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ABSTRACT

[bookmark: _Hlk185853769][bookmark: _Hlk186120577]Brinjal grafting has been proven to mitigate some soil-borne diseases and abiotic stresses as well as improve plant growth, yield and fruit quality. The present study was conducted at UBKV, West Bengal during the rainy season of (2024) and (2025). The aim was to investigate the compatibility between brinjal cultivars viz, VNR-212, Mukta Keshi and Bhangar as scions with the wild brinjal rootstocks (Solanum torvum) and the cultivated rootstock (Surya) from KAU, Thrissur, Kerala. The experiment was laid out in factorial completely randomized design (FCRD) with five replications. The two years result showed that among the different combinations, the longest duration for graft union was observed in the combination of (S. torvum+Bhangar), requiring 8.30 days and (Surya + VNR-212), requiring less days (5.10 days) for successful union of the grafts. Maximum days taken to attain transplanting in the combination of (S. torvum+Bhangar) and minimum number of days taken to attain transplanting in the combination of (Surya+VNR-212). The grafting combination of (Surya+Muktakeshi) exhibited highest graft survival rates (94.47%) and the grafting combination of (S. torvum+Muktakeshi) exhibited minimal survival percentage (85.08%). The compatibility of the rootstock is crucial for successful graft union and subsequent performance of the grafted plants. 
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1. INTRODUCTION
Brinjal (Solanum melongena L.) is an important vegetable crop belonging to the family Solanaceae and is widely cultivated throughout the year under suitable agro-climatic conditions (Kumar et al., 2025). In India, brinjal is extensively cultivated in several states such as West Bengal, Odisha, Bihar, Karnataka, Andhra Pradesh, Maharashtra and Uttar Pradesh. Among these, West Bengal ranks first in production with about 3029.02 Mt, contributing nearly 23.72% of the total production (Anon., 2023). However, brinjal productivity is often reduced due to various biotic and abiotic stresses (Venema et al., 2008; Rout et al., 2025).  Among biotic stresses, bacterial wilt is the most devastating disease, with yield losses ranging from 10–90% in farmers’ fields (Salvi et al., 2020).
Grafting has emerged as an effective strategy to overcome these constraints in vegetable production. This technique involves joining a rootstock and scion through tissue regeneration so that they develop into a single plant (Zeist et al., 2017). Successful grafting depends on a series of coordinated biochemical and structural events (He et al., 2025). The initial stage involves the adhesion of parenchymatous cells, which is essential for establishing contact between the rootstock and scion. This is followed by the development of vascular tissues and their subsequent differentiation into xylem and phloem. The establishment of a functional vascular connection during the wound-healing process is critical, as it enables efficient water uptake and nutrient transport across the graft junction. Furthermore, the re-establishment of vascular continuity allows the movement of macromolecules between the graft union (Harada, 2010). 
The use of resistant or tolerant rootstocks helps plants withstand several biotic and abiotic stresses. Initially, grafting was mainly practiced to manage soil-borne diseases (King et al., 2010), but it is now widely used to enhance nutrient uptake, improve water-use efficiency, increase yield and fruit quality and tool to induce tolerance to abiotic stresses (Davis et al., 2008; Turhan et al., 2011; Petran, 2013). Successful grafting largely depends on compatibility between the rootstock and scion. Factors such as proper selection of scion and rootstock materials, grafting technique, healing ability and similar in stem diameter between rootstock and scion, the environmental factor influence graft success (Black et al., 2003; Bletsos and Olympios, 2008; Lee et al., 2010). Incompatibility may lead to abnormal growth, restricted transport of water and nutrients and eventual plant failure. Therefore, identifying compatible combination of high yield cultivars as scion and tolerant rootstocks is the prerequisite to address the low productivity of brinjal in the region. 
2. MATERIALS AND METHODS 
The field experiment was conducted to evaluate the graft compatibility between the popular brinjal cultivars and wild/tolerant brinjal rootstocks during the period from May to October in the year 2024 and 2025. The experiment was carried out in a polyhouse at Uttar Banga Krishi Viswavidyalaya, Pundibari, Cooch Behar, West Bengal (26°19′ N latitude and 89°23′ E longitude, at an altitude of 43 m above mean sea level). The region experiences a sub-tropical climate characterized by high humidity and substantial rainfall, which is favourable for brinjal cultivation. The weather conditions during the two experimental seasons were largely similar; however, relatively higher rainfall was recorded during the second year of the study. During the experimental period, the maximum temperature reached about 35°C, while the minimum temperature was around 20°C, with an average relative humidity ranging between 80-95%. The experimental material consisted of three brinjal cultivars namely, VNR-212, Mukta Keshi and Bhangar as scions with the wild brinjal rootstocks (Solanum torvum) and the cultivated rootstock (Surya) from KAU, Thrissur, Kerala. The experiment was laid out in factorial completely