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Abstract 
This review assesses the application of vegetable grafting for managing biotic and abiotic stresses in global agriculture. 
Vegetable grafting, a technique that unites rootstocks and scions, is effective in enhancing crop resilience to challenges such 
as flooding, soil-borne diseases (e.g., bacterial wilt, root-knot nematodes), and abiotic stresses like salinity and excessive 
temperatures. Originating in the 1920s with cucurbits, grafting has since been extended to solanaceous crops, including 
tomatoes and peppers. Grafting provides significant benefits, such as improved disease resistance, increased plant vigor and 
enhanced yield by 27-50% and fruit quality. However, the rapid evolution of plant pathogens and the complexity of abiotic 
stress resistance traits pose challenges. The effectiveness of rootstocks is threatened by these evolving pathogens, and the 
breeding of new rootstocks is hindered by the intricate genetic and physiological factors involved. The lack of specific markers 
for physiological traits complicates the selection process. It also included the methodology and timeline of grafting, which 
operates at different times with specific climates.  This review highlights the need for ongoing research and technological 
advancements to develop new rootstocks and optimize grafting techniques. It underscores the importance of breeding efforts 
and the development of genetic markers to streamline rootstock selection, thereby improving the resilience and productivity 
of vegetable crops in diverse environmental conditions. 
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Introduction 

Environmental factors exert varying timeframes of 
stress on crops. For instance, air temperature can 
become stressful within minutes, while soil water 
content issues may develop over days to weeks. Soil 
mineral deficiencies can take months to manifest. 
Abiotic stresses, such as temperature extremes (heat, 
cold, frost), water imbalances (drought, flooding, 
hypoxia), radiation (UV, ionizing radiation), chemical 
imbalances (mineral deficiencies or excesses, 
pollutants, heavy metals, pesticides), and mechanical 
factors (wind, soil movement, submergence), 
significantly impact agricultural productivity, 
accounting for over 50% reduction in crop yields [1]. 
Specifically, high temperatures, salinity, drought, and 
low temperatures contribute to 40%, 20%, 17%, and 
15% reductions, respectively [2]. Currently, only 9% 
of global land is ideal for crop cultivation, with the 
remaining 91% experiencing various stressors. In 
India, ICAR estimates (2015) indicate that 36.5% of 
the land area, or 120.8 million hectares, is degraded 

due to issues such as soil erosion, salinity, alkalinity, 
acidity, and waterlogging. The high market demand 
for vegetables and limited cultivated land expose 
solanaceous crops (tomato, brinjal, and chili) and 
cucurbits (cucumber, melon, and watermelon) to 
various unfavorable soil and environmental 
conditions, including thermal stress, water stress, 
salinity, and organic pollutants. 
Global climate change poses a significant abiotic 
threat to both plant and human health, with major 
implications for agricultural practices [3-5]. 
Addressing the challenge of increasing agricultural 
output amid climate change necessitates innovative 
approaches [6]. Environmental stressors are a leading 
cause of crop failures, typically resulting in a 50% 
reduction in yield [7]. Vegetables, being highly 
susceptible to a range of abiotic stresses such as 
drought, salinity, flooding, and extreme temperatures, 
are particularly vulnerable [6]. Key factors affecting 
vegetable yield include photoperiod reduction, water 
availability, and poor vernalization [8]. Globally, 
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approximately 392 vegetable species from 70 plant 
families and 225 genera are cultivated [9]. These 
vegetables are highly sensitive to climate change, 
which can impact them biochemically, anatomically, 
morphologically, and physiologically [10, 11]. While 
some metals and biochemicals, such as silicon and 
phenolic acids, can help alleviate stress [12], increased 
temperatures and humidity may exacerbate pest and 
disease pressures [13]. Food security is at risk due to 
changing climatic conditions, which directly or 
indirectly affect crop production [14]. For instance, 
elevated CO2 concentrations can enhance 
photosynthesis and growth in vegetable crops, such as 
grafted peppers, improving their acclimatization and 
growth rates [15,16]. Temperature fluctuations and 
irregular rainfall significantly impact vegetable crop 
growth and yield, making climate change a critical 
issue for vegetable production compared to other 
crops [17, 18]. Effective management of abiotic 
stresses is essential for sustaining vegetable 
production, with ongoing research into breeding and 
genetic engineering offering potential solutions, 
though commercialization has been limited by the 
complexity of stress resistance traits [19]. Traditional 
breeding methods, characterized by lengthy breeding 
cycles, progress at a slow pace [20]. In contrast, 
grafting: where a scion is grafted onto a compatible 
rootstock offers a more rapid and effective solution to 
environmental stress management. This technique 
involves attaching susceptible or sensitive cultivars to 
resilient rootstocks, enhancing stress tolerance [21-
23]. Grafting is a sustainable, efficient, and integrative 
process where both the scion and rootstock 
contribute to the overall resilience of the grafted plant 
[24]. Initially applied to watermelon in Japan, where 
it was used to combat Fusarium wilt by grafting onto 
pumpkin rootstocks, this method was traditionally 
associated with woody perennials but has gained 
prominence in managing soil-borne diseases in 
cucurbits [25, 26]. Today, grafting is extensively 
utilized by researchers to enhance environmental 
stress tolerance and improve yield and fruit quality in 
solanaceous and cucurbitaceous crops [27, 28]. It has 

