


EFFECT OF GRAFTING ON GROWTH, YIELD, QUALITY AND NUTRIENT UPTAKE IN BRINJAL

ABSTRACT
The study was conducted at Dr. YSRHU- College of Horticulture, Anantharajupeta, Annamayya district of Andhra Pradesh focused on grafting brinjal (Manjushree) onto three wild rootstocks - Solanum torvum, Solanum gilo, and Solanum indicum to evaluate their impact on growth, yield, quality parameters, and nutrient uptake. Data analysis revealed significant differences among the treatments in terms of plant height, average fruit weight, soil available phosphorous, potassium uptake, and crop growth rate, indicating the positive effects of grafting on these parameters. The results showed that grafting onto wild Solanum rootstocks led to improved plant growth, nutrient uptake efficiency, yield, and fruit quality parameters, aligning with previous studies on grafting in various vegetables. Overall, the research highlighted the potential of grafting brinjal onto wild Solanum rootstocks as a beneficial technique for enhancing crop productivity, quality, and resilience to stressors in horticultural practices
INTRODUCTION
	Grafting has been a useful method for improving crop performance and stress tolerance in solanaceous vegetables. In greenhouse and open-field settings, it can enhance plant vigour, yield, and fruit quality (Khah, 2011). Grafting can boost resistance against biotic and abiotic stressors, such as temperature fluctuations and pathogens carried by the soil In grafted plants, the selection of rootstock has a major impact on growth, yield, and nutrient uptake For example, grafting tomatoes onto particular rootstocks can change the way that minerals like potassium, iron, and magnesium are translocated (Savvas et al., 2009). Although grafting often enhances crop performance, its outcomes can differ based on the rootstock-scion combination and surrounding circumstances (Khah, 2011). Grafting provides a quicker way to improve crop tolerance to different stresses than traditional breeding methods, which may increase vegetable production in difficult situations To optimise rootstock-scion combinations for particular crop requirements and growing environments, more research is necessary. According to Sen et al. (2018), the greatest technique to use in organic farming is grafting. Further, the growth and eventual output of the plants are greatly impacted by the rootstock and scion combination (Voutsela et al., 2012). Because the choice of rootstock may affect the chosen scion's fruit form, it is important to choose the right scion and rootstock. Furthermore, it is recommended to use grafting in order to counteract the negative consequences of soil-borne infections (Lee, 1994 & Rouphael et al., 2017). Additionally, grafting improves fruit quality characteristics while reducing the negative impacts of minerals like toxicity from copper and cadmium and increasing nutrient uptake (Colla et al., 2010; Aloni et al., 2010). 	Comment by Elena Draghici: Soe os Sen ?	Comment by Elena Draghici: Lee, 1994 & Rouphael et al., 2017. include at the References
 
