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Abstract

Grafting is a horticultural technique that combines a scion and rootstock to produce a grafted seedling with improved quality. It will be
another way to reduce the yield loss caused by soil-borne pathogens. It is a very useful technique for decreasing plant disease and
improving the quality and yield of produce. In that case, rootstocks are used to establish a strong root system, enhance disease resistance
and determine the phenotype of the grafted plants. The scion is used to provide the vegetative character in the grafted plant. Nowadays,
disease and pest incidence in plants is high due to the resistance or tolerance of pests and soil-borne pathogens against chemical use.
Instead of using chemicals to control pests and pathogens, the grafting technique is a very useful method. Some of the wild species have a
resistance trait to pests, pathogens and abiotic stresses. It serves as a genetic resource for vegetable crop improvement by grafting.
Grafting using wild species is not only a new technology to improve yield, but also to enhance disease resistance and resilience. This paper
examines the latest advancements in vegetable grafting using wild species. It provides in-depth information on the advantages,
disadvantages and potential applications of grafting. A sustainable approach to addressing the issues of soil degradation, climate change
and the rising demand for premium vegetables in agriculture is the incorporation of grafting with wild species. Grafting does not directly
reverse soil degradation, but it provides a biological tool to manage the consequences of degraded soils. It enables continued
productivity, reduces chemical dependence and supports soil-friendly agricultural practices. This review provides an overview of grafting
techniques, suitable species, rootstocks and scions.
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crops, grafting is mainly used for decreasing the yield loss
caused by abiotic stress (7). Grafting tomato cultivars with
resistant rootstocks can enhance resistance, yield and fruit
quality (11).Grafting has been used to increase crop yield, fruit
quality and resilience to abiotic stresses in the Cucurbitaceae
family (3). Wild species can contribute valuable traits, such as
stress resistance, which may help crops adapt to the impacts of
global warming; however, they are not a sufficient solution to

Introduction

Grafting is a valuable technique for propagating vegetables. It is
considered a quick alternative for temporarily combining
desirable traits, although it does not replace breeding in the
development of new cultivars or the introduction of heritable
genetic improvements (1, 2). Grafting techniques are useful for
improving fruit quality, managing soil-borne diseases and

nematodes and enhancing tolerance to abiotic stresses,
including water-related conditions (such as drought and
flooding) and temperature-related conditions (such as heat
and cold) (3-9). Grafting techniques are useful in orchards for
propagation in certain orchard crops (10). Grafting can be
included as a tool in integrated nematode management
practices (5). By using cleft grafting in tomatoes, the symptoms
of tomato yellow leaf curl virus (TYLCV) can be delayed (11).
Abiotic factors significantly limit plant growth and reduce yield.
Salinity is one of the major abiotic stresses that reduces yield
and affects plant growth and yield. This yield loss caused by
salinity stress (an abiotic stress) can be mitigated by grafting
with resistant rootstocks (7). In Solanaceae and Cucurbitaceae

climate change (12).
Graft Compatibility and Incompatibility

There are two types of compatibility such as grafting
compatibility and symbiotic compatibility. Grafting compatibility
refers to the survival rate of the grafting combination. Symbiotic
compatibility refers to the symbiotic capacity of the graft
combination after establishment, encompassing both normal
vegetative and reproductive growth (13). Epigenetic factors (such
as DNA methylation) determine the success of graft union (5).
Interaction and physiological signalling between scion and
rootstock after grafting determines graft compatibility (14). Graft
compatibility was determined by assessing the survival rate of
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the grafted plants after regeneration of vascular bundles across
the graft interface and vegetative growth of the scion (15).
Rootstock and scion incompatibility is the major problem in
grafting (16). Graft incompatibility refers to the inability of a
rootstock and scion to form a successful graft union when all
the necessary environmental conditions are met (17). Graft
compatibility is generally higher among closely related species;
however, successful grafts between genera, such as those
between tomato and eggplant, have also been reported. A
subclade of B-1,4-glucanases facilitates cell wall repair around
the graft interface, releasing into the extracellular region,
according to comparative transcriptome analysis of graft
combinations. Overexpression of B-1,4-glucanase facilitates
grafting (1).

Use of rootstock and scion in grafting

Tomato rootstock (maxifort) is resistant to Fusarium wilt race 1.
Rootstock performance can vary depending on the scion
variety used (18). Selection of rootstock and grafting method
influences the fruit taste in tomato breeding (19). Screening is
essential for finding rootstock/scion compatibility to improve
yield and resistance to abiotic stresses (4). Rootstocks can
enhance resistance to abiotic stressors, such as salinity,
drought and soil impedance. However, genetic diversity in
rootstocks increases the likelihood of selecting for traits that
confer resistance (20). Table 1 represents the suitable
rootstocks for different vegetables (15, 3, 21). Fig. 1 shows the
steps in grafting (22). Fig. 2 shows steps in graft healing (23-25).