randomized design (FCRD) with five replications. Seeds of the rootstock were sown in protrays containing a potting mixture of cocopeat and vermicompost. The scion seeds were sown in protrays 20-22 days after the sowing of rootstock seeds to synchronize the seedling stage suitable for grafting. After germination, a recommended dose of N:P:K (19:19:19) @ 1-2 g per litre of water was applied at 10 day intervals to promote stem girth development of the seedlings. Ten randomly selected healthy seedlings were used to record observations on days to germination, germination percentage and days required to reach the grafting stage. Seedlings approximately 8-10 cm in height or 45-60 days old, having a stem diameter of about 2-2.5 mm, were selected as rootstocks for grafting. Grafting was performed using the splice grafting method. In this method, one cotyledon and the emerging true leaf of the rootstock were removed using a razor blade by making a 45° slanting cut. A similar slanting cut was made on the hypocotyl of the scion seedling. The cut surfaces of the scion and rootstock were then joined carefully and secured using 2 mm grafting clips. Immediately after grafting, the seedlings were transferred to a healing chamber where the temperature and relative humidity were maintained at 25-30°C and 90-95%, respectively. After completion of the healing process, observations related to graft compatibility were recorded. These included graft survival percentage, number of days taken for graft union formation and days required to reach the transplanting stage. The pooled data obtained from the two years of experimentation were analyzed statistically following the methods outlined by Panse and Sukhatme (2000). Mean values obtained from randomly selected plants in each replication across all treatments were used to determine the significance of treatment effects at the 5% level of significance.
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[bookmark: _Hlk185234190][bookmark: _Hlk185234240]Fig.1. Procedure of splice grafting. (A) Seeds sown in pro-trays. (B) Germination of seeds. (C) Seedlings ready for grafting. (D) Cutting of rootstock using blade. (E) Cutting of rootstock using blade. (F) Joining of rootstock and scion at cut portion. (G) Grafted plant inside healing chamber. (H) Grafted plant ready for transplanting. 
3. RESULTS AND DISCUSSION
3.1 Days taken for germination, germination per cent (%) and days taken to reach grafting stage
 	Significant variation was observed in (Table 1) the average number of days required for germination across the years, 2024 and 2025. Among the evaluated rootstocks, S. torvum required the highest number of days for germination (17.00 days), whereas the rootstock Surya recorded the shortest germination period (5.30 days). Among the scions, VNR 212 exhibited the earliest germination (4.30 days), while Mukta Keshi required the longest duration (6.50 days) for germination. According to Gisbert et al. (2011), the delayed germination observed in S. torvum can be attributed to its hard seed coat, which induces prolonged dormancy and results in slower and irregular germination. Similar results also recorded by Kumar et al. (2015).
The results regarding germination percentage of the rootstocks showed that performance Surya recorded the highest germination percentage (91.42%), followed by S. torvum (83.82%). In the case of scions, VNR 212 exhibited the highest germination percentage (95.94%), followed by Mukta Keshi (92.48%), whereas the lowest seed germination percentage was observed in Bhangar (84.59%). The variation in germination percentage among rootstocks and scions can be attributed to inherent genetic potential, seed vigour and physiological quality of the seeds. The higher germination observed in Surya (91.42%) among rootstocks may be due to better seed viability and efficient metabolic activation during imbibition, which enhances early embryo growth. In contrast, relatively lower germination in Solanum torvum (83.82%) could be associated with seed dormancy, harder seed coat, or slower enzymatic activity during germination.
Among scions, VNR 212 recorded the highest germination (95.94%), likely due to superior genetic makeup, higher seed vigour, and better adaptability to prevailing environmental conditions, which promote rapid water uptake and enzyme activation. Mukta Keshi also showed high germination (92.48%), indicating good seed quality, whereas the comparatively lower germination in Bhangar (84.59%) may be due to reduced seed viability, possible physiological dormancy, or less efficient mobilization of stored food reserves. Overall, these differences highlight the role of genotype and seed physiological status in determining germination performance. These observations are in agreement with findings of Shipepe and Msogoya (2018) and Hossain et al. (2019). 
Among the different rootstock treatments, Surya exhibited the shortest duration (44.80 days) from germination to reaching the grafting stage. In contrast, S. torvum required a significantly longer period (66.20 days) to reach the grafting stage. With respect to scion varieties, VNR 212 reached grafting stage in the least time (35.70 days), whereas Mukta Keshi required a comparatively longer duration (37.40 days). The prolonged time taken by S. torvum to reach the grafting stage may be attributed to its slower germination and growth rate. These observations are in agreement with earlier reports of Bahadur et al. (2015), Hossain et al. (2019) and Sharma et al. (2019).

