005). In
follow up work, brinjal grafted onto S. torvum
had a wilt incidence of 20%compared to 97%
wilt in non-grafted plants. S. torvum was
again observed to minimize disease incidence
and increase yield under the combined
pressure of Verticillium and Meloidogyne
(Curuk et al., 2009).

Among the 33 cucurbit rootstocks evaluated,
all rootstocks showed some symptoms due to
colonization by V. dahlia. Among those the
most tolerant ones found to be were
Cucurbita pepo and Lagenaria siceraria.
Melon and watermelon were found to be
susceptible  and highly  susceptible,
respectively (Paplomatas et al., 2000).

Mechanisms  of grafting to combat
Verticilliumin the infested soils includes
increased root vigor and biomass (Bletsos et
al., 2003) and associated increased water and
nutrient uptake (Lee, 1994). As per the

conclusion provided by Klosterman the
impact of reduced infestation might be due to
the low success rate of inoculum penetration
and colonization into vascular tissue, and
even if the colonizationoccurs it is a relatively
slow process (Klosterman et al., 2009).The
decreased the rate of colonization of pathogen
in the vascular tissue might be another reason
for a reduced rate of wilt (Paplomatas et al.,
2002).The role of root exudates in
suppressing  Verticillium growth in the
rhizosphere of susceptible and resistant
rootstocks is also of importance(Liu et al.,
2009).The Verticillium wilt resistant tomato
rootstock, ‘Lydl’, when grafted with brinjal
scions, eluted some chemicals of allelopathic
nature that inhibited mycelial growth of V.
dahlia. The root exudate profile emitted from
plants grafted with rootstock was distinctly
different than from non-grafted roots
providing details about specific constituents
having some role in suppression of the
pathogen (Liu et al., 2009).

Grafting against Fusarium pathogens

Fusarium species are commonly persistent in
soils for years by colonizing inside different
alternate hosts in a symptomless manner,
inside soil debris or by persistent survival
means like chlamydospores. Therefore crop
rotation has not been proved to be of much
success in properly controlling Fusarium
diseases. Fusarium species have a prolific
capacity to recolonized is infested soils and
can be readily re-introduced into production
areas on contaminated soil, equipment and
plant tissue (Louws et al., 2010). S. torvum
rootstock also conferred resistance to F.
oxysporum f. sp. melongenae limiting
fusarium wilt incidence in brinjal scions
(Gousset et al., 2005). But managing
Fusarium wilt through grafting has attained
much success in case of cucurbits than that of
solanaceous vegetables. Non-host resistance
(i.e. exploiting host pathogen incompatibility)
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using interspecific or intergeneric grafting has
proven to be an effective management tactic,
particularly in cucurbitcrops. Hence, the use
of interspecific hybrids is commonly used in
case of watermelon. Bottle gourd is the most
important rootstock against this pathogen in
watermelon in Japan (Sakata et al., 2007).
The rootstock ‘Shintoza’ is preferred in Spain
because of its effectiveness against all races
of Fusarium and yield stability contribution as
compared to the non-grafted plants. (Miguel
et al., 2004).

Grafting of cucumbers found popularity in
Japan when F. oxysporum f. sp. cucumerinum
resistance was combined with rootstocks that
enhanced yield and provided environmental
stress tolerance (Sakata et al., 2008). Fig leaf
gourd (Cucurbita ficifolia) is a popular
rootstock for cucumber sinceit shows good to
excellent resistance to fusarium wilt (Lee and
Oda, 2003), with low temperature tolerance
thus preferred in the winter production
season. The rootstock, ISHc ‘Shintosa’ that
offers fusarium wilt resistance and heat-
tolerance is preferred for summer production
in cucumber (Sakata et al., 2008). Cucumber
plants grafted onto Cucurbitamoschata
offered tolerance to both fusarium wilt and
phytophthora blight (Sakata et al., 2008;
Takahashi and Kawagoe, 1971). Burr
cucumber (Sicyosangulatus L.) also provides
fusarium wilt resistance along with root knot
nematode control but is susceptible to
damping-off and gummy stem blight (Sakata
et al., 2008).