MATERIALS & METHODS
The present investigation was carried out at Dr. YSRHU- College of Horticulture, Anantharajupeta, Annamayya dist. of Andhrapradesh. Brinjal (Manjushree) was grafted on three wild rootstocks namely Solanum torvum, Solanum gilo and Solanum indicum. Statistical design followed is simple RBD with 4 treatments and five replications. Data recorded on various growth, yield, quality parameters and nutrient uptake was subjected to statistical analysis. To test the level of significance at 5% fischers LSD was used.
RESULTS & DISCUSSION
1. Plant height (cm)
The data pertaining to the plant height recorded at 30, 60, 90, 120 DAT showed significant difference among the graft combinations. The treatment brinjal grafted on Solanum torvum recorded maximum plant height (T1- 50.45, 56.46, 69.73, 79.90 cm respectively) followed by brinjal grafted on Solanum gilo (T2- 46.04, 57.53, 67.12, 77.95 cm respectively) and  brinjal grafted on Solanum indicum (T3- 43.51, 55.53, 65.87, 76.88 cm) compared to non-grafted plant. As stated by Desire et al. (2017) wild Solanum species viz., Solanum torvum, Solanum gilo and Solanum indicum typically possess more extensive and robust root system. This extensive root network allows for better absorption of water and essential nutrients from the soil (Table 1). Studies have shown that rootstocks with superior root architecture can access deeper soil layers, thus increasing the overall nutrient uptake efficiency, which directly supports plant growth and development. The plants grafted on wild Solanum species often exhibit improved vascular systems, which facilitate the efficient transport of water and nutrients from the roots to the shoots. This improvement in vascular connectivity ensures that the scion receives an adequate supply of essential nutrients, promoting better growth and development.  
Solanum torvum also resulted in the tallest plants initially, but as the plants matured, the differences among the rootstocks became less pronounced. By 120 days, the heights of brinjal plants grafted on different rootstocks were more similar, though non-grafted brinjal still recorded the shortest height. Despite the differences, the grafted plants showed a general trend of better performance in plant height, with Solanum torvum being particularly effective
The results are in agreement with the findings of Ibrahim et al. (2001), Bletsos and Olympios (2008) and Colla et al. (2014) in tomato.
2. Number of branches per plant
There were no significant differences among the treatments regarding the number of branches per plant at 30 DAT. However, at 60 DAT maximum number of branches was recorded in brinjal grafted on Solanum torvum (T1 – 4.24) followed by brinjal grafted on Solanum gilo (T2 – 3.69) and brinjal grafted on Solanum indicum (T3- 3.59). At 90, 120 DAT maximum number of branches was recorded in  brinjal grafted on Solanum torvum (T1 – 6.16, 8.59) followed by brinjal grafted on Solanum gilo (T2 – 5.24, 7.76)  which was on-par with brinjal grafted on Solanum indicum (T3 – 5.13, 7.54) (Table 1). 
Brinjal grafted on Solanum torvum consistently showed the highest branch counts at each growth stage, indicating its superior performance compared to other rootstocks. Solanum gilo and Solanum indicum also resulted in higher branch numbers compared to non-grafted brinjal, with differences being statistically comparable at several intervals. Non-grafted brinjal had the lowest branch counts across all observation periods. These findings suggest that grafting on specific Solanum species can enhance branch development in brinjal, with Solanum torvum proving to be the most effective rootstock for promoting branch growth.
 According to Lee et al. (2010), grafting on these vigorous wild Solanum rootstocks improve overall nutrient and water uptake efficiency leading to better growth and increased branching. Albacete et al. (2014) stated that higher cytokinin levels in grafted plants promotes axillary bud growth and branching. The results are in close conformity with the experimental findings of  Manasa, N. S (2020) in tomato.	Comment by Elena Draghici: Albacete et al. (2014) or 2015?
Table 1 : Plant height, number of branches per plant in grafted and non- grafted plants of brinjal at 30,60,90,120 DAT
	Treatments
     
	                  Plant height (cm)
	Number of branches per plant

	
	30 DAT
	60 DAT
	90 DAT
	120DAT
	30 DAT
	60 DAT
	90 DAT
	120DAT

	T1
	50.45
	56.46a
	69.73a
	79.90a
	2.16a
	4.24
	6.16
	8.59

	T2
	46.04a
	57.53a
	67.12ab
	77.95a
	2.18a
	3.69a
	5.24a
	7.76a

	T3
	43.51b
	55.53a
	65.87b
	76.88a
	1.91a
	3.59ab
	5.13a
	7.54a

	T4
	39.48c
	50.69b
	60.21c
	70.58b
	1.84a
	3.44b
	5.00a
	6.64b

	SEm±              
	0.45
	1.19
	1.17
	1.10
	0.15
	0.07
	0.12
	0.19

	CD @ 5%       
	1.39
	3.67
	3.61
	3.41
	NS
	0.22
	0.38
	0.58



3. Number of leaves per plant
	At 30, 60, 90 DAT, the number of leaves per plant was highest in the treatment brinjal grafted on Solanum torvum (T1-14.65, 36.35, 54.24) followed by brinjal grafted on Solanum gilo (T2-13.52, 32.11, 45.85) which was on-par with brinjal grafted on Solanum indicum (T3-13.42, 31.17, 42.33 )	At 120 days after transplanting the number of leaves per plant was highest in  brinjal grafted on Solanum torvum (T1 – 65.20) followed by brinjal grafted on Solanum gilo (T2 – 57.76) compared to non-grafted control plants (Table 2). Brinjal grafted on Solanum torvum consistently produced the highest number of leaves at each stage, followed by grafting on Solanum gilo and Solanum indicum, which showed similar results. Non-grafted brinjal consistently had the fewest leaves at all observed time points
As stated by Albacete et al. (2014), wild Solanum rootstocks influence the hormonal levels in grafted plants especially auxins and cytokinins which are crucial for leaf growth and development. The current findings align with the report by Bletsos (2003), who revealed that grafting enhanced root system of plants resulting in vigorous growth, increased branching resulting in more number of leaves compared to non-grafted or self-rooted plants. 	Comment by Elena Draghici: Or 2015?
4. Leaf chlorophyll content (µmol m-2)
	Highest leaf chlorophyll content was noticed in brinjal grafted on Solanum torvum (T1 – 54.45) which was followed by brinjal grafted on Solanum gilo (T2 – 49.37) at 30 DAT. At 60, 90 and 120 DAT highest leaf chlorophyll content was noticed in brinjal grafted on Solanum torvum (T1- 51.01, 55.14, 52.83) followed by brinjal grafted on Solanum gilo (T2- 50.15, 52.40, 52.03) (Table 2). Brinjal grafted on Solanum torvum (T1) consistently recorded the highest chlorophyll content throughout all stages, followed closely by brinjal grafted on Solanum gilo (T2). The lowest chlorophyll content was generally observed in non-grafted brinjal (T4). Leonardi (2004) revealed that enhanced nutrient uptake directly contributes to higher chlorophyll content in the leaves. Rootstocks can influence the scion's hormonal balance, particularly the levels of cytokinins and gibberellins, which play a significant role in chlorophyll biosynthesis and leaf development. Similar results were reported by Colla et al. (2010) and Edelstein et al. (2005) in melons.
Table 2 : Number of leaves/plant and leaf chlorophyll content in grafted and non-grafted plants of brinjal at 30,60,90,120 DAT 
	Treatments
     