become a prevalent practice in Asia, Europe, and the 
USA [29]. 

History 

Scientific vegetable grafting began in the late 1920s in 
Japan and Korea, where watermelon was grafted onto 
gourd rootstocks to manage soilborne diseases [30]. 
By the early 1930s, Japan had commercialized grafting 
watermelon onto bottle gourd (Lagenaria siceraria) 
and summer squash (Cucurbita moschata) to enhance 
resistance to Fusarium wilt [31]. In the 1950s, 
aubergine (Solanum melongena) was first grafted onto 
scarlet aubergine (Solanum integrifolium) [32]. The 
practice of grafting tomatoes (Solanum lycopersicum) 
began in the 1960s, driven by the high demand for 
grafted vegetables in East Asia, which remains the 
largest market for this technique [33]. 
In India, grafting research has been initiated by Dr. 
Bhatt and his team at the IIHR in Bangalore, with 
studies on brinjal grafting using Solanum nigrum as 
the rootstock at TNAU, Coimbatore. Additionally, 
cucurbit grafting at the NBPGR regional station in 
Thrissur, Kerala, achieved a 98% success rate using 
Momordica cochinchinensis as rootstock. 
CSKHPKV, Palampur, has also conducted grafting 
research on cucurbits and solanaceous crops, 
identifying over 22 rootstocks that provide resistance 
to bacterial wilt and nematodes. Private companies 
such as "VNR Seed Private Limited" and "Takii Seed 
India Private Limited" are now specializing in 
vegetable grafting and seedling supply [34]. 

Why graft? Top of Form 

Vegetable grafting, was initially employed to produce 
large gourds for rice storage [35], has evolved into a 
versatile technique used to manage soil-borne and 
foliar diseases, enhance plant vigor, extend harvesting 
periods, improve yield and fruit quality, and extend 
postharvest life across various countries. This method 
has become a distinctive cultural practice that reduces 
pesticide dependency, boosts yield and production 
efficiency, and enhances economic viability in both 
open-field and protected cultivation systems [36]. 
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Figure 1: Newly grafted cucumber (A&B) and tomato (C) at ICAR-IIHR developed Centre of Excellence (COE) on 

protected cultivation of horticultural crops, ICAR-IIHR, Bangalore 
 
In vegetable production, grafting merges the 
advantageous traits of two plants vigorously growing 
rootstocks and high-yielding scions to bolster crop 
resilience and productivity. Scientifically, grafting 
resists soil-borne pathogens, pests, and nematodes 
while improving tolerance to abiotic stresses such as 
drought, salinity, and extreme temperatures. It also 
enhances nutrient and water uptake, resulting in 
healthier plants and increased yields. Moreover, 
grafting reduces the reliance on chemical inputs, 
thereby supporting sustainable agricultural practices. 
By leveraging genetic synergy to optimize plant 
performance, vegetable grafting addresses essential 
challenges in contemporary horticulture. 