3.2 Influence of rootstock and scion on graft union formation, transplanting time and survival of grafted plants
The growth performance and survival of grafted brinjal plants were significantly influenced by rootstock, scion, and their interaction (Table 2).
3.2.1 Effect of rootstock:	
 	Among evaluated rootstocks results showed significant effect on number of days to graft union formation, days taken to attain transplanting stage, and survival of grafted plants per cent. Among the rootstocks, Surya (R2) proved markedly superior to Solanum torvum (R1). It recorded a significantly lower number of days taken for graft union (5.40 days) compared to R1 (7.40 days), indicating faster callus proliferation and union formation. Similarly, Surya (R2) recorded minimum days taken to attain transplanting stage (22.40 days) than Solanum torvum (R1) (24.00 days), reflecting enhanced seedling vigour and early establishment. The survival of grafted plants per cent was also significantly higher in Surya (R2) (91.32%) compared to Solanum torvum (R1) (89.53%). The superior performance of Surya may be attributed to its higher physiological efficiency, better compatibility, and improved vascular differentiation, which facilitate rapid healing and efficient translocation of water and nutrients.
3.2.2 Effect of scion:	
 	Significant differences were observed among scions for all the studied parameters. Scion VNR-212 (S1) recorded the minimum number of days taken for graft union (5.85 days) and days taken to attain transplanting stage (21.35 days), along with the highest survival of grafted plants per cent (93.25%). In contrast, Bhangar (S3) exhibited maximum days for graft union formation (6.95 days) and required the maximum days taken to attain transplanting stage (24.25 days), coupled with the lowest survival (88.26%). The enhanced performance of VNR-212 may be attributed to its superior genetic vigour, rapid cell division and efficient metabolic activity, which promote quicker graft union formation and higher survival (Jamir et al., 2023).
3.2.3 Interaction effect (Rootstock × Scion):	
 	The interaction between rootstock and scion was non-significant for number of days taken for graft union, suggesting that initial union formation is largely governed by the inherent genetic attributes of individual components. However, the interaction effect was significant for days taken to attain transplanting stage and survival of grafted plants per cent, indicating that post-union growth and survival are strongly influenced by the degree of compatibility between specific rootstock–scion combinations.
Among the combinations, Surya × VNR-212 (R2S1) recorded the minimum number of days taken for graft union (5.10 days) and required the least days taken to attain transplanting stage (18.90 days), demonstrating rapid healing and early establishment. In terms of survival percent of grafted plants, Surya × Mukta Keshi (R2S2) exhibited the highest survival (94.47%), which was statistically at par with Surya × VNR-212 (92.99%) and Solanum torvum × VNR-212 (93.51%). Conversely, Solanum torvum × Mukta Keshi (R1S2) recorded the lowest survival (85.08%), indicating comparatively poor graft compatibility.
Following graft union formation, gradual acclimatization of grafted seedlings from controlled healing conditions to natural sunlight was essential for successful establishment, as it minimizes transplant shock and enhances field adaptability. These findings are in agreement with earlier reports by Mohamed et al. (2012), Kumar et al. (2015) and Palanikumar et al. (2020), who emphasized the importance of hardening in improving graft success.
The observed variation in survival among different combinations can be attributed to differences in graft compatibility, vigour and physiological synchronization between rootstock and scion. Similar observations were reported by Gisbert et al. (2011), who highlighted that compatibility is not solely dependent on genetic relatedness. Reduced compatibility often leads to poor vascular connectivity (Kawaguchi et al., 2008), while disparities in morpho-physiological traits may hinder proper graft union formation (Zeist et al., 2017). Inadequate vascular integration restricts water and nutrient transport, thereby reducing stomatal conductance and suppressing scion growth (Atkinson and Else, 2001).
Overall, the results clearly demonstrate that graft union formation is primarily influenced by individual genotypes, the subsequent growth, transplant readiness and survival of grafted plants are critically governed by the compatibility between rootstock and scion, with Surya × VNR-212 and Surya × Mukta Keshi emerging as the most promising combinations under Terai conditions of West Bengal.
Table 1. Assessment of germination behaviour and growth characteristics of rootstock and scion (pooled data of 2024 and 2025)








