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Abstract
This study was conducted during the rabi seasons of 2023-24 and 2024-25 at the Vegetable Research Farm, Centre for Protected Cultivation Technology, Banda University of Agriculture and Technology, Banda, Uttar Pradesh. The objective was to evaluate the impact of brinjal (Solanum melongena) rootstocks on fruit weight and root morphology in tomato (Solanum LycopersiconL.) under Bundelkhand conditions. Two improved tomato cultivars, Kashi Aman and Kashi Adarsh, were grafted onto five brinjal rootstocks including two wild types (Solanum torvum and Solanum incanum) and three cultivated lines (IC-111056, Surya and Zippy). Grafting significantly influenced fruit weight and root traits such as surface area, volume, root length density and diameter. The highest fruit weight was recorded in Kashi Aman grafted onto IC111056 (64.30 g), showing a 25.4% increase over its ungrafted Kashi Aman (51.27 g). Root length density was 29.91% higher in IC111056/Kashi Aman (6268.65 cm³/m³) compared to ungrafted Kashi Aman (4823.89 cm³/m³). Surface area increased by 27.4% in Zippy/Kashi Aman (1526.62 cm²) over the control (1197.97 cm²). Root diameter was 47.9% higher in IC111056/Kashi Aman (1.218 mm) than in ungrafted Kashi Aman (0.824 mm). Root volume showed a 33.2% improvement in Surya/Kashi Aman (17.47 cm³) compared to the control (13.11 cm³). These results indicate that IC111056, Surya and Zippy rootstocks effectively enhance fruit weight and root architecture in grafted tomato, offering a promising strategy for improving productivity in the Bundelkhand region.
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Introduction
Tomato (Solanum lycopersicum L.) is a globally important horticultural crop valued for its adaptability, nutritional richness and year-round availability, with fruits rich in carotenoids, lycopene, phenols and flavonoids that exhibit antioxidative, anti-carcinogenic and anti-mutagenic properties contributing to the prevention of cardiovascular and cancer-related diseases (Sharma et al. 2022). India plays a major role in global tomato production, accounting for 15.69% of the cultivated area and 10.62% of total output (FAO, 2023). However, the national average yield (24.06 t/ha) remains 32.3% below the global average (35.53 t/ha), primarily due to persistent biotic and abiotic stresses (Flores et al., 2010). In Banda, Uttar Pradesh, these constraints are exacerbated by extreme heat, erratic rainfall, saline groundwater and alkaline soils (pH 7.5-8.5), which adversely affect plant growth, fruit set and quality.
Due to rising restrictions on chemical inputs (Kader, 2001) and slow progress in resistance breeding, grafting has emerged as an effective tool to enhance tomato resilience via rootstock-scion interaction. Grafting was first practiced in China and later introduced to watermelon cultivation in 1920s Japan to control soil-borne disease. It expanded to eggplant in the 1950s and tomato in the 1960s. Adoption increased across Japan and Korea during the 1990s and by the 2000s it was integrated into large-scale production systems in Japan, Europe and the United States to enhance disease resistance and promote sustainability (Lee & Oda, 2003). Its global growth is reflected in a steady rise in grafting-related publications (Bento-da-Silva et al., 2023).In India, ICAR-IIVR initiated grafting in 2015 using interspecific Solanaceous rootstocks for waterlogging tolerance, leading to scalable models such as pomato and brimato by 2024. Parallel efforts included flood-tolerant brinjal rootstocks at IIHR and arid-zone trials by CAZRI between 2015 and 2020.
Beyond its agronomic utility, tomato grafting governs complex physiological anatomical and molecular interactions that regulate scion-rootstock compatibility and overall plant performance (Lee & Oda 2003; Cantero-Navarro et al. 2016). It improves shoot stability, root architecture and resource uptake under adverse conditions and enhances photosynthesis, stomatal conductance and water use efficiency, supporting better growth under salinity, drought and low light stress (Bahadur et al., 2024). 