	       No. of leaves per plant 
	     Leaf chlorophyll content

	
	30 DAT
	60 DAT
	90 DAT
	120DAT
	30 DAT
	60 DAT
	90 DAT
	120DAT

	T1
	14.65
	36.35
	54.24
	65.20
	54.45a
	51.01a
	55.14
	52.83a

	T2
	13.52a
	32.11a
	45.85a
	57.76a
	49.37b
	50.15a
	52.40a
	52.03a

	T3
	13.42a
	31.17a
	42.33b
	52.26b
	48.41c
	46.66b
	48.39b
	48.11b

	T4
	11.07b
	29.09b
	34.62c
	49.88c
	43.57d
	45.38c
	47.40b
	46.07c

	SEm±              
	0.15
	0.52
	0.58
	1.51
	0.12
	0.33
	0.80
	0.65

	CD @ 5%       
	0.48
	1.62
	1.79
	4.65
	0.38
	1.04
	2.47
	2.02



5. Days to 50% flowering
The data with respect to days to 50% flowering showed significant differences among the grafted plants. Minimum days to 50 % flowering was observed in non-grafted brinjal (T4- 40.52) followed by brinjal grafted on Solanum torvum (T1 – 42.80), while maximum days to 50% flowering was observed in brinjal grafted on Solanum indicum (T4- 53.20) (Table 3)    Earliness is an important trait measured by the number of days to flowering, is favoured in commercial cultivation when combined with high yield. According to Schwarz et al. (2010) wild Solanum species viz., Solanum torvum, Solanum gilo and Solanum indicum enhance water and nutrient availability and stress resilience can reduce physiological stress on the plant, enabling it to allocate more resources toward reproductive development, thus leading to earlier flowering. Similar results were reported by Nkansah et al. (2013), Ibrahim et al. (2014), Chandshiven et al. (2023) in grafted tomato, Kumar et al. (2017) and Kumbar et al. (2021) in grafted eggplant.	Comment by Elena Draghici: Include at the references
Table 3 : Days to 50% flowering, number of flowers/plant, Crop growth rate and leaf dry matter content in grafted and non-grafted plants of brinjal
	Treatments
	Days to 50% flowering
	No. of flowers per plant
	Crop growth rate (g/plant/day)
	Leaf dry matter content (mg/g)