Purpose of Vegetable Grafting 

Tolerance to Soil-Borne Diseases 

Grafting is an effective strategy for managing soil-
borne diseases, such as Fusarium wilt in 
cucurbitaceous crops (e.g., cucumber, melon) and 
bacterial wilt in solanaceous crops (e.g., tomato, 
pepper). It is also useful against phytophthora blight 
in various crops [32, 37]. This technique provides a 
rapid and efficient means of controlling Fusarium 
oxysporum f.sp. melonis races 1 and 2 in melon [38]. 

Increased Plant Vigor 

Grafted plants generally exhibit greater vigor 
compared to non-grafted plants. This is due to the 

more robust root systems of selected rootstocks, 
which enhance the absorption of water and nutrients. 
As a result, irrigation and pesticide applications can 
be reduced, as observed in grafted cucumber plants 
[39]. 

Enhanced Yield Performance 

Grafting has been employed to improve crop yields in 
soils with suboptimal productivity. Research from 
Korea and Japan demonstrated that grafted tomato, 
melon, pepper, eggplant, and watermelon plants 
produced 25 to 50 percent higher yields compared to 
non-grafted counterparts. Similar yield increases have 
been reported in watermelon, cucumber, melon, 
pepper, and eggplant [33, 40, 41]. 

Improvement of Qualitative and Quantitative 
Traits 

The root system plays a significant role in determining 
the quality of fruit produced. Grafting eggplants onto 
Solanum torvum has been shown to increase fruit size 
without compromising quality. The choice of 
rootstock can affect various quality attributes, 
including sugar content, flavor, colour, carotene 
levels, and texture [42, 43]. Quality characteristics 
such as fruit shape, skin colour, smoothness, and 
soluble solids concentration are influenced by the 
rootstock, which translocates essential solutes 
through the scion via the xylem [44]. 

 
Table 1: Standardized grafting techniques at Indian Institute of Horticulture 

Scion plant Rootstock Method of grafting 
Eggplant Solanum torvum Tongue and cleft method 

 Solanum sissymbrifolium Cleft method 
 Solanum khasianum Both tongue and cleft methods 

Tomato Solanum pimpinellifolium Cleft method 
 Solanum nigrum Tongue and cleft methods 

Sweet pepper Capsicum annum Splice grafting 
Cucumber Cucurbita moschata Hole insertion and tongue method 

 Cucurbita maxima Tongue method 
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 Cucurbita ficifolia Hole insertion and tongue method 
Watermelon Benincasa hispida Hole insertion and tongue method 

 C. moschata Hole insertion and tongue method 
 C. melo Cleft method 
 C. moschata × C. maxima Hole insertion method 
 Lagenaria siceraria Splice grafting 
 Sicyos angulatus Hole insertion and cleft method 

Bitter gourd C. moschata Hole insertion and tongue method 
 Lagenaria siceraria Hole insertion method 

Bottle gourd C. moschata, Luffa sp. Hole insertion and tongue method 
Pak-Choi R. sativus var. longipinnatus Splice grafting 

 
Prerequisites for Grafting 

1. Choice of Rootstock and Scion: Ensure the 
rootstock and scion are compatible for successful 
grafting. 

2. Grafting Tools: Utilize various tools such as 
grafting clips, tubes, pins, and blades to aid in the 
grafting process. 

3. Screening House: Use a controlled environment 
to cultivate seedlings before they undergo grafting. 

4. Healing Chamber: Maintain a temperature of 28-
29°C, relative humidity of 90-95%, and complete 
darkness for the initial 1-2 days to support callus 
development and acclimatization of the grafted 
seedlings over a period of 5-7 days. 

Steps in Grafting 

1. Selection of Rootstock and Scion Species: 
Choosing appropriate rootstock and scion species 
is crucial for successful grafting. The compatibility 
between the two is essential for establishing a 
healthy graft union. 

2. Creation of a Graft Union: This involves 
physically aligning and joining the rootstock and 
scion. The graft union is created by making 
precise cuts on both the rootstock and scion to 
ensure a successful union. 

3. Healing of the Union: After creating the graft 
union, it must heal properly. This step involves 
maintaining appropriate conditions to promote 
the formation of vascular connections between 
the rootstock and scion. 

4. Acclimatization of the Grafted Plant: Once the 
graft has healed, the grafted plant is gradually 
acclimated to its environment to ensure it can 
thrive. 

Grafting Methods 

Grafting methods vary based on factors such as the 
number of grafts, the purpose of grafting, labour 
availability, and access to machinery and 
infrastructure [36]. 

Tongue/Approach Grafting 

This method involves using rootstock and scion of 
similar size. Scion seeds are planted 5-7 days prior to 
rootstock seeds to achieve synchronized growth. The 
grafting cut is made at a 30–40° angle relative to the 
perpendicular axis. Often, one cotyledonary leaf is 
removed to avoid crowding. The scion is inserted into 
the rootstock, and specially designed grafting clips 
secure the union [41]. 

Cleft/Apical/Wedge Grafting 

In cleft grafting, the lower stem of the scion is cut at a 
slant to form a wedge. This wedge is inserted into a 
split made in the rootstock, and a clip is used to hold 
the scion and rootstock together [32]. This method is 
particularly common for solanaceous crops. 

Hole/Top Insertion Grafting 

This method is often used for grafting watermelon 
due to the smaller size of watermelon seedlings 
compared to the larger rootstocks like bottle gourd or 
squash. Optimal temperatures of 21-36°C are 
required during transplanting to ensure successful 
grafting. This technique is widely practiced in China 
[45]. 

Splice Grafting/Tube Grafting/One 
Cotyledon Splice Grafting 

Splice grafting involves making a slanted cut (35–45°) 
on the rootstock to remove the growth point and one 
cotyledonary leaf. A prepared scion is then matched 
to this cut. This method is extensively used by 
commercial producers for cucurbit and solanaceous 
crops [41]. 

Pin Grafting 

Pin grafting employs specially designed pins to hold 
the grafted position instead of traditional grafting 
clips. The Takii Seed Company in Japan has 
developed ceramic pins with a hexagonal cross-
section, measuring 15 mm in length and 0.5 mm in 
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width. This method reduces time and effort as the 
pins do not need to be removed like clips [41]. 

Mechanical Grafting 

Grafting machines and robots are increasingly used in 
modern grafting procedures. The first robotic 'one-
cotyledon grafting method' for cucurbit vegetables was 
developed by Iam Brain in Japan during the 1980s, 
with prototypes created in 1987 and modified in 
1989. This automated method allows for a transplant 
to be completed in 4.5 seconds with a 95% success 
rate [46]. 

Post-Graft Healing Environment 

The success of grafting is significantly influenced by 
the maintenance of the grafted plants in their initial 

stages. During the first two days post-grafting, scions 
are highly susceptible to water loss, which can lead to 
wilting and potentially cause graft failure. To mitigate 
this risk, it is essential to maintain high humidity 
levels to prevent excessive water loss, ideally ensuring 
that it does not exceed 5% [47]. To enhance humidity, 
grafted plants should be covered with a black plastic 
sheet for 5-7 days after grafting. This practice helps to 
maintain moisture, reduce light intensity, and 
facilitate the healing process. Additionally, during the 
healing phase, it is crucial to protect the grafted 
plantlets from direct sunlight to prevent stress and 
promote successful graft union formation. 