	[bookmark: _Hlk186103951]Treatments
	Days taken for germination
	Germination per cent (%)
	Days taken to reach grafting stage

	Rootstock

	Solanum torvum
	17.00
	83.82
	66.20

	Surya
	5.30
	91.42
	44.80

	Scion

	VNR-212
	4.30
	95.94
	35.70

	Bhangar
	5.10
	84.59
	36.70

	Mukta Keshi
	6.50
	92.48
	37.40

	S.Em (±)
	0.24
	0.58
	0.41

	CD at 5%
	0.68
	1.65
	1.17


Table 2. Growth performance and survival rate of grafted plants as influenced by different rootstock–scion combinations (pooled data of 2024 and 2025)

	Treatment
	Number of days taken for graft union
	Days taken to attain transplanting
	Survival of grafted plants per cent (%)

	Rootstock

	R1
	7.40
	24.00
	89.53

	R2
	5.40
	22.40
	91.32

	S.Em (±)
	0.16
	0.18
	0.36

	CD at 5%
	0.45
	0.51
	1.01

	Scion

	S1
	5.85
	21.35
	93.25

	S2
	6.40
	24.00
	89.78

	S3
	6.95
	24.25
	88.26

	S.Em (±)
	0.19
	0.22
	0.44

	[bookmark: _Hlk186145002]CD at 5%
	0.55
	0.63
	1.24

	Interaction (R x S)

	R1S1
	6.60
	23.80
	93.51

	R1S2
	7.30
	23.70
	85.08

	R1S3
	8.30
	24.50
	90.02

	R2S1
	5.10
	18.90
	92.99

	R2S2
	5.50
	24.30
	94.47

	R2S3
	5.60
	24.00
	86.49

	S.Em (±)
	0.27
	0.31
	0.62

	CD at 5%
	N.S.
	0.89
	1.75


R1= Solanum torvum, R2= Surya, S1= VNR-212, S2= Mukta Keshi, S3= Bhangar
4.CONCLUSION
These results highlight the crucial importance of rootstocks compatibility for the successful cultivation of grafted plants. As grafting practices continue to advance and improve, a deeper understanding of rootstock traits becomes essential. Overall, the rootstock Surya was found to be the most suitable rootstock, followed by Solanum torvum, based on graft success and survival percentage but both rootstocks can be effectively utilized for grafting due to their tolerance to major biotic stresses such as nematodes and bacterial wilt. Among combinations, Surya × VNR-212 and Surya × Mukta Keshi emerging as the most promising combinations under Terai conditions of West Bengal
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