Grafting against bacterial wilt pathogens

Bacterial wilt caused Dby Ralstonia
solanacearumis one of the most important
bacterial diseases in regions of the world. It’s
also one of the most important objective
towards which vegetable grafting of
solanaceous vegetables are concentrated
against, especially in the tropical coastal belts

of the world. Infested plant typically shows
complete plant collapse very quickly. With
the help of a wide host range of plants
including weed species, the bacteria remains
persistent in soil for many years causing
havoc in crop production. Soil disinfestation
is effective for a short period only. The
resistant varieties are not that effective due to
wide range of pathogens strains and linked
gene effect with  undesirable  fruit
characteristics. So the best alternative for this
problem is grafting with suitable rootstocks.

The AVRDC recommends brinjal rootstocks
for tomato production for bacterial wilt
resistance and in cases when flooding may
occur, otherwise H7996 is recommended
(Black et al., 2003). Solanum toxicarium was
found to be resistant to 5 diverse (termed | to
V) Ralstonia solanacearums trains whereas S.
sisymbriifolium was only resistant to strain IlI
and S. torvum was resistant to strain I, Il and
V (Matsuzoe et al., 1993). S. torvum was the
most effective rootstock for brinjal in Italy
(Bilotto et al.,, 2006) and is considered
tolerant to pathogen strains (Gousset et al.,
2005). The protection mechanism by use of
rootstock were found not due to prevention of
entry of bacteria into the xylem tissue in the
root. But the resistance mechanism was due to
limited colonization of bacteria in the lower
stem (Nakaho et al., 2000; Prior et al., 1996).
Similar results were shown by Grimault and
Prior who found reciprocal grafts (succeptible
scion used as rootstock and resistant rootstock
used as scion) to be succeptible to disease,
which might have been associated with
reduced colonization of the bacteria into the
lower stem (Grimaultand Prior, 1994).

Grafting against root knot nematodes

Root knot nematodes are obligate
endoparasites with a broad host range of
vegetation. This especially causes severe
yield losses, especially in solanaceous
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vegetables. Meloidogyne incognita, M.
arenaria, M. javanicaand M. hapla are the
four main species affecting different crops
causing too much loss to farmers. These are
disseminated through contaminated soil, plant
root debris or infected plants. S. torvum and S.
peruvianum also offer resistance to
Meloidogyne incognita (Rodriguez et al.,
2009). Root knot nematode management in
brinjal has been accomplished with the
interspecific  hybrid rootstock  ‘Brigeor’
(loannou, 2001) and S. torvum (Curuk et al.,
2009).

Bur cucumber and the African horned
cucumber have the best nematode tolerance
which can be used in grafting among
cucurbits for providing protection from
nematodes (Lee and Oda, 2003; Sakata et al.,
2008). Cantaloupes (Cucumis melo L.) grafted
on rootstocks C. moschata and C. metuliferus
reduced Meloidogyne incognita race 3
induced galling incidence with the later
rootstock considered moderately resistant
(Siguenza et al., 2005).

Grafting against pests

Although pests have never been one of the
focal points in objectives in vegetable grafting
but some important research finding have
been observed at different places. Wild
Solanum sp. has been reported to be used as
rootstock to reduce the density of whiteflies
for reduced incidence of white-fly transmitted
virus symptoms (Alam et al., 1995). Carmine
spider  mite  (Tetranychuscinnabarinus)
resistance has been conferred to cucurbit
scions by using Lagenariaas the
rootstock(Edelstein et al.,, 2000).Tomato
grafted onto wild Solanum selections also
have been observed to reduce the incidence of
the sweet potato whitefly (Bemisiatabaci),
potato psyllid (Bactericeracockerelli) and
aphids (Aphis gossypii) (Alvarez-Hernandez
et al., 2009).

Grafting against parasitic pests and weeds

Orobanche species like Orobancheaegyptiaca
and O. ramosa prominent on tomato fields of
Mediterranean countries, were found to be
controlled by grafting on a resistant rootstock
(Dor et al., 2010). Although this source of
resistance has not been deployed into
commercial rootstocks to date.