	T1
	42.80b
	15.43
	7.77
	272.48

	T2
	51.12a
	11.67a
	5.92a
	256.13a

	T3
	53.20
	10.94a
	5.78a
	242.75b

	T4
	40.52c
	9.59b
	5.33a
	188.00c

	SEm±
	0.23
	0.30
	0.31
	1.68

	CD @ 5%
	0.72
	0.92
	0.96
	5.19



6. Number of flowers per plant
A significant difference was found among the treatments pertaining to the number of flowers per plant (Table 3 ). The highest number of flowers was noticed in brinjal grafted on Solanum torvum (T1- 15.43) followed by brinjal grafted on Solanum gilo (T2- 11.67) which was statistically on par with brinjal grafted on Solanum indicum (T3 - 10.94), while lowest number of flowers was observed in non-grafted brinjal (T4- 9.59).  The highest number of flowers per plant was observed in brinjal grafted on Solanum torvum, Solanum gilo and Solanum indicum. This increased flowering is linked to the influence of rootstocks on plant hormone levels, particularly gibberellins, which regulate sex expression and flowering, as noted by Mohammadi et al. (2009)	Comment by Elena Draghici: Or Mohammed, ???
7. Crop growth rate (g/plant/day)
	The data with respect to crop growth rate revealed significant differences among the treatments (Table 3). The highest crop growth rate was recorded in brinjal grafted on Solanum torvum (T1- 7.77) followed by brinjal grafted on Solanum gilo (T2 -5.92) and statistically on-par with brinjal grafted on Solanum indicum (T3-5.78) and non-grafted brinjal (T4- 5.33). brinjal grafted on Solanum torvum, Solanum gilo, Solanum indicum recorded the highest crop growth rate compared to their respective non-grafted plants. As stated by Scharwz et al. (2013) the robust rootstocks provide better support for the scion, leading to improved leaf area and chlorophyll content. This results in higher photosynthetic rates, which contributes to faster growth by producing more carbohydrates for growth and development, resulting in the highest crop growth rate	Comment by Elena Draghici: Include this at the references
8. Leaf dry matter content (mg/g)
Significant difference was noticed among the treatments pertaining to leaf dry matter content (Table 3). The highest leaf dry matter content was observed in the treatment, brinjal grafted on Solanum torvum(T1- 272.48) followed by brinjal grafted on Solanum gilo (T2-256.13) and brinjal grafted on Solanum indicum (T3-242.75) while the lowest dry matter content was noticed in non-grafted brinjal (T4-188.00). In the current study, tomato and brinjal grafted on Solanum torvum, Solanum gilo, Solanum indicum the highest leaf dry matter content compared to non-grafted plants. According to Schwarz et al. (2013), the highest leaf dry matter content reported in grafted plants compared to non-grafted plants is due to the ability of the rootstocks, known for their tolerance to various biotic and abiotic stresses, which supports higher photosynthetic efficiency by providing a steady supply of water and nutrients. This results in more production and accumulation of carbohydrates and other organic compounds in the leaf, leading to high dry matter content  Kumbar et al. (2021) and Ibrahim et al. (2021) reported the highest dry matter content in grafted fruits of brinjal compared to non-grafted fruits	Comment by Elena Draghici: ???/
Observations on yield parameters 
Fruit length (cm)
A significant difference was observed in fruit length between the different treatments (Table 4). The highest fruit length was observed in brinjal grafted on Solanum torvum (T1 – 8.81 cm) which was on par with brinjal grafted on Solanum gilo(T2- 8.62 cm) followed by brinjal grafted on Solanum indicum (T3- 8.06 cm) which was on-par with non-grafted brinjal (T4- 8.01cm). According to Singh et al. (2010) grafting typically does not alter the genetic characteristics of the scion, so traits like fruit length remain consistent. Lee et al. (2010) stated that grafting can improve overall plant health and nutrient uptake. However, this does not necessarily affect the distribution of nutrients and hormones that influence fruit length. The improved vigour of grafted plants often results in increased fruit yield or weight rather than changes in fruit dimensions. Mohammed et al. (2009) revealed that the length of grafted tomato fruits was not more significant than the fruit size of non-grafted plants. The current results align with the experimental findings of Hossain et al. (2019) in grafted tomatoes.  
Fruit diameter (cm)
A significant difference was found among the treatments concerning fruit diameter (Table 4 ). The highest fruit diameter was noted in brinjal grafted on Solanum torvum (T1 – 6.35 cm) followed by brinjal grafted on Solanum gilo (T2-5.99 cm) and brinjal grafted on Solanum indicum (T3- 5.86 cm) and the lowest fruit diameter was noticed in non-grafted brinjal (T4- 5.62 cm). In the current study, the highest fruit diameter reported in brinjal on Solanum rootstocks is due to their high compatibility which facilitates efficient transport of water, nutrients and photosynthates from rootstock to scion supporting enhanced growth and fruit diameter. The results support the experimental findings of Johnson et al. (2014), Kumar et al. (2017), Soe et al. (2018) and Hossain et al. (2019). According to Albacete et al. (2015) rootstocks can influence the production and distribution of cytokinins that promote cell division and growth in fruits. A higher level of cytokinins leads to an increase in fruit size. Hossain et al. (2019) stated that statistically significant variation in fruit diameter among the grafted tomato plants is due to their high compatibility and grafting effect enhancing the water and nutrient uptake by the respective plants.
Fruit girth/circumference  (cm)
The statistical data revealed a significant difference among the treatments concerning fruit girth (Table 4). The highest fruit girth was noticed in brinjal grafted on Solanum torvum (T1- 19.95 cm) followed by brinjal grafted on Solanum gilo (T2- 18.81 cm) which was statistically on-par with brinjal grafted on Solanum indicum (T3- 18.40 cm) and the lowest fruit girth was noticed in non-grafted brinjal (T4- 17.67 cm). Highest fruit girth observed in brinjal grafted on Solanum torvum, Solanum gilo, Solanum indicum is due to the production and distribution of growth hormones such as auxins and cytokinins which play crucial role in cell expansion, cell division and enlargement contributing to increased fruit girth (Albacete et al., 2015). These consequences are in agreement with the findings of Ashok et al. (2017) in grafted brinjal, Aloni et al. (2010) in grafted melons who marked the impact of rootstock on fruit girth
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Fig 1.  Brinjal girth/circumference  (cm)