 

 
Figure 2: Grafting timeline for vegetable crops 

 
Cucurbitaceae 

The practice of grafting cucurbitaceous crops began in 
the 1920s, with Cucurbita moschata used as a rootstock 
for watermelon. In Greece, grafting has emerged as a 
viable alternative to methyl bromide for managing 
soil-borne diseases in cucumbers. Among the various 
soil-borne diseases affecting cucurbit crops, Fusarium 
wilt, caused by Fusarium oxysporum, is one of the most 
widespread and damaging [26]. At the genetic level, 
microRNAs (miRNAs) play a crucial role in regulating 
plant growth and development, and they exhibit 
specific responses to various environmental stresses. 
According to Li et al. [48], when watermelon (Citrullus 
lanatus) was grafted onto bottle gourd (Lagenaria 
siceraria) or squash (Cucurbita maxima × Cucurbita 
moschata) rootstocks, the expression of over 40 
miRNAs was altered. Further investigations into the 
molecular mechanisms of 17 selected miRNAs in 
grafted cucumber plants under drought stress were 
conducted using pumpkin (Cucurbita moschata) 
rootstock. The study, which involved mini-

watermelon cv. Ingrid grafted with rootstock ‘PS 
1313’ (Cucurbita maxima × Cucurbita moschata), found 
that the grafted plants had improved yield, nutritional 
content, and fruit quality compared to non-grafted 
plants. However, there was no significant difference 
in gas exchange and leaf water relations between 
grafted and non-grafted plants. Despite similar water 
stress sensitivity, grafted plants achieved a higher 
marketable yield. This research highlighted the 
benefits of rootstock ‘PS 1313’ and supported the 
broader recommendation of using grafted rootstocks, 
particularly under drought conditions, to manage 
drought stress [49]. Additionally, another study 
comparing drought-tolerant rootstocks for 
watermelon found that wax gourd was superior to 
bottle gourd in drought-prone environments [50]. 

Cucurbita spp 

The genus Cucurbita encompasses several widely used 
rootstocks, including those for watermelon, bottle 
gourd, and cucumber. Interspecific crosses within this 
genus are an effective method for developing novel 
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genotypes that combine desirable traits from different 
parent species. Cucurbita maxima serve as a valuable 
bridge for cross-species grafting due to its 
compatibility with various Cucurbita species. Cucurbita 
moschata is noted for its resilience to both biotic and 
abiotic stresses [51]. Grafting melons and 

watermelons onto hybrid Cucurbita rootstocks has 
been shown to reduce the incidence of Fusarium wilt 
and improve yields [52]. Additionally, grafted 
watermelons demonstrate enhanced resistance to 
Verticillium wilt [53]. 

 
Table: 2 

Rootstock Scion Biotic stress resistance 
C. maxima × C. 

moschata 
Cucumber, Melon, 

Watermelon 
Fusarium wilt 

Fig leaf gourd Cucumber, Melon Fusarium wilt, Phytophthora and RKN 
Luffa cylindrica Cucumber RKN 
Burr cucumber Cucumber Fusarium wilt and nematode resistance, low-temperature 

tolerance 
Cucurbita ficifolia Cucumber, Watermelon Fusarium wilt 
Cucumus pustules Cucumber Fusarium wilt and RKN 

 
Bottle Gourd (Lagenaria siceraria) 

Since the 1920s, Lagenaria siceraria (bottle gourd) has 
been employed as a rootstock in grafting. Screening of 
bottle gourd germplasm collections has identified 
several accessions with notable tolerance to various 
stresses, including flooding, powdery mildew, 
whitefly, zucchini yellow mosaic virus, Fusarium wilt, 
Verticillium wilt, and other soil-borne diseases [54, 
41]. Due to quality concerns associated with 
Cucurbita spp. and their interspecific hybrids, L. 
siceraria has become a preferred rootstock, especially 
for watermelon. L. siceraria is effective in managing 
soil-borne diseases and tolerating low soil 
temperatures [55]. Evaluations of rootstock potential 
have assessed graft compatibility, plant growth, and 
resistance to Fusarium wilt, leading to the selection of 
several promising accessions [54]. Furthermore, bottle 
gourd rootstocks have been found to effectively 
control Verticillium wilt in watermelon [53]. 

Cucumis spp 

Lagenaria siceraria has been suggested as a rootstock 
for cucumber, melon, and watermelon to manage 
root-knot nematodes and Fusarium wilt [56]. 
Additionally, Cucumis melo rootstocks offer an 
alternative to Cucurbita genotypes for providing 
resistance to Fusarium wilt, nematodes, 
Monosporascus root rot, and vine decline, while 
enhancing marketable yield without compromising 
fruit quality [57]. Among Cucumis species, Cucumis 
metuliferus stands out as a particularly promising 
rootstock. Melons grafted onto C. metuliferus 
accessions show resistance to nematodes [58]. 
Cucumis sativus var. hardwickii has also been 
evaluated as a rootstock for cucumbers [59]. 
Furthermore, Cucumis ficifolius, C. zeyheri, C. 
africanus, C. anguria, and C. myriocarpus are among 
the Cucumis species that provide resistance to 
nematodes and/or Fusarium wilt [60]. 

 
Table 3 

Rootstock Scion Biotic stress Resistance 
Cucumis pustulatus Melon, Cucumber, 

Watermelon 
Fusarium wilt, RKN 

CNPH 01-962 and CNPH 01-963 C. melo subsp. melo Melon RKN 
C. melo Cucurbita Monosporascus root rot 

C. metuliferus Melon, Cucumber RKN 
C. ficifolius, C. zeyheri, C. africanus, C. anguria and and C. 

myriocarpus 
Melon, Cucumber Fusarium and RKN 

Pumpkin, squash, fig leaf gourd, cucumber, bottle 
gourd 

 

Melon Fusarium wilt, Gummy Stem 
blight 

Cucurbita martinezi Melon Powdery mildew, verticilium 
wilt 
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Momordica charantia Melon RKN 
C. sativus var hardwickii Cucumber, Melon Fusarium wilt, RKN 

 
Watermelon (Citrullus lanatus) 

The citron (Citrullus lanatus var. citroides) has 
emerged as a promising rootstock for watermelon due 
to its lower susceptibility to galling compared to 
Cucurbita hybrids and bottle gourd rootstocks [61]. It 

is particularly effective in managing root-knot 
nematodes and enhancing resistance to Fusarium wilt 
in watermelon scions [52]. Recent screenings of 
foreign Citrullus collections and their horticultural 
evaluations have identified novel and potentially 
valuable rootstock sources for watermelon [62]. 

 
Table 4 

Rootstock Scion Biotic stress resistant 
C. lanatus var. citroides Watermelon RKN 

Citron Watermelon Fusarium wilt 
Pumpkin (Cucubita moschata) Watermelon RKN, Fusarium wilt 

Bottle gourd Watermelon Fusarium spp. 
Squash (Cucurbita moschata) Watermelon Fusarium wilt 

Cucumis metuliferus Watermelon RKN 
Pumpkin Watermelon Successful grafting 
B. hispida Watermelon Fusarium spp., Verticillium spp. and nematodes 

 
Solanaceae 

The practice of grafting within the Solanaceae family 
began in the 1950s with the grafting of eggplant 
(Solanum incanum) onto scarlet eggplant (Solanum 
integrifolium) [32]. Today, tomato, eggplant, and 
pepper are among the most frequently grafted 
solanaceous crops. Similar  to cucurbits, the 
primary motivation for grafting these crops is to 
enhance resistance to soil-borne diseases and 
nematodes [63]. 

Solanum lycopersicum 

Among the genus Solanum, rootstocks derived from 
Solanum lycopersicum (tomato) are extensively 
utilized, with Solanum species also commonly used 
for eggplant rootstocks [64]. Interspecific hybrids used 
as rootstocks can enhance fruit quality by increasing 
the accumulation of macro and microelements, 
phenolic compounds, vitamin C, lycopene, and 
flavonoids in the fruit of grafted plants [65]. In a 2015 
study conducted by Bahadur et al., tomato hybrids 
such as Arka Rakshak and Arka Samrat were grafted 
onto various eggplant rootstocks (IC-354557, IC-
111056, IC-374873, and CHBR-2) and subjected to 

