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Exploiting potential Solanum rootstocks for the management of Meloidogyne incognita in tomato through grafting

ABSTRACT
Meloidogyne incognita is one of the major constraints in tomato production, leading to significant losses in both yield and fruit quality. To manage this pest, farmers mostly rely on the chemical nematicides that are hazardous to flora and fauna. In addition, nematicides are also known to increase the cost of production. In this context, grafting has emerged as a sustainable alternative approach for the management of M. incognita in tomato, offering an effective and eco-friendly alternative. In this study, two M. incognita resistant Solanum species, S. torvum and S. lycopersicum cv. Hisar Lalit were taken as rootstocks for grafting purpose. The susceptible tomato cultivars, Arka Samrat and Dona-55 were taken as scions for their popularity and acceptance among the farmers of Assam and grafted onto the resistant rootstocks by using cleft grafting method. Among the combinations tested, Arka Samrat grafted onto S. torvum recorded the highest graft success (67.90%), followed by Dona-55 grafted onto S. torvum (66.66%). Arka Samrat and Dona-55 grafted onto S. torvum exhibited a significant reduction in the number of galls, egg masses per root system, final nematode population and reproduction rate along with an increase in the number of fruits per plant, fruit weight and total fruit yield per hectare compared to Arka Samrat and Dona-55 grafted onto S. lycopersicum cv. Hisar Lalit. Delayed flowering and fruiting were observed in grafted plants as compared to non-grafted ones. This delayed flowering in grafted plants was found to be of advantage as it led to increased yield.
Keywords: Solanum species - Resistance - Rootstocks - Root-Knot Nematode Index
1. INTRODUCTION
	Tomato (Solanum lycopersicum L.), belonging to the Solanaceae family, is an extensively cultivated vegetable crop worldwide due to its economic importance, nutritional value and wide adaptability to diverse agro-climatic conditions (Maurya et al., 2025; Ahmed et al., 2026). After potato, Tomato is the second most important vegetable crop in the world (Athulya et al., 2023; Das et al., 2024). They are considered rich source of essential nutrients, including vitamins A and C, potassium and antioxidants such as lycopene (Collins et al., 2022). These characteristics make tomatoes a staple in various culinary traditions worldwide.
Globally, tomato production is vital for food security and economic stability, with millions of farmers relying on it as a primary source of income. The global tomato production has reached 188.5 million tonnes in 2024, cultivating across an area of 5.12 million hectares with an average yield of 36.8 tonnes per hectare (FAO, 2026). The current tomato production in India is approximately 20.60 million tonnes in 2024-25, cultivated across an area of 0.81 million hectares with a productivity of 25.43 tonnes per hectare (Ministry of Agriculture and Farmers Welfare, 2026). In Assam, tomato production is estimated to reach around 396.024 thousand MT, grown across an area of 18.28 thousand hectares (Sarmah et al., 2024).
Despite their importance, tomato plants are attacked by a wide range of pests (Sadashiva et al., 2017; Das et al., 2024). Meloidogyne incognita is one of the most destructive plant-parasitic nematodes (PPN) which causes considerable yield losses in crops worldwide (Tapia-Vázquez et al., 2022; Khan et al., 2023; Das et al., 2024). Use of chemical nematicides is the most common management practice adopted by farmers in fields infested with M. incognita to reduce crop losses (Das et al., 2024). However, the use of nematicides can have adverse effects on the environment, contributing to environmental pollution and posing health hazards (Tapia-Vázquez et al., 2022; Das et al., 2024). The use of resistant cultivars offers a sustainable alternative (Forghani and Hajihassani, 2020; Polimera et al., 2022; Das et al., 2024), but the availability of tomato cultivars with resistance to M. incognita remains limited, restricting the widespread adoption of resistant cultivars for the management of this destructive root-knot nematode species (Saucet et al., 2016; Das et al., 2024). Of late, grafting has gained attention as an effective technique that offers a practical strategy for the management of M. incognita (Thangamani et al., 2018; Phani et al., 2024). Currently, grafted plants contribute nearly 20-40% of global tomato production (Phani et al., 2024). 