Biochemical changes after grafting

The enzymes SOD (Superoxide Dismutase) and POD
(Peroxidase) are key antioxidant enzymes that mitigate
oxidative stress and facilitate graft union formation. Their
enhanced activity supports successful healing, vascular
differentiation and long-term graft compatibility, especially
under environmental stress conditions. SOD (superoxide
dismutase) activity depends on graft compatibility, scion-
rootstock interaction and environmental stressors (26). Plants
grafted onto salt-tolerant rootstocks may exhibit improved
growth and development under saline conditions, including
higher leaf water content, enhanced photosynthesis and
increased accumulation of compatible osmolytes, polyamines
and abscisic acid in the leaves, compared to ungrafted plants;
however, these benefits depend on the compatibility and
effectiveness of the specific rootstock-scion combination (7).
The degree of compatibility was positively correlated with graft
success rate, while negatively correlated with total phenol
content and peroxidase activity. Phenolic compound levels and
peroxidase activity may be used as supportive indicators to pre
-screen for incompatibility in particular species. Still, they are
not universally reliable markers across all graft combinations
(16). A study was conducted on the molecular mechanisms of

Table 1. Suitable rootstocks for different vegetables

2

grafting in Arabidopsis thaliana hypocotyls, with a particular
emphasis on alterations in gene expression. An asymmetry in
tissue expression arises from the activation of genes associated
with cambium, phloem and xylem formation in grafted tissues.
This asymmetry leads to the accumulation of starch. The starch
buildup correlates with genes that respond to sugar. However,
in grafted tissues, genes associated with vascular formation
were activated, indicating a wound-healing recognition
mechanism. Inter-tissue communication, tissue fusion events
and tissue regeneration may all be impacted by gene
expression asymmetry (27). The study examined the effect of
the rootstock on shoot growth and whether grafting could
improve watermelon plants' ability to withstand alkalinity.
Significant decreases in shoot, root biomass and leaf
components were observed in two greenhouse tests when the
pH was increased. Grafted plants had lower leaf concentrations
of macronutrients and greater leaf concentrations of iron (7).
Rootstock-grafted plants show a significant reduction in lipid
peroxidation due to increased catalase activities and
antioxidant enzymes (28).

Utilization of Wild Relatives in Grafting

Crop wild relatives are species closely related to cultivated
crops that exhibit broad environmental adaptations. Examples
of tomato and brinjal wild relatives are S. sisymbriifolium and
S. macrocarpon, respectively. Since these two wild species (S.
sisymbriifolium and S. macrocarpon) are reported to be more
drought-tolerant than the cultivated species, this consideration
should be taken into account when selecting rootstocks for
crop improvement (12). Some of the potential wild and related
species of vegetables that could be utilized for grafting are
discussed below:

Solanum habrochaites

Wild species of Solanum are used as a source for incorporating
various biotic and abiotic stress resistance traits into the
cultivated brinjal (29). The wild species Solanum habrochaitesis
useful in tomato grafting to improve suboptimal temperature
tolerance. At 25 °C, S. habrochaites may not significantly affect
shoot and leaf expansion rates; however, as a rootstock, it can
still influence scion physiology under suboptimal nutrient or
normal conditions. S. habrochaites has a greater capacity to
adjust the root-to-shoot ratio (R:S ratio) at suboptimal
temperatures compared to S. lycopersicum rootstock (30).

Solanum pimpinellifolium

In tomatoes, the negative effect of the salinity stress on the
scion can be reduced by grafting. Solanum pimpinellifolium is a
wild species of tomato that can be used as a rootstock to
reduce the effect of salt stress (19). In salt stress conditions, the
graft combination (S. lycopersicum x S. pimpinellifolium hybrid
as a rootstock and variety Galaxy as scion) exhibits high fresh
root and shoot weights, as well as a higher number of leaves.

S.No Crop Compatible rootstocks Usage References
: Pumpkin
= Bitter gourd (Cucurbita moschata) (15)
. - Maintaining yield and quality
2. Mini Watermelon Pumpkin (RS 841) parameters (3)
3. Watermelon Wild watermelon Improving lycopene content (21)
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Fig. 1. Steps in grafting (22).

Compared to ungrafted plants, grafted plants using Solanum
pimpinellifolium species have more antioxidant enzyme activity
and amino acid content in leaf tissues. This graft combination
contains high levels of amino acids, including isoleucine, proline,
lysine, methionine, hydroxyproline, glutamate, histidine, alanine,
arginine and leucine. Tomato plants under salt stress experience
oxidative damage and reduced growth. However, increased
amino acid accumulation in grafted combinations protects them
by maintaining osmotic balance, supporting antioxidant defence
and stabilizing proteins and membranes. This leads to improved
plant growth and physiological performance, proving the
effectiveness of grafting in saline environments. These contents
help to reduce the effects of salt stress on plants (31).
L. pimpinellifolium parent fruits have higher invertase activities,
greater hexose contents and lower sucrose accumulation (32).