Grafting for quality improvement
Physical quality

The physical appearance of vegetables is of
foremost importance from consumer’s point
of view affecting the purchasing decisions,
which is characterized by size, shape, color,
condition and absence of defects (Kays,
1999). By different research studies it has
been reported that the average fruit weight
and size of solanaceous and cucurbitaceous
vegetables are often influenced by grafting,
which is also an important component of
yield. One of the most important physical
quality, fruit size was reported to be increased
in the grafted plants, as they were resistant to
soilborne disease, having strong root systems
and increased photosynthesis (Qi et al.,
2006).Similar results showing increased fruit
size were also observed in case of brinjal and
tomato, respectively (Passam et al., 2005;
Pogonyi et al., 2005). The incidence of the
physiologicaldisorder affecting the physical
appearance has been reported to be closely
associated with the rootstock especially in
case of cucurbits. Vigorous rootstocks, such
as interspecific hybrids between C. maxima x
C.moschata, caused severe incidence of
premature internal decay in ‘Keumssaragi’
oriental melons by absorbing absorb more
nitrogen fertilizers and less calcium into the
fruits (Chung, 1995).Grafting was also
reported to improve the glassy look of flesh in
melon (Taussiget al., 1996).Firmness of fruits
were also affected in some extent due to
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grafting. Fruits from grafted watermelon on
Lagenaria rootstocks (Yetisir et al., 2003),
and C. maxima x C. moschata (‘RS841” and
‘Shintoza Camelforce’) (Huitron-Ramirez et
al., 2009) were firmerby 24% and 27%,
respectively compared to the ungrafted plants.
Rind thickness of fruits from grafted
watermelon vineswasalso reported to be
increased by 21% (Yetisir et al., 2003) and
17% (Proietti et al., 2008) than the fruits from
ungrafted plants. Although this physical
property enhancement resulted in relatively
higher wastage at the time of consumption but
on the other hand it guaranteed better
postharvest storage and prevention of injury
during handling.

Flavor compounds

Plants have the capacity to synthesize,
accumulate and emit volatiles that may act as
aroma and flavor molecules due to
interactions with human receptors. These low-
molecular-weight substances derived from the
fatty acid, amino acid and carbohydrate pools
constitute a heterogenous group of molecules
with saturated and unsaturated, straight-chain,
branched-chain and cyclic structures bearing
various functional groups (e.g. alcohols,
aldehydes, ketones, esters and ethers) and also
nitrogen and sulfur. The total sugar content of
watermelons grafted onto bottle gourd (L.
siceraria) rootstock was reported to be lower
than in self-rooted watermelons (Yao et al.,
2003; Qian et al., 2004; Liu et al., 2006).
Proietti et al., (2008) demonstrated that mini-
watermelon grafted onto the commercial
hybrid rootstock ‘PS 1313 (C. maxima x C.
moschata) exhibited higher titratable acidity
(TA), and a higher TSS/TA ratio. The higher
value of TSS/TA ratio represents a central
parameter regarding the flavor of the fruit
because it describes a good balance between
sweetness and acidity in fruits. In a general
conclusion by many researchers the changes
in the scion are controlled by the rootstock

mainly through controlled uptake, synthesis,
and translocation of different minerals and
plant hormones (Lee and Oda, 2003).Grafting
influences absorption and translocation of
phosphorus, nitrogen, magnesium and
calcium (Ruiz et al., 1997; Pulgar et al., 2000;
Rouphael et al., 2008). It has been suggested
that improved nutrient uptake in grafted
seedlings increases photosynthesis, which is
particularly noticeable under less than optimal
growing conditions such as low sunlight and
CO, concentration especially in protected
structures (Hu et al., 2006). These conditions
allow grafted plants to produce higher yields
compared to ungrafted plants, sometimes with
improved sugar contents (Xu et al., 2006a, b).

Health-related compounds

As per the study by Huang et al., (2009) an
increase of vitamin C contents was reported in
cucumber fruits harvested from plants grafted
onto fig leaf gourd. Lycopene concentration
was related to the high K concentration in the
fruit in tomato. It is also known as an anti-
cancerous compound. Proietti et al., (2008)
demonstrated that mini-watermelon grafted
onto the commercial hybrid rootstock ‘PS
1313’ (C. maxima x C. moschata) increased
the lycopene concentration by 40% than the
fruits from ungrafted plants.