Considering these aspects, the present investigation was carried out to use the M. incognita resistant rootstocks, assess the grafting compatibility between the resistant rootstocks and susceptible tomato cultivars that are popular and widely accepted by the farmers and estimate the yield performance of the grafted plants in the field.
2. MATERIALS AND METHODS
The experiment was conducted during 2023 at the Experimental Farm of the Department of Horticulture, Assam Agriculture University, Jorhat. The study aimed to evaluate the compatibility of selected resistant Solanum rootstocks with susceptible tomato cultivars through grafting and to assess their effectiveness in managing M. incognita under field conditions.
Two resistant rootstocks, Solanum torvum and S. lycopersicum cv. Hisar Lalit, which showed resistant reactions against M. incognita were selected based on earlier screening trial conducted by Das et al. (2024). The highly susceptible tomato cultivars namely, Dona-55 and Arka Samrat were selected as scions for their acceptability and popularity among the farmers of Assam. The seeds were soaked in gibberellic acid (GA3) solution @ 100 ppm for 24 hours prior to sowing to promote good and early germination. The seeds of the rootstocks were sown 4 weeks before sowing the seeds of the scions. Seedling were raised in plastic pro-trays filled with a mixture of coco-peat and vermicompost in 1:1 ratio and later transplanted into polybags. 
The scions, Dona-55 and Arka Samrat were grafted onto the rootstocks, S. torvum and S. lycopersicum cv. Hisar Lalit adopting cleft grafting technique in different combinations. At the time of grafting, the rootstock seedlings attained 4-5 leaf stage (50-60 days), while scion were at the 2-3 true leaf stage (20-25 days). Grafting was performed by cutting the scions and rootstocks at an angle of 450 and joining them with grafting tapes. The following formula was used to estimate the rate of success (%):
Graft success (%) = (Successful grafted seedlings / Total number of seedlings grafted) × 100
For the field evaluation, two weeks old grafted plants were used. A rectangular, medium-upland plot of land infested with M. incognita was selected for the study. Before preparing the layout of the experiment, initial population of M. incognita juveniles (J2) in the soil was recorded, which was found to be 245 J2 /200 cc of soil. The experiment was arranged in a randomized block design (RBD) with 6 treatments and 4 replications each.
Details of the treatments are as follows:
T1= S. lycopersicum cv. Dona-55 grafted onto S. torvum
T2= S. lycopersicum cv. Dona-55 grafted onto S. Lycopersicum cv. Hisar Lalit 
T3= S. lycopersicum cv. Arka Samrat grafted onto S. torvum
T4= S. lycopersicum cv. Arka Samrat grafted onto S. lycopersicum cv. Hisar Lalit 
T5= S. lycopersicum cv. Dona-55 (scion-1)
T6= S. lycopersicum cv. Arka Samrat (scion-2)
Field operations like weeding, application of manure, fertilizers, insecticides, irrigation and harvesting were carried out according to package of practices given by AAU, Jorhat. Observations were recorded on plant growth parameters like days to flowering and fruiting, fruits per plant, fruit yield per plant (kg), average fruit weight (g), total fruit yield (q/ha), and nematode related traits including number of galls, egg masses, rate of reproduction and final nematode population. Furthermore, plant height (cm) was recorded at 30, 60 and 90 days after planting (DAP).
The collected data were analysed statistically using Fischer's method of analysis of variance. Significance of variance among the data were determined by calculating the "F" value and comparing it with tabulated value of "F" at 5% level of probability. Additionally, the mean comparison were performed by calculating critical difference (CD) at 5% probabilities by using Duncan's multiple range test (DMRT).
3. RESULTS AND DISCUSSION
As far as grafting percentage (Table 1) is concerned, the highest success rate was observed in S. lycopersicum cv. Arka Samrat grafted onto S. torvum (67.90%) followed by, S. lycopersicum cv. Dona-55 grafted onto S. torvum (66.66%). Whereas, the least success rate was recorded on S. lycopersicum cv. Arka Samrat grafted onto S. lycopersicum cv. Hisar Lalit (59.52%). Kumar et al. (2017) observed compatibility rates of 67.50% and 66.50% when tomato cultivars Pusa hybrid-6 and Pusa Shyamala were grafted onto rootstock, S. torvum. Polimera et al. (2022) also recorded success rates of 65.29% and 63.88% in brinjal hybrids Liliya and Kokila grafted onto rootstock, S. torvum respectively. These findings align with those of the present investigation.
Table 1. Success rate of grafting tomato hybrids on Solanum rootstocks (%)
	Tomato Hybrids
	Solanum Rootstocks