waterlogged conditions. The results showed that these 
grafted plants did not exhibit symptoms of leaf 
chlorosis or wilting, and there was a minimal decrease 
in chlorophyll levels throughout all stages of growth.  
Different tomato cultivars and rootstocks have shown 
diverse physiological responses. Rivero et al. [66] 
reported that tomato cv. RX-335 exhibited increased 
PAL activity and elevated levels of total phenols and 
o-diphenols, but also decreased PPO and GPX 
activity, and reduced dry weight. Bloom et al. [67] 
found that grafted tomato cv. LA1778 maintained 
root hydraulic and stomatal conductance. Zhou et al. 
[68] noted that grafting cucumber cv. Jinyan No. 4 
onto Figleaf Guard (Cucurbita ficifolia) resulted in 
less reduction in carboxylation and RuBisCO activity, 
enhancing CO2 assimilation. Venema et al. [69] 
observed that grafting tomato cv. Moneymaker with 
Solanum habrochaites LA1777 increased root mass 
ratio and total leaf carbon concentration. The grafted 
tomato cv. UC 82-B with eggplant cv. Black Beauty 
had larger leaf area, higher leaf fresh and dry weight, 
increased chlorophyll fluorescence, and more pollen 
grains per flower [70]. 

 
Table 5 

Rootstock Scion Biotic stress resistance 
Jimson weed (Datura stramonium L.) Tomato RKN 

Maxifort’ (S. lycopersicum × S. 
habrochaites) 

Tomato Fol races 1 and 2 and crown rot 

CRA 66 or Hawaii 7996 Heirloom tomatoes Fusarium wilt 
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Solanum pimpinellifolium, S. pennellii, S. 
Chilense 

Tomato Tomato yellow leaf curl virus 

Capsicum annuum (Chilli) Tomato Phytophthora blight, bacterial wilt 
S. melongena (Brinjal) Tomato Bacterial wilt 

S. lycopersicum Tomato Vertcilium wilt 
Capsicum chacoence (Chilli) Tomato RKN 

EG195 and EG203 Tomato Fusarium wilt 
German Johanson GRA 66 TSWV 

Solanum torvum Kashi Aman, Kashi Vishesh and 
Hissar Lalit 

RKN 

BN10-2 Hawai-7996 Arkasamrat Bacterial wilt, Rkn 
Beufort, Maxifort, Big power, 

Robusta, RST-04-10 
Tomato TMV, Corky Root, Fusarium Wilt, 

Verticillium Wilt, RKNp 
 
Solanum melongena 
Aubergine (Solanum melongena) and its wild relatives 
are commonly used as rootstocks for both tomato and 
aubergine cultivation. In certain conditions, S. 
melongena can serve as an alternative rootstock for 
tomatoes, providing resistance to bacterial wilt 
(Ralstonia solanacearum) [71]. Solanum torvum, a 
wild species native to India and closely related to 
cultivated aubergine, is also utilized as a rootstock due 
to its resistance to various soil-borne diseases, 
including root-knot nematodes [72] and bacterial wilt 

[73]. Recently, the AVRDC has suggested the 
rootstock VI006378 for enhancing flood tolerance in 
tomatoes for East Asia. For eggplants, the 
recommended rootstocks are VI045276, VI046103, 
VI034845, VI046104, and VI046101 [74]. 
Rootstocks from Solanum aethiopicum have been 
shown to improve fruit set, quantity, and mass in 
tomato scions, as well as enhance disease resistance 
and extend fruit shelf life. However, they do not affect 
Brix or acidity levels [71]. Additionally, accessions of 
S. aethiopicum have demonstrated resistance to three 
tobacco viruses and pepper mild mottle virus [75]. 

 
Table 6 

Rootstock Scion Biotic stress resistance 
S. Melongena Brinjal, Tomato Bacterial Wilt, Corky root rot 

S. torvum Brinjal, Tomato Soil born and RKN 
S. aethiopicum Brinjal Tobacco viruses, Fusarium wilt 
S. aethiopicum Chilli Pepper mild mottle virus 

EG195 and EG203 Brinjal Bacterial wilt, RKN 
Jimson weed (Datura stramonium L.) Brinjal RKN 