Grafted plants maintain higher leaf water potential, accumulate osmolytes such as proline and activate antioxidant enzymes that reduce oxidative stress (Fernández-García et al. 2004a). Under waterlogged conditions, tomato scions grafted onto brinjal rootstocks IC-354557 and IC-111056 showed reduced wilting and chlorosis, maintaining chlorophyll stability and yield (Bahadur et al., 2015, 2016). These findings confirm that grafting enhances root traits and stress resilience, ensuring reliable tomato production under challenging conditions. 	Comment by HP: Check the Reference format and correct it
Intra-specific and inter-specific tomato rootstocks are widely used to enhance graft compatibility, stress tolerance and overall plant vigour. Among these, brinjal (Solanum melongena L.) has emerged as a promising rootstock, particularly under soil and environmental stress conditions. It improves yield, fruit quality and physiological resilience through enhanced water relations, root vigour and stress-buffering capacity (Bahadur et al., 2015). Recent evaluations have shown that rootstocks such as Surya, IC-354557 and IC-111056 significantly improve photosynthetic rate, stomatal conductance, root architecture and fruit nutritional traits in tomato scions under stress-prone conditions (Bahadur et al., 2024). These findings align with broader evidence on the role of eggplant rootstocks in conferring tolerance to salinity, heat and waterlogging (Abdelmageed & Gruda, 2009).
The vigorous root system of brinjal facilitates efficient uptake of water and nutrients, thereby supporting improved growth and productivity of grafted tomato scions (Bahadur et al., 2015). Since grafting success is largely influenced by rootstock selection and scion compatibility, identifying physiologically compatible and agronomically suitable combinations is essential for enhancing tomato yield and fruit quality. 
Despite its potential, limited data exist on the compatibility of brinjal rootstocks with commercial tomato cultivars, particularly in the Bundelkhand region where such evaluations remain empirically unreported. Therefore, this study evaluates the performance of tomato scions grafted onto five brinjal rootstocks and correlates root length density, root surface area, root volume and root diameter with fruit yield under Bundelkhand’s agro-climatic constraints.
Materials and Methods
The experiment was carried out in two distinct phases during the Rabi seasons of 2023-2024 and 2024-2025. The initial phase encompassing sowing of rootstock and scion seeds, graft preparation, seedling healing and hardening, was carried out under controlled conditions in the shade net house and healing chamber of the Division of Vegetable Production, ICAR-Indian Institute of Vegetable Research (ICAR-IIVR), Varanasi. The subsequent phase, comprising transplanting, field cultivation and harvesting, was executed at the Vegetable Research Farm, Centre for Protected Cultivation Technology (CPCT), Department of Vegetable Science, Banda University of Agriculture and Technology, Banda, U.P., India. 
Two open-pollinated tomato cultivars, Kashi Aman and Kashi Adarsh, were grafted onto five brinjal rootstocks, comprising two wild types (Solanum torvum and Solanum incanum) and three cultivated lines (IC-111056, Surya and Zippy). Self-rooted plants of both cultivars served as controls for comparative assessment. 
Seeds of above brinjal rootstocks were sown in the last week of August at 1.5-2.0 cm depth inplastic glasses (7 × 9 cm) filled with a 2:1:1:1 mixture of soil, cocopeat, perlite and vermiculite. Due to its slower germination and growth, Solanum torvum was sown earlier in the 2nd week of August. One week later, seeds of two tomato scion cultivars were sown in pots using the same substrate. Both rootstock and scion seedlings were irrigated daily for 25 days. 
Grafting was performed when rootstocks were 21-28 days old, scions 15-25 days old and stem diameter near the cotyledonary node reached 1.5-3.0 mm.Splice grafting was performed by making a 45° slant cut (5-7 mm) above the cotyledonary leaves on both rootstock and scion for proper vascular bundles alignment. Prior to grafting, only one or two emerging scion leaves were retained. The graft union was secured using a silicone clip.