Average number of fruits per plant
Data pertaining to the average number of fruits per plant revealed a significant difference among the treatments (Table 4). More number of fruits was recorded in brinjal grafted on Solanum torvum (T1- 25.37) followed by brinjal grafted on Solanum gilo (T2 - 23.08) which was statistically on par with brinjal grafted on Solanum indicum (T3 - 22.95) and least number of fruits was recorded in non-grafted brinjal (T4- 19.56). The average number of fruits per plant was higher in brinjal grafted on Solanum torvum and was statistically on par with Solanum gilo and Solanum indicum. Grafting vegetables onto vigorous rootstocks increases the scion's phytohormone (cytokinin) content. These cytokinins travel from the rootstock to the scion through the xylem, providing the scion with better resources for fruit development, which in turn boosts the number of fruits per plant (Desire et al. 2013), Fernandez et al.(2013), Gisbert et al. (2010), Khah et al.(2006). According to Satish et al. (2021), the number of fruits per plant is closely related to crop yield, as a higher number of fruits produced by any vegetable crop directly indicates a greater yield	Comment by Elena Draghici: Or Fernandez-Garcia N, Martínez V, Carvajal M. 2004. ???	Comment by Elena Draghici: Include this author	Comment by Elena Draghici: Or 2011???
Table 4 : Yield and yield parameters of  grafted and non-grafted plants of brinjal 
	Treatments
	Fruit length (cm)
	Fruit diameter (cm)
	Fruit girth (cm)
	Avg. no. of fruits/plant
	Avg. fruit weight (g)
	Yield per plant (kg)
	Harvest Index (%)

	T1
	8.81a
	6.35
	19.95
	25.37
	47.37a
	1.19
	82.71a

	T2
	8.62a
	5.99a
	18.81a
	23.08a
	45.63ab
	1.04a
	82.11a

	T3
	8.06b
	5.86ab
	18.40ab
	22.95a
	44.43bc
	1.02a
	80.51b

	T4
	8.01b
	5.62b
	17.67b
	19.56b
	43.35c
	0.84b
	76.66c

	SEm±
	0.07
	0.09
	0.29
	0.49
	0.58
	0.03
	0.48

	CD @ 5%
	0.23
	0.28
	0.89
	1.51
	1.79
	0.09
	1.48



Average fruit weight (g)
The data pertaining to average fruit weight revealed significant differences among the treatments (Table 4). The highest average fruit weight was recorded in brinjal grafted on Solanum torvum (T1- 47.37 g) followed by brinjal grafted on Solanum gilo (T2- 45.63g) and lowest average fruit weight was observed in non-grafted brinjal (T4- 43.35g).
Average fruit weight was maximum in brinjal grafted on Solanum torvum, Solanum gilo and Solanum indicum as these rootstocks improve nutrient ,water uptake and transport within the plant, ensuring that the developing fruits receive adequate water and nutrients which is crucial for cell expansion and growth of fruit as stated by Lee et al. (2012). The results of Pogonyi et al. (2005), Khah et al. (2006), Turhan et al. (2011), Hossain et al. (2019), Ibrahim et al. (2014) and Sabatino et al. (2018) in tomato, Ashok et al. (2017) in eggplant also align with the current findings.	Comment by Elena Draghici: to check the year 	Comment by Elena Draghici: to check the year 	Comment by Elena Draghici: Or 2011?	Comment by Elena Draghici: Or 2016???	Comment by Elena Draghici: Verify this	Comment by Elena Draghici: Or 2016?
Yield per plant (kg)
The statistical data revealed a significant difference with respect to yield per plant among the treatments (Table 4.).The highest yield per plant was observed in brinjal grafted on Solanum torvum (T1-1.19 kg) followed by brinjal grafted on Solanum gilo (T2- 1.04 kg) which was statistically on par with brinjal grafted on Solanum indicum (T3- 1.02 kg), while the lowest yield was recorded in non-grafted brinjal (T4- 0.84 kg). The superior yield in grafted plants can be attributed to their robust root systems, which facilitate more efficient absorption of water, minerals, and nutrients which leads to increased vigour and enhanced photosynthesis (Attia et al. 2003, Davis, Perkins-Veazie, Marsic and Osvald (2004), Moncada et al. (2013), Sabatino et al. (2018), Voutsela et al. (2012).	Comment by Elena Draghici: Davis et al, 2005?????	Comment by Elena Draghici: Or 2016????
Harvest Index (%)
The statistical data revealed a significant difference pertaining to harvest index among the treatments (Table 4). Highest percent of harvest index was noticed in brinjal grafted on Solanum torvum (T1- 82.71%) which was statistically on-par with brinjal grafted on Solanum gilo (T2- 82.11%) followed by brinjal on Solanum indicum (T3- 80.51%) and percent of harvest index was low in non-grafted brinjal (T4- 76.66%).
As opined by Lee et al. (2010) wild Solanum rootstocks have enhanced root system efficiency, improved stress tolerance and optimised resource utilisation and increased photosynthetic efficiency which supports overall plant growth, leading to higher biomass production and ultimately high harvest index.