Grafting Against Abiotic Stress
Grafting for cold tolerance

Cold stress is one of the most important
factors the crop plants of temperate and
subtropical regions are facing through chilling
and freezing injury thus affecting the yield
and quality parameters. Especially the
production of vegetables in areas of cold and
even mild climate conditions are affected
severely during the winter (sometimes during
spring also) due to chilling and suboptimal-
temperature conditions. The temperature limit
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for growth of most of the chilling-sensitive
fruit vegetables, such as pepper, brinjal,
cucumber, tomato and melon is about 8-12 -C
(Criddle et al., 1997). Below this limit,
vegetables originating from tropical or
subtropical areas suffer from different
disorders (leading to distortion or death of
plant parts), depending on the interval and
intensity of exposure to cold (Venema et al.,
2005). Tomato grafted onto a cold-tolerant
rootstock revealed a higher capacity to adjust
their root/shoot ratio to suboptimal root-
temperature (Venema et al., 2008).This might
be due to the functional equilibrium
established between root and shoot of the
grafted plant, allowing the root system to
overcome restrictions in water and nutrient
uptake. For watermelon, grafting onto Shin-
tosa-type (an interspecific squash hybrid,
Cucurbita maxima x C. moschata) rootstocks
is used to advance the planting date during
cool periods (Davis et al., 2008).For cold
tolerance in cucumber, fig leaf gourd
(Cucurbita ficifolia) and bur cucumber
(Sicosangulatus L.) are popularly used as
rootstocks. Fig leaf gourd has got a distinctive
trait with an optimum root temperature
requirement of around 15 C, which is 6 -C
lower than that of cucumber roots (Tachibana,
1982; Ahn et al., 1999; Rivero et al., 2003).
These two rootstocks also improved the
vegetative growth and early vyield at
suboptimal temperatures (Zhou et al., 2007).1t
was shown, that both uptake (Masuda and
Gomi, 1984; Tachibana, 1982, 1987) and
transport (Choi et al., 1995) of the macro-
nutrients, particularly nitrate and phosphate,
increased in fig leaf gourds compared with
cucumber rootstocks in response to decreased
root-zone temperatures. Shibuya et al., (2007)
also reported that grafting of a cucumber
scion onto a squash rootstock (Cucurbita

moschata) could  tolerate  suboptimal
temperatures compared with a self-
graftedone. Scions grafted onto low-

temperature tolerant cucurbit a rootstocks

close the stomata much later compared with
scions grafted onto sensitive ones, or scions
grafted onto their own. Thus, transpiration is
maintained and such plants perform better and
experience cell death later (Yu et al., 1999).In
contrast, cold-tolerant tomatoes, such as S.
habrochaites, decline the stomatal
conductance resulting in a stomatal closure,
while the stomata of cold-sensitive species
remain open until chilling temperatures of 5
°C, due to which, they became flaccid and
suffered damage (Bloom et al., 2004).

Grafting for high temperature tolerance

High temperatures above the optimal range
required for plant growth leads to a series of
complex  morphological,  physiological,
biochemical and molecular changes that affect
plant growth and productivity adversely
(Wang et al., 2003) by different means such
as growth reduction, decrease in the
photosynthetic rate, increase in respiration,
assimilate partitioning towards the fruits,
osmotic and oxidative damage, reduced water
and ion uptake/movement, cellular
dehydration etc. On the other hand, plants
activate stress-responsive mechanisms, such
as production of heat shock proteins, osmo
protection, and stabilization of enzymes and
membranes. So the rootstocks need to
improve these defense mechanisms to
establish their role in high temperature
tolerance in grafted plant. Since brinjals are
better adapted to tropical hot conditions with
better tolerance against high soil temperature,
the use of brinjals as rootstocks for tomato at
higher temperature seemed to be more
promising (Abdelmageed and Gruda,2009),
although it lead to decreased total fruit dry
weight. It has also been recorded that grafting
of tomato onto brinjals reduced electrolyte
leakage under high temperature stress,
indicating less membrane damage and a
higher ability to retain solutes and water
(Abadelhafeez et al., 1975; Abdelmageed and