Grafted plants were immediately transferred to a controlled chamber maintained at 22-28°C with relative humidity above 85%, ensured by twice-daily water misting. Natural light intensity (3000-5000 lux) was regulated to 25% of ambient solar radiation.Grafted seedlings were moved to the acclimatization chamber 5-7 days post-grafting, where they received 50% solar radiation. Temperature ranged from 22-35°C and relative humidity from 70-90%. After 12-15 days, seedlings were transplanted into a well-prepared field with the graft union positioned just above ground level. Suckers emerging below the graft union were removed periodically.
The experimental field was enriched with 25 t of FYM and NPK at 115:104:64 kg/ha. Grafted plants were transplanted on both sides of furrow-irrigated raised beds (20 cm high, 90 cm wide) at 75 × 50 cm spacing. Plants were vertically staked up to 125 cm using poles. Hand weeding, hoeing and nitrogen application were carried out at 30 and 60 DAP.	Comment by HP: Mention abbreviation full form 	Comment by HP: Mention abbreviation full form 	Comment by HP: Mention abbreviation full form 
Fruit weight was assessed by collecting all marketable fruits from five randomly tagged plants. Individual fruit weights were measured using a digital balance and the average fruit weight per plant was calculated for analysis. 
Root morphological traits including surface area, volume, diameter and root length density (RLD) were quantified using 400 dpi grey-scale TIFF images captured with a flatbed root scanner (Epson Expression 11000XL, Epson, Suwa, Japan), based on observations recorded from uprooted plants after final harvest.
Statistical analysis 
Data were presented as mean values accompanied by standard error (SE). Treatment differences for physiological and biochemical parameters were evaluated using Duncan’s multiple range test at a 5% significance level. Analysis of variance (ANOVA) and critical difference (CD) values were computed using SPSS version 27.0 (SPSS Inc., Chicago, IL, USA) and Microsoft Excel’s built-in data analysis tools.
RESULTS AND DISCUSSION
Across the 2023-24 and 2024-25 seasons maximum fruit weight was consistently recorded when Kashi Aman was grafted onto IC111056 and Surya. In 2023-24, Grafted combinations Surya/Kashi Aman (66.31 g) and IC111056/Kashi Adarsh (61.42 g) achieved significantly higher fruit weights than ungrafted Kashi Aman (48.70 g) and Kashi Adarsh (46.48 g) reflecting respective increases of 36.09% and 32.18%. In 2024-25, IC111056/Kashi Aman (65.42 g) and IC111056/Kashi Adarsh (60.92 g) again outperformed their ungrafted counterparts (53.84 g; 45.59 g) registering improvements of 21.56% and 33.65%, respectively. Pooled analysis confirmed the consistent superiority of IC111056/Kashi Aman (64.30 g), Surya/Kashi Aman (63.68 g) and IC111056/Kashi Adarsh (61.17 g), which exceeded the performance of Kashi Aman (51.27 g) and Kashi Adarsh (46.03 g) by 25.4%, 24.2% and 32.9%, respectively (Table 1.)(Fig.1). The enhancement in fruit weight under grafted conditions is attributed to the synergistic interaction between a vigorous root system and a compatible scion genotype, which collectively improve nutrient uptake (Bahadur et al., 2024; Mauro et al., 2020). Average fruit weight reflects sink strength and translocation efficiency, both governed by rootstock-scion dynamics that facilitate biomass accumulation (Reshma et al., 2024; Turhan et al., 2011). These results are consistent with previous studies reporting graft-induced improvements in fruit biomass, source-sink coordination and physiological efficiency across diverse tomato genotypes and rootstock combinations (Verma et al., 2025; Nimbalkar et al., 2025; Saritha et al., 2024; Perin et al., 2023 and Chandanshive et al., 2023).
Root architecture:Root morphological traits such as surface area, volume, root length density (RLD) and diameter showed significant variation in response to different rootstocks.