Solanum auriculatum and Nicotiana glauca

Steroidal glycoalkaloids (solanine and chaconine) produced by
Solanaceae crops are toxic to animals and humans. Solanine
levels in rootstock do not directly determine compatibility or
toxicity in scions. Plants produce these steroidal glycoalkaloids
for their protection (33). S. auriculatum and N. glauca species
have low concentrations of chaconine and solanine. Therefore,
this can be used as a better rootstock for tree tomato (34).

Lycopersicon hirsutum

Lycopersicon hirsutum Humb. and Bonpl. Green-fruited cultivars
accumulate sucrose to 118 micromoles per gram fresh weight
during the final stages of development, while Lycopersicon
esculentum Mill. Cultivars have less than 15 uymol/g of fresh
weight of sucrose at the ripe stage. In Lycopersicon hirsutum,
sucrose accumulates to approximately 118 pmol/g FW during
the final stage of fruit development, which is significantly
higher than in cultivated L. Esculentum. Glucose and fructose
levels remain relatively constant (22-50 pmol/g FW), while

Proliferation of non-vascular cells

v

Proliferation and reconnection of vascular cells (phloem,
xylem and cambium)

Fig. 2. Steps in graft healing (23-25).

starch content is low from early stages and decreases further as
development progresses.a decline in soluble acid invertase
activity coincides with increasing sucrose levels, whereas cell
wall-bound acid invertase activity remains stable (~3 pmol/g
FW/h). Sucrose phosphate synthase (SPS) activity, initially
moderate (~5 pmol/g FW/h), increases sharply (~40 pmol/g FW/
h) during later developmental stages. This increase in SPS
activity appears to be closely associated with enhanced
sucrose accumulation in L. Hirsutum fruit (35).

Solanum sisymbriifolium

Solanum macrocarpon and Solanum sisymbriifolium are the
wild species of brinjal and tomato, respectively, that are
subjected to different water stress conditions, such as 25 %, 50
% and 70 %. These wild species exhibit greater tolerance to
drought compared to cultivated species (12).

Shintoza (Cucurbita Maxima x Cucurbita Moschata)

Watermelon is one of the top cucurbitaceae crops that has
been propagated by grafting (8). Fusarium wilt in solanaceous
and cucurbits can be controlled by grafting (36). Cucurbita
lanatus var. citroides is used in grafting to reduce the infection of
root-knot nematode. C. maxima x C. moschatais mainly used as
a rootstock for melon grafting (37). C. maxima x C. moschata is
used as rootstock in watermelon grafting for high resistance to
Fusarium and to control the Verticillium wilt (38, 39). C. maxima x
C. moschata hybrid rootstock can be used in watermelon
production to control the Fusarium wilt. The survival ratio and
yield of crops are increasing when using shintoza (C. maxima x C.
moschata) as a rootstock in watermelon (40).

Solanum torvum

Bacterial wilt is a severe, yield-decreasing disease in brinjal
caused by Ralstonia solanacearum (41, 42). Solanum torvum
rootstock can be suitable to reduce the bacterial wilt disease in
tomato and brinjal plants (43, 44). The study found that iodine
application and grafting on S. torvum rootstock significantly
improved eggplant yield, with grafting having a more
substantial effect. Plants grafted onto S. torvum and self-
grafted plants increased their marketable yield by 53.0 % and
45.8 %, respectively, compared to ungrafted plants. Thus, both
iodine application and grafting improved eggplant yield, with
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grafting having a more substantial effect. lodine stress
tolerance in brinjal can be increased by grafting onto Solanum
torvum. Browning of brinjal flesh is decreased by grafting (4).

Pumpkin rootstock for cucumber grafting

Grafting cucumber onto pumpkin rootstocks enhances growth
and yield and helps mitigate biotic and abiotic stresses (45, 46).
Grafted cucumbers with pumpkin rootstock express the
salinity tolerance (45). The study examined the physiological
characteristics of cucumber plants and figleaf gourd plants,
with cucumber grafted onto figleaf gourd as rootstock. Results
showed that own-rooted figleaf gourd plants thrived at low
root temperatures, while cucumber plants suffered at
temperatures below 20°C. The study also discussed the
differences between scion leaves and rootstock roots at low
temperatures (47). A greenhouse experiment was conducted
using Cucumis sativus L. cv. Jinchun No. 2 as scion and
Chaofeng Kangshenwang and figleaf gourd as salt-tolerant
commercial rootstocks. It was found that salinity reduced
cucumber fruit yield; however, grafted plants produced a
higher number of fruits and a greater yield. Salinity improved
fruit quality by increasing dry matter, soluble sugar and
titratable acidity, but not vitamin C content (48).

Wild watermelon

Watermelon can be grafted onto bottle gourd or wild
watermelon (Citrullus lanatus var. citroides) rootstocks.
Grafting onto wild watermelon improves lycopene content in
watermelon fruits (21). Rootstocks have been found to
enhance post-harvest fruit quality and shelf life, suggesting
potential for improving melon fruit storage (37). Grafting
improves vyield in watermelon. Cucurbita hybrids are
commonly used as rootstocks in watermelon grafting. But
these rootstocks cause quality reduction. Grafting using citron
melon (Citrullus lanatus var. citroides) as a rootstock is an
alternative method to prevent quality loss in watermelon in
certain instances. Citron melon is a suitable rootstock for
enhancing nematode resistance and improving fruit quality,
which is a key limitation in traditional watermelon grafting (49).
Rootstocks influence lycopene accumulation in grafted
watermelon fruits. Bottle gourd and wild watermelon promote
lycopene accumulation by upregulating biosynthetic genes
and downregulating catabolic genes. Pumpkin does not affect
lycopene accumulation by upregulating both genes. This
rootstock-dependent characteristic offers an alternative model
for investigating lycopene metabolic regulation in grafted
watermelon fruits (21). Table 2. Represents the rootstocks of
wild species for disease tolerance/resistance.

Table 2. Rootstock of wild species for disease tolerant/resistance

Advantages of utilizing wild species in grafting

Soluble sugar content in ripe fruits of wild species is higher than
that of cultivated species. Salinity also increases sugar content,
with wild species experiencing a 1.3-fold increase and hybrids
experiencing a 1.7-fold increase. Higher fruit quality of wild
species may depend more on sucrose import during ripening
(51). Grafting is a method used to improve tomato plant
quality, which has been found to increase the soluble solids
content and titratable acidity, making it a quick and efficient
solution (52). Grafted plants show improved growth under heat
stress (53).

Disadvantages of utilizing wild species in grafting

Uneven emergence and seedling growth are the major limiting
factors when wild species are used for grafting. These issues
can lead to non-uniform plant development, reduced grafting
success and increased variability in field performance. Wild
species often exhibit dormancy, slow germination rates, or
weaker initial vigour compared to cultivated varieties, making
them more challenging to manage during nursery stages. Pre-
treatment methods are essential for effectively utilizing wild
species in grafting programs (11). Graft incompatibilities can
affect yield and plant longevity. Graft incompatibilities can lead
to poor vascular connection, reducing nutrient flow and overall
plant vigour. This often results in lower yields, early plant decline
and shorter plant lifespan. Ensuring rootstock-scion
compatibility is crucial for sustained productivity and graft
success (54). Temperature is a critical factor influencing graft
formation, as it affects callus development, vascular connection
and healing at the graft union. Optimal temperatures promote
faster and more successful graft union, while extreme heat or
cold can delay healing or cause graft failure. Maintaining suitable
temperature conditions during and after grafting is essential for
ensuring compatibility and plant survival (55).

Inability to manage some systemic diseases

Wild species grafting is not suitable for all vegetable crops.
Some vegetables either do not respond well to grafting or have
no compatible wild relatives that can be used as rootstocks
without introducing physiological or genetic incompatibilities.

Conclusion

Wild species grafting in vegetable production has shown
promise in enhancing plant resilience, disease resistance and
yield potential. Integrating wild species grafting into climate-
smart agriculture and precision farming could offer targeted

S.No Crop Wild species Resistance/tolerance traits References
Tomato Solanum. pimpinellifolium Tolerant to TYLCV (11)
Tomato Lycopersicon peruvianum Control of tobacco mosaic virus (50)
3. Tomato L. peruvianum Resistance to Tomato spotted wilt virus (50)
4. Tomato L. peruvianum Partial resistance to Clavibacter michiganensis (50)
5. Tomato L. peruvianum Low temperature tolerance (30)
L. cheesmanii,
6. Tomato L. peruvianum, Salt tolerance (50)
L. pennellii
7. Brinjal S. torvum Resistance to bacterial wilt (41)
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solutions for adapting to climate variability, optimizing
resource use and improving crop performance under stress
conditions such as drought, salinity and extreme temperatures.
However, further research is needed to understand long-term
impacts and effective techniques. Long-term impacts depend
on rootstock-scion compatibility, soil health, climate
adaptation. This could lead to the adoption of sustainable
agricultural practices, thereby contributing to global food
security and environmental sustainability.
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