3338



Int.J.Curr.Microbiol.App.Sci (2017) 6(10): 3332-3345

Gruda, 2009). The use of a heat-tolerant
tomato (cv. Summerset) as a rootstock also
failed to improve the yield. However, testing
brinjals grafted onto a heat-tolerant rootstock
(cv. Nianmaoquie) seemed to be promising
and resulted in a prolonged growth stage and
yield increase (Wang et al., 2007). In pepper
highest vyields were recorded under high-
temperature  conditions  for  rootstocks
recommended by the AVRDC such asC.
annuumcv. Toom-1 and 9852-54 (Palada and
Wu, 2008). Grafting tomato onto a heat
tolerant rootstock (L. esculentum cv. RX-335)
resulted in a decreased hydrogen peroxide
concentration indicating the lower oxidative
stress (Rivero et al., 2003a). The tomato
grafted onto brinjals exhibited also a lower
proline  level but higher ascorbate
concentrations compared with self-grafted
tomato (Abadelhafeez et al., 1975).

Grafting against water stress

For reducing the yield loss and improving the
water use efficiency in the drought prone
areas, use of moisture stress tolerant
rootstocks in grafting can be a viable option.
(Garcia-Sanchez et al., 2007; Satisha et al.,
2007). Grafted mini-watermelons onto a
commercial rootstock (PS 1313 : Cucurbita
maxima x Cucurbita moschata) under
moisture stress condition, produced 60%
higher marketable vyield than ungrafted
melons (Rouphael et al., 2008), which might
be due to an increased efficacy in water and
nutrient uptake, indicated by a higher N, K,
and Mg concentration in the leaves and higher
CO, assimilation. Holbrook et al., (2002) on
his grafting experiments with ABA deficient
mutants of tomato showed that stomata can
close independently of the leaf water status
suggesting that there is a chemical signal
produced by the roots that controls stomatal
conductance. Since brinjal root system is
more effective in water uptake than tomato
root systems, it mightbe used as a rootstock
for tomato under drought conditions.

Flooding and submergence are some of the
major abiotic stresses causing serious
problems for the growth and yield of flood
sensitive crops especially in coastal and low
land regions of the world. Grafting improved
flooding tolerance of bitter gourd when
grafted onto luffa (Liao and Lin, 1996) which
might be due to depression of photosynthetic
rate, stomatal conductance, transpiration,
soluble proteins, and/or activity of RuBisCO.
For managing such problems in the lowland
tropics, the AVRDC recommends growing
tomatoes on brinjals ‘EG195° or ‘EG203” and
pepper on chili accessions ‘PP0237-7502,
‘PP0242-62° and ‘Lee B’ (AVRDC, 2003,
2009).The high percentage of plant survival in
grafted plantsin high intense rains during
monsoon at Navsari expressed the suitability
of Solanum torvum as rootstock to perform
well under such conditions. A high moisture
situation in the soil causes oxygen starvation
and is often associated with so many soil
borne problems like wilts, root knot
nematodes etc. The vigorous root system of
Solanum torvum and resistance to soil
diseases or pests, tolerance to abiotic stress,
selective absorption of available soil nutrients
conferred a high degree of vigour to the scion
(Davis et al., 2008; Lee and Oda, 2003 and
Lenz, 1970). Hu et al.,, (2006) have also
suggested that improved nutrient uptake in
grafted seedlings increases photosynthesis
under week sunlight conditions and such
conditions generally prevails during rainy
season under south Gujarat conditions.

Grafting for plant vigour promotion

As a generalized observation, the root systems
of rootstocks are extensively spread over
large area inside soil and more vigorous, as a
result of which they absorb water and
nutrients much more efficiently as compared
to non-grafted plants, due to this particular
occurrence, in case of grafted plants less
fertilizers are recommended sometimes. As
reported by Salehi-Mohammadi et al., (2009)
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in watermelons, it is recommended to reduce
the amount of chemical fertilizers application
to about one-half to two-third as compared to
the standard recommendation for non-grafted
plants. That is of importance especially in
case of nitrogen fertilizers during early
seedling growth and proper and early fruit
setting. The frequency of other agrochemical
application like fungicides can be reduced to a
great extent by use of vigorous rootstocks.
Cytokinin composition in xylem sap of
grafted and non-grafted vines, vary greatly in
various cucurbits. The higher cytokinin
concentration in the ascending xylem sap
contributes sufficiently to high vigour of the
plant. In cucumber, vigorous root system of
the rootstock can effectively absorb water so
that less frequent irrigation may be practiced.
The differences in quality, yield and earliness
in brinjal could be attributed to the different
growth characteristics of the cultivars and to
their compatibility with the rootstock. Thus,
(Suzuki & Morishita, 2002; Sebahattin et al.,
2009) showed that Solanum torvum is a
vigorous rootstock, and a graft combination of
a vigorous cultivar with an equally vigorous
rootstock reduces the amount of fertilizer
required for the same vyield. Earliness could
also be associated with the high vigour of the
rootstock. Gisbert et al., (2011) have
mentioned that the earliness was observed
mainly in the interspecific hybrids, respective
between S. melongena and S. aethiopicum or
S. incanum.

Grafting for yield increase

Many researchers has reported an increase in
yield of produce which may be due to higher
plant vigour, protection against biotic and
abiotic stresses. In oriental melons, fresh fruit
weight increase of 25-55% have been
reported as compared to own-rooted plants.
These yield increase were closely correlated
with the maintenance of good plant vigor until
late in the growing season in addition to

disease resistance. The marketable yield in
grafted brinjal was significantly higher than
non-grafted ones, although there was no
significant difference between the grafted
variants. The range of variation was relatively
small between grafted variants. The not
grafted brinjals variant yield (Aragon F;)
harvest was only of 44.6t/ha, with over 15t
less than the registered vyield of grafted
brinjals variant (Bogoescu and Doltu, 2015).
Similar results were obtained with tomato,
where 54% increase of marketable yield was
obtained with ‘Kagemusia’ and 51% with
‘Helper’ rootstocks (Chungand Lee, 2007).
Similar yield increase have been reported by
other researchers on watermelon, cucumber
(Lee and Oda, 2003), melon, pepper, and
brinjal.

As already mentioned, grafting in vegetables
is an multidimensional approach leading to
the solution of many problems in the field
starting from the problems arising from
conventional cultivation such as use of methyl
bromide for soil sterilization, rapid spread of
diseases caused by successive cropping, low
soil temperature damage during the early
stages, heavy use of pesticides and chemical
fertilizers, and economic use of irrigation
water. This can be an important part of the
ever growing organic cultivation due to its
ecofriendly pesticide free pest management
approach. It has also got tremendous
opportunity in case of intensive cultivation
inside protected structure along with systems
like hydroponics to minimize disease
incidence. The agronomical and physiological
processes that affect the fruit quality of
grafted plants have received much research
attention especially for watermelon, melon,
cucumber and tomato and to a lesser degree
for brinjal and pepper. So in a world of
quality consciousness (without depending on
chemicals), grafting can play a major role for
tapping this opportunity. Grafting is also a
promising tool to enhance plant performance
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of vegetables from both Cucurbitaceae and
Solanaceae under different abiotic stresses.
Several effective rootstocks to tackle these are
already in practical use for this purpose. So in
this current scenario of climate change, there
is a need of such rootstocks for advancing the
vegetable cultivation for meeting the ever
increasing population of the world. But the
desired rootstock traits are fairly complex,
multi-gene ones needing practical selection
tools like genetic markers, on which research
works are under progress. In this review all
the beneficial approaches of grafting for a
healthy and beneficial vegetable production
are covered, which might throw some light on
the huge potential of grafting that is still
untapped. Through the years, vegetable
grafting has come a long way since its origin
in Japan and China. Even though the benefits
of using grafted seedlings are now fully
recognized over the world, production of
uniform, healthy grafted seedlings at
reasonable prices is the key point for wider
use, especially in those countries with limited
experience.
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