	
	Solanum torvum
	Hisar Lalit
	Mean (%)

	Dona-55
	66.66
	60.60
	63.63

	Arka Samrat
	67.90
	59.52
	63.71

	Mean (%)
	67.28
	60.06
	63.67


The results of the field experiment reveal that there were notable differences in plant heights (Table 2) among the various treatments throughout the observation periods at 30, 60 and 90 DAP. Grafted plants consistently showed higher rates of growth as compared to non-grafted ones. The maximum plant heights were observed in T3 (S. lycopersicum cv. Arka Samrat grafted onto S. torvum) at 30 DAP (39.71 cm), 60 DAP (63.56 cm) and 90 DAP (93.36 cm). Conversely, the minimum plant heights were recorded in T6 (non-grafted plant Arka Samrat) at 30 DAP (30.41 cm), 60 DAP (54.61 cm) and 90 DAP (83.67 cm). The reduction in plant growth in non-grafted plants can be attributed to the hindered absorption of water and nutrients from the soil through the vascular tissues that have been disrupted due to severe galling by M. incognita. These findings are in line with the works conducted by Jones et al. (2013), Karssen et al. (2013) and Kepenekci et al. (2018). The robust root system of the rootstock can absorb more water and nutrients from the soil than the root system of the scion leading to better growth of the grafted plants (Young, 1989). Similarly, Lee (1994) and Ioannou (2001) observed better plant growth and vigour in grafted plants in comparison to non-grafted plants.
Table 2. Plant height in grafted and non-grafted plants
	Treatments
	Plant height (in cm)

	
	30 DAP
	60 DAP
	90 DAP

	T1
	38.02
	60.41
	93.35

	T2
	35.24
	58.59
	88.37

	T3
	39.71
	63.56
	93.36

	T4
	35.94
	59.98
	90.80

	T5
	32.99
	56.74
	86.94

	T6
	30.41
	54.61
	83.67

	S.Ed (±)
	1.39
	2.34
	2.06

	CD0.05
	2.96
	4.98
	4.39


Data regarding days to flowering and fruiting reveals that non-grafted plants flowered and yielded fruits early as compare to the grafted ones (Table 3). Among the grafted plants, the shortest days to flowering (50.50) and fruiting (65.75) was observed in T2 (S. lycopersicum cv. Dona-55 grafted onto Hisar Lalit). While, the longest days to flowering (56.75) and fruiting (67.25) was recorded in T3 (S. lycopersicum cv. Arka Samrat grafted onto S. torvum). The establishment of a proper graft union between the rootstock and scion, which is crucial for transporting nutrients from the root system to the upper parts was delayed by approximately a week in grafted plants. This delay in graft union led to a postponement in flowering and fruiting in the grafted plants. Furthermore, due to this delay in graft union, the scions of grafted plants required more time to flower and produce fruit (Rahman et al., 2002). Similar results of delayed flowering and fruiting in grafted plants were reported by Matsuzoe et al. (1993) in tomato, Suthar et al. (2005) and Polimera et al. (2022) in brinjal.
Table 3. Days to flowering and fruiting in grafted and non-grafted plants
	Treatments
	Days to

	
	Flowering
	Fruiting

	T1
	51.50
	65.75

	T2
	50.50
	65.75

	T3
	56.75
	67.25

	T4
	52.25
	66.75

	T5
	49.50
	65.00

	T6
	45.75
	62.25

	S.Ed (±)
	0.70
	0.95

	CD0.05
	1.49
	2.03


Yield-related traits such as the number of fruits per plant, average fruit weight and fruit yield consistently showed higher values in all treatments with grafted plants compared to those with non-grafted plants (Table 4). Among the treatments, the combination of Arka Samrat grafted onto S. torvum (T3) produced the maximum number of fruits per plant (20.50) with the highest recorded fruit weight (118.38 g). On the other hand, T5 (non-grafted Dona-55) produced the lowest number of fruits (11.00) and the lowest fruit weight (82.66 g) was observed in T6 (non-grafted Arka Samrat). The notable increase in marketable fruits in the grafted plants as compare to non-grafted ones can be attributed to the utilization of robust rootstocks that contributed to an enhancement in cytokinin content within the scion which in turn, resulted in a greater fruit load on the plants. These findings align with the conclusions drawn from the experiments conducted by Leal-Fernández et al. (2013) in sweet pepper; Rahmatian et al. (2014) in tomato; Velkov and Pevicharova (2016) in cucumber; Kumar et al. (2017) in tomato and Ahmed et al. (2026) in tomato. The higher average fruit weight observed in grafted plants can be attributed to the synergistic interactions between the rootstocks and scions, which enhanced the efficient uptake of minerals, water and nutrients throughout the entire plant system (Leal-Fernández et al., 2013; Moncada et al., 2013; Rahmatian et al., 2014; Riga, 2015). Moreover, the highest fruit yield per plot (30.14 kg) and total fruit yield (628.00 q/ha) were recorded in T3 (Arka Samrat grafted onto S. torvum). The lowest fruit yield per plot (25.34 kg) and total fruit yield (528.00 q/ha) were recorded in T5 (Dona-55). The enhanced yield in grafted plants could be attributed to the resistance provided by rootstocks against M. incognita, as well as the improved absorption and translocation of essential nutrients such as phosphorus, nitrogen, magnesium, and calcium, resulting in improved nutrient uptake in the rootstocks (Lee,1994; Pulgar et al., 2000; Bletsos et al., 2003; Kacjan-Maršić and Osvald, 2004; Aloni et al., 2010; Bogoescu and Doltu, 2015).
Table 4. Fruit parameters in grafted and non-grafted plant
	Treatments
	Fruits per plant*
	Fruit weight* (g)
	Fruit yield per plot (kg)
	Total fruit yield (q/ha)

	T1
	19.25
	116.17
	29.05
	605.25

	T2
	13.75
	105.81
	27.18
	566.25

	T3
	20.50
	118.38
	30.14
	628.00

	T4
	18.00
	112.13
	28.18
	587.00

	T5
	11.00
	102.94
	25.34
	528.00

	T6
	13.00
	82.66
	25.67
	534.75

	S.Ed (±)
	0.99
	1.21
	0.05
	1.02

	CD0.05
	2.12
	2.58
	0.11
	2.17


*Mean of four plants per plot
The current study reported reduction in number of galls and egg masses per root system in the treatments involving grafted plants as compared to those with non-grafted plants (Table 5). The highest number of galls (89.75) and egg masses (42.00) per root system were recorded in T5 (Dona-55). However, the least number of galls (7.00) and egg masses (2.75) per root system were recorded in the treatment T3 (Arka Samrat grafted onto S. torvum). Polimera et al., (2022) also observed that grafting susceptible brinjal cultivars onto resistant rootstocks effectively manages M. incognita. Host plants which are highly susceptible to M. incognita, allowed the juveniles to penetrate the roots, mature and produce eggs while the resistant plants hindered their development and prevented reproduction within the host (Karssen and Moens, 2006). Rahman et al. (2002) recorded 7.8 galls/gm of root system and 5.56 galls/gm of root system in the rootstocks, S. torvum and S. sisymbriifolium, respectively. M. incognita egg masses develop poorly on resistant cultivars compared to susceptible ones (Cousins and Walker, 1998). Curuk et al. (2009) investigated the effect of grafting eggplant against M. incognita and observed that eggplant cultivar Faselis when grafted onto the resistant rootstock S. torvum, provided enhanced protection against M. incognita infestations.
Table 5. Host infection and multiplication in grafted and non-grafted Solanum species
	Treatments
	No. of galls
	No. of egg masses
	Final nematode population (200 cc soil)
	Rate of reproduction

	T1
	7.25
	3.25
	128.25
	0.52

	T2
	8.00
	6.25
	163.75
	0.67

	T3
	7.00
	2.75
	120.00
	0.49

	T4
	8.25
	7.25
	158.75
	0.65

	T5
	89.75
	42.00
	690.25
	2.82

	T6
	87.00
	44.00
	650.75
	2.66

	S.Ed (±)
	0.22
	0.14
	0.48
	-

	CD0.05
	0.47
	0.29
	1.03
	-


In the present investigation, the nematode population in soil and rate of reproduction in grafted plants were found to be decreased significantly as compared to those in non-grafted plants. The treatment, T5 (Dona-55) showed the highest final nematode population (690.25) and reproduction rate (2.82). Whereas, T3 (Arka Samrat grafted onto S. torvum) showed the lowest final nematode population in soil (120.00) and rate of reproduction (0.49). Owusu et al. (2016) also reported a decrease in nematode reproduction in resistant rootstocks as compared to susceptible cultivars. Similarly, Okorley et al. (2018) observed reproduction factors of M. incognita from 0.07 to 0.64 in resistant and tolerant Solanum rootstocks, namely S. macrocarpon, S. aethiopicum, S. lycopersicum "Mongal F1" and S. lycopersicum "Samrudhi F1". Likewise, Ocal and Devran (2019) reported a reproduction factor of 0.03 for M. incognita in S. torvum cv. Hawk. Sigüenza et al. (2005) found that grafting altered the plant's reaction from susceptible to tolerant but not to resistant. Peng and Moens (2003) and Mahmoud et al., (2026) studied that host plants' resistance to nematodes is characterized by decreased rate of nematode reproduction in soil and egg masses in roots leading to lower nematode population densities as compared to susceptible plants thus, corroborating the results of the present investigation.
4. CONCLUSION
The susceptible and cultivated tomato cultivars, Arka Samrat and Dona-55 were grafted onto the resistant rootstocks S. torvum and S. lycopersicum cv. Hisar Lalit in different combinations. The success rate of grafting was highest for S. lycopersicum cv. Arka Samrat grafted onto S. torvum, followed by S. lycopersicum cv. Dona-55 grafted onto S. torvum. These combinations of grafting showed significant reductions in galls per root system, egg masses per root system, final nematode population and rate of reproduction. Additionally, they showed an increase in the number of fruits per plant, average fruit weight, fruit yield per plot and total fruit yield per hectare compared to other grafted as well as non-grafted plants. In comparison to non-grafted plants, delay in flowering and fruiting were observed in grafted plants. Considering the changing scenario of pest management, as there has been a progressive transition from chemical to non-chemical methods, one potentially cost-effective and environmentally friendly approach for managing M. incognita in tomato (Solanum spp.) is to graft cultivated susceptible varieties/hybrids onto rootstocks resistant to M. incognita that leads to increased yield. However, since the availability of resistance sources is meagre, it is important to intensify efforts of searching for such resistant sources thereby expanding the choices of utilizing more and more suitable resistant rootstocks that can be utilized for grafting onto M. incognita susceptible tomato cultivars.
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