Wild brinjal M-9 Brinjal Bacterial wilt 
 
Capsicum annuum 
Cultivars and intraspecific hybrids of Capsicum 
annuum are commonly used as rootstocks for pepper 
scions. However, accessions from other Capsicum 
species, such as C. baccatum, C. chinense, and C. 
frutescens, as well as their hybrids with C. annuum, 
have also been evaluated for their suitability as 
rootstocks [36]. Penella et al. [76] investigated the 
water stress responses of different pepper cultivars, 
specifically Capsicum annum L. cv. Verset and 
Capsicum annum L. cv. Atlante, PI-15225, and ECU-
973. Their study found that these cultivars 
demonstrated efficient osmotic adjustment under 
water stress conditions. This adaptation enabled the 
peppers to maintain optimal functionality of their 

photosynthetic machinery despite the lack of water. 
The ability to regulate osmotic pressure effectively 
helps these cultivars sustain photosynthesis and 
overall plant health, highlighting their potential 
resilience and adaptability to challenging 
environmental conditions. Genotypes of C. annuum 
and C. frutescens exhibit moderate to high resistance 
to Meloidogyne incognita and Meloidogyne javanica, 
but they are highly sensitive to Meloidogyne 
enterolobii [77]. Conversely, C. baccatum has been 
tested for graft compatibility and resistance to 
Meloidogyne nematodes, showing potential for 
effective use as a rootstock [78]. Additionally, C. 
frutescens genotypes have been employed as 
rootstocks for sweet peppers and demonstrated good 

https://bioresscientia.com/
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resistance to M. incognita [77]. C. chinense genotypes 
are also currently being explored for their rootstock 
potential. 
 
Table 7 

Rootstock Scion Biotic stress resistance 
C. annum Chilli F. oxysporum, M. incognita and M. javanica 
SCM334 Chilli Root rot, Wilt 

C. baccatum Chilli M. javanica 
C. frutescent Chilli M. incognita 

PR 920, PR 921, PR 922 Nokkwang Phytophthora blight, Bacterial wilt 
Arka Harita Chilli Phytophthora root rot, RKN 
Arka Mohini Chilli Bacterial Wilt 

 
Challenges in Grafting 
1. Lack of Knowledge: Farmers in remote areas may 

lack sufficient information about rootstock-scion 
compatibility, impacting their ability to effectively 
utilize grafting techniques. 

2. Limited Adoption: While greenhouse 
hydroponic tomato producers are currently the 
primary users of grafted seedlings, open-field 
vegetable growers often remain unfamiliar with 
grafting procedures. 

3. Synchronization Requirements: Successful 
grafting requires precise synchronization between 
rootstocks and scions, along with high 
germination rates and successful establishment 
post-transplantation. Achieving these conditions 
consistently can be challenging. 

4. Environmental Control: Optimal graft 
establishment demands controlled temperature, 
humidity, and light conditions during the post-
grafting phase, which can be difficult to maintain 
in open-field environments. 

5. Handling and Vulnerability: Newly grafted 
seedlings are delicate and susceptible to diseases 
and pests, making their handling and care a 
significant challenge. 

6. Need for Skilled Personnel: The grafting process 
requires trained professionals to ensure success. 
The scarcity of skilled staff, particularly in rural 
areas, poses a substantial obstacle. 

7. Time Consumption: Grafting is a labor-intensive 
propagation method, which can be time-
consuming and resource-demanding. 

8. Consistency in Production: Large-scale growers 
often face difficulties in achieving uniform 
production of high-quality rootstocks, which can 
hinder overall grafting success. 

 

Conclusion 
The grafting genetically diverse vegetable crops 
presents a promising approach for mitigating 
environmental stressors in the face of climate change. 
To fully realize the benefits of grafting, future research 
should focus on evaluating diverse germplasm for 
viable rootstocks and developing automated grafting 
systems that enhance scalability and accessibility. Key 
factors such as scion-rootstock compatibility, 
geographical conditions, and the interplay between 
shoot and root systems must be carefully considered. 
Advancements in grafting technology can make this 
technique more economically feasible and integral to 
modern vegetable production, helping farmers adapt 
to climate change and promote sustainable 
agricultural practices worldwide. 
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