Observations on bio-chemical parameters
Total soluble solids (obrix)
No significant difference was found pertaining to total soluble solids among the grafted and non-grafted plants. The non-significant differences in TSS among the treatments in brinjal can be attributed to the varying efficiencies of the rootstocks in nutrient and water uptake, osmotic adjustment, photosynthates allocation and hormonal interactions. While Solanum torvum might provide some advantages leading to marginally higher TSS, these differences are not statistically significant, indicating that the rootstocks used have relatively similar effects on the TSS of brinjal fruits. Previous studies by Turhan et al. (2011) in tomatoes, Lopez-Galarza et al. (2004) and Alexopoulos et al. (2007) in watermelon reported that non-grafted plants exhibited the highest TSS compared to grafted plants.	Comment by Elena Draghici: Not Included
Ascorbic acid (mg/100g)
The data pertaining to ascorbic acid revealed a significant difference among the treatments (Table 5) with highest ascorbic acid content being recorded in brinjal on Solanum gilo (T2- 19.42) followed by brinjal on Solanum torvum (T1- 17.20) and brinjal on Solanum indicum (T3- 15.79), while lowest was recorded in non-grafted brinjal (T4- 13.15).
The variations in ascorbic acid content between the grafted brinjal plants can be attributed to the influence of the rootstocks on nutrient uptake, stress tolerance, and metabolic processes. Rootstocks such as Solanum torvum, Solanum gilo and Solanum indicum enhance these factors to different extents resulting in differences in the synthesis and accumulation of ascorbic acid in the fruits. Non-grafted plants, while missing out on the benefits of rootstock-enhanced nutrient uptake are able to avoid stress induced by grafting, which can also impact ascorbic acid levels.
Similar results of increasing ascorbic acid content in grafted plants has been reported by Pugalendhi et al. (2021) and Zhang et al (2019) in tomato, Na et al. (2012) in brinjal and Zhu et al. (2006) in cucumber. But, according to Turhan et al. (2011) ascorbic acid content was reduced in grafted tomato plants compared to non-grafted plants
Total sugars (%)
Data recorded on total sugars revealed a significant difference among the treatments (Table 5). Brinjal on Solanum gilo (T2- 4.22) recorded highest total sugars which was statistically on par with brinjal grafted on Solanum torvum (T1 – 4.16) and brinjal grafted on Solanum indicum (T3- 4.16), while the lowest was observed in non-grafted brinjal (T4-3.46)
The increase in sugar content in grafted plants may be attributed to the influence of rootstocks on the hormonal balance within the grafted plants. Rootstocks enhance the synthesis or transport of hormones such as cytokinins and gibberellins, which are crucial for improving sugar metabolism and distribution. Our findings are consistent with the studies by Turhan et al. (2011) and Pogonyi et al. (2005), also reported similar effects of grafting on sugar content in tomatoes, thereby establishing a link between rootstock selection and enhanced sugar accumulation in grafted plants
Table 5 : Quality parameters of  grafted and non-grafted plants of brinjal 
	Treatments
	TSS (0 Brix)
	Ascorbic acid (mg/100g)
	Total sugars (%)
	Firmness (kg/cm2)
	Titrable acidity (%)

	T1
	4.65a
	17.20a
	4.16a
	5.61b
	0.35ab

	T2
	4.40a
	19.42
	4.22a
	6.09
	0.31bc

	T3
	4.56a
	15.79a
	4.16a
	5.77a
	0.36a

	T4
	4.49a
	13.15b
	3.46b
	5.44c
	0.29c

	SEm±
	0.08
	0.66
	0.13
	0.04
	0.01

	CD @ 5%
	NS
	2.04
	0.41
	0.12
	0.04



Firmness (kg/cc)
Data pertaining to fruit firmness revealed a significant difference among the treatments (Table 5). The highest mean value was observed in brinjal on Solanum gilo (T2- 6.09) followed by brinjal on Solanum indicum (T3- 5.77) and brinjal on Solanum torvum (T1- 5.61), while the lowest mean value was reported in non-grafted brinjal (T4- 5.44).
 	Highest mean values for firmness in grafted plants is due to improved water retention and nutrient uptake resulting in better cell wall development and maintenance of stronger cell wall and high turgor pressure. The current results align with the experimental findings of Nkansah et al. (2013) in tomato and Musa et al. (2021) in brinjal.
Titrable acidity (%)
The data revealed a significant difference among the treatments concerning titrable acidity (Table 5). The highest mean value was observed in brinjal on Solanum indicum (T3- 0.36) followed by brinjal on Solanum torvum (T1- 0.35) and brinjal on Solanum gilo (T2- 0.31), while the lowest mean value was reported in non-grafted brinjal (T4- 0.29)
 	As reported by Lopez- Marin et al. (2019) improved nutrient availability supports the higher synthesis of organic acids, leading to higher titrable acidity in fruit. Our results are in line with the experimental findings of George et al. (2004), Flores et al. (2010) and Turhan et al. (2011) in tomato. However, according to Fernandez-Garcia et al. (2004), grafting did not significantly affect the titrable acidity of sweet pepper fruit.
Nutrient uptake 
Nitrogen uptake (kg ha-1)
Data revealed a significant difference pertaining to nitrogen uptake among the treatments (Table 6). The highest nitrogen uptake was recorded in the treatment brinjal grafted on Solanum torvum (T1-93.74 kg ha-1) followed by brinjal grafted on Solanum gilo (T2-54.47 kg ha-1) and brinjal grafted on Solanum indicum (T3-47.19 kg ha-1), while lowest uptake was recorded in non-grafted  brinjal (T4-32.27 kg ha-1) compared to grafted plants.
The factors which collectively can contribute to the superior nitrogen uptake are that grafted brinjal plants exhibit a more extensive and efficient root system with improved vigour compared to non-grafted plants, which results in a larger surface area for nutrient absorption, leading to higher nitrogen uptake. Rootstocks with better nutrient transport mechanisms can enhance nitrogen assimilation in grafted plants. This is particularly true if the rootstock has a high efficiency in nitrate and ammonium uptake and transport. Similar results were reported by Martinez-Ballesta et al. (2010) in cucumber and Turk et al. (2013) in tomato.
Phosphorous  uptake (kg ha-1)
Data with respect to phosphorous uptake revealed a significant difference among the treatments (Table 6). The highest phosphorous uptake was recorded in the treatment brinjal grafted on Solanum torvum (T1- 15.32 kg ha-1) followed by brinjal grafted on Solanum gilo (T2-9.74 kg ha-1) and brinjal grafted on Solanum indicum (T3-6.57 kg ha-1), while lowest uptake was recorded in non-grafted brinjal (T4- 3.73 kg ha-1). 
According to Albacete et al. (2015), the larger root surface area and root hair density allow for more significant interaction with soil particles where phosphate ions are adsorbed. Efficient xylem and phloem of these rootstocks may provide more efficient vascular systems for transporting absorbed phosphorus to the scions. Efficient phloem transport is crucial for moving phosphorus to growing regions of the plant where it is needed for energy transfer and nucleic acid synthesis. Also, these rootstocks might exude organic acids into the rhizosphere, which can help solubilise phosphorus from soil minerals, making it more available for absorption. 
Similar results were reported by Martinez-Ballesta et al. (2010) in cucumber, Turk et al. (2013) in tomato
Table 6  Nitrogen, phosphorous and potassium uptake (kg ha-1) by brinjal
 
	Treatments
	Nitrogen uptake
(kg ha-1)
	Phosphorous uptake 
(kg ha-1)
	Potassium uptake
(kg ha-1)

	T1
	93.74a
	15.32a
	41.84a

	T2
	54.47b
	9.74b
	27.77b

	T3
	47.19c
	6.57c
	27.23c

	T4
	32.27d
	3.73d
	22.95d

	SEm±
	0.68
	0.17
	0.54

	CD @ 5%
	2.11
	0.54
	1.67



Potassium uptake (kg ha-1)
Data revealed that there is a significant difference among the treatments with respect to potassium uptake (Table 6). Highest potassium uptake was recorded in the treatment brinjal grafted on Solanum torvum (T1- 41.84 kg ha-1) followed by brinjal grafted on Solanum gilo (T2-27.77 kg ha-1) and brinjal grafted on Solanum indicum (T3-27.23 kg ha-1), while lowest uptake was recorded in non-grafted brinjal (T4-22.95 kg ha-1)
The trend of recording highest potassium uptake in brinjal grafted on Solanum torvum, Solanum gilo and Solanum indicum is due to their extensive and efficient root system, enhanced root surface area or increased root density which improves the translocation of potassium from roots to the shoots. Also these rootstocks might have provided better stress tolerance, allowing the grafted plants to maintain potassium uptake under various environmental conditions. 
Similar results were reported by Martinez-Ballesta et al. (2010) in cucumber, Turk et al. (2013) in tomato

POST HARVEST SOIL FERTILITY STATUS
Soil available nitrogen (kg/ha)
Data pertaining to soil available nitrogen revealed a significant difference among the treatments (Table 7). Highest soil available nitrogen was observed in non-grafted brinjal (T4-295 kg/ha) followed by brinjal grafted on Solanum indicum (T3-273 kg/ha) and brinjal grafted on Solanum gilo (T2-264 kg/ha), while lowest was recorded in brinjal grafted on Solanum torvum (T1-250 kg/ha)
Highest soil available nitrogen was recorded in non-grafted plants compared to grafted plants in brinjal. As the grafted plants have extensive and efficient root-system that can absorb more nitrogen from the soil resulting in less available nitrogen remaining in the soil compared to non-grafted plants which may not absorb nitrogen as efficiently as grafted plants.
Soil available phosphorous (kg/ha)
The data with respect to soil available phosphorous revealed a significant difference among the treatments (Table 7). The highest soil available phosphorous was recorded in non-grafted brinjal (T4- 56.60 kg/ha) followed by brinjal grafted on Solanum indicum (T3- 47.60 kg/ha) and brinjal grafted on Solanum gilo (T2- 45.40 kg/ha), while lowest soil available phosphorous was recorded in brinjal grafted on Solanum torvum (T1-37.20 kg/ha)
The trend of recording highest soil available phosphorous was noticed in non-grafted plants compared to grafted plants of brinjal because of the differences in production of root exudates that helps in phosphorous solubilisation, mobilisation and uptake by the grafted plants. As phosphorous is relatively immobile in the soil, extensive and finer root system of the rootstocks can increase the access to phosphorous. Also the rootstocks vary in their efficiency in utilising phosphorous.The more efficient rootstocks will absorb more phosphorous leaving less available in the soil
Table 7 Post harvest soil status of available nitrogen (kg ha-1), available P2O5 (kg ha-1) and available K2O (kg ha-1) in soil as influenced by different graft combinations
	Treatments
	Available N (kg ha-1)
	Available P2O5 (kg ha-1)
	Available K2O (kg ha-1)

	T1
	275a
	56.80c
	240d

	T2
	285c
	74.00b
	264c

	T3
	293b
	76.20b
	275b

	T4
	363d
	82.80a
	282a

	SEm±
	1.63
	0.73
	0.66

	CD @ 5%
	5.04
	2.27
	2.05



Soil available potassium (kg/ha)
The data pertaining to soil available potassium revealed a significant difference among the treatments (Table 7). The highest soil available potassium was recorded in non-grafted brinjal (T4-395 kg/ha) followed by brinjal grafted on Solanum indicum (T3- 356 kg/ha) and brinjal grafted on Solanum gilo (T2-343 kg/ha), while lowest soil available potassium was recorded in brinjal grafted on Solanum torvum (T1-317 kg/ha)
The highest soil available potassium follows a similar trend in non-grafted and grafted plants of brinjal. The highest is observed in non-grafted plants compared to grafted plants. Tomato and brinjal have good graft compatibility with the wild rootstocks. This synergy can result in grafted plants depleting soil potassium more effectively than non-grafted plants. The grafting process can alter hormonal pathways that regulate nutrient uptake such as auxins, cytokinins and abscisic acid. These hormones can affect root development and ion transport, potentially leading to increased potassium uptake in grafted plants which cause less residual potassium levels in the soil.
SUMMARY & CONCLUSIONS
Grafting brinjal onto wild Solanum rootstocks such as Solanum torvum, Solanum gilo, and Solanum indicum resulted in significant improvements in plant height, number of branches, days to flowering, and average fruit weight. The grafted plants showed enhanced nutrient uptake efficiency, leading to better growth, increased branching, and higher average fruit weight per plant. Grafting on wild Solanum rootstocks improved overall plant growth, biomass production, and harvest index, while also enhancing fruit quality parameters such as total soluble solids (TSS) content. The results align with previous studies in tomato, eggplant, and other vegetables, highlighting the benefits of grafting onto vigorous rootstocks for improved plant performance and yield.
Overall, grafting tomato onto wild Solanum rootstocks positively influenced plant growth, nutrient uptake, yield, and fruit quality, showcasing the potential of this technique for enhancing crop productivity and quality in horticultural practices.
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