Maximum root length density across 2023-24 and 2024-25 was consistently achieved when Kashi Aman was grafted onto IC111056 and Surya (Table 2-3) (Fig.1). In 2023-24, IC111056/Kashi Aman (6268.65 cm/m³) and IC111056/Kashi Adarsh (5765.43 cm/m³) showed substantial improvements over ungrafted Kashi Aman (4669.53 cm/m³) and Kashi Adarsh (3327.00 cm/m³). In 2024-25, IC111056/Kashi Aman (6561.98 cm/m³) and IC111056/Kashi Adarsh (5737.82 cm/m³) again outperformed their ungrafted counterparts (4978.25 cm/m³; 3460.35 cm/m³). Pooled analysis confirmed the consistent superiority of IC111056/Kashi Aman (6415.32 cm/m³), Surya/Kashi Aman (6199.79 cm/m³) and IC111056/Kashi Adarsh (5751.63 cm/m³), which exceeded the performance of Kashi Aman (4823.89 cm/m³) and Kashi Adarsh (3393.68 cm/m³) by 32.9%, 28.6% and 69.5%, respectively.
Across both seasons, grafting Kashi Aman onto Surya and Zippy consistently resulted in the highest root surface area. In 2023-24 Zippy/Kashi Aman (1541.51 cm²) and Surya/Kashi Aman (1314.93 cm²) showed clear advantages over ungrafted Kashi Aman (1197.97 cm²) and Kashi Adarsh (959.03 cm²). In 2024-25, Surya/Kashi Aman (1614.01 cm²) and Zippy/Kashi Aman (1511.72 cm²) again surpassed their ungrafted counterparts (1376.98 cm²;1208.71 cm²). Pooled analysis confirmed the consistent superiority of Zippy/Kashi Aman (1526.62 cm²), Surya/Kashi Aman (1464.47 cm²) and IC111056/Kashi Aman (1347.11 cm²), which exceeded Kashi Aman (1287.48 cm²) by 18.6%, 13.8% and 4.6%, respectively. 
Root diameter exhibited consistent enhancement across both 2023-24 and 2024-25 when Kashi Aman was grafted onto IC111056 and Surya. In 2023-24, IC111056/Kashi Aman (1.287 mm) recorded the highest diameter, representing a 60.7% increase over ungrafted Kashi Aman (0.801 mm). IC111056/Kashi Adarsh (0.956 mm) also showed a notable improvement of 30.4% compared to ungrafted Kashi Adarsh (0.733 mm). During 2024-25, Surya/Kashi Aman (1.174 mm) and IC111056/Kashi Aman (1.149 mm) maintained superior performance, with respective increases of 38.6% and 35.6% over Kashi Aman (0.847 mm), while IC111056/Kashi Adarsh (1.008 mm) exceeded Kashi Adarsh (0.785 mm) by 28.4%. Pooled analysis confirmed the consistent superiority of IC111056/Kashi Aman (1.218 mm), Surya/Kashi Aman (1.104 mm) and Zippy/Kashi Aman (1.083 mm), surpassing the ungrafted Kashi Aman (0.824 mm) by 47.9%, 33.9% and 31.4%, respectively.
Root volume was consistently enhanced when Kashi Aman was grafted onto Surya and IC111056 across both seasons. In 2023-24, Surya/Kashi Aman (18.00 cm³), IC111056/Kashi Adarsh (16.82 cm³) and IC111056/Kashi Aman (15.64 cm³) significantly outperformed ungrafted Kashi Aman (13.17 cm³) and Kashi Adarsh (9.12 cm³). In 2024-25, IC111056/Kashi Aman (17.15 cm³) and Surya/Kashi Aman (16.93 cm³) again led, followed by Zippy/Kashi Aman (15.51 cm³) and IC111056/Kashi Adarsh (14.88 cm³), all superior to their respective controls. Pooled analysis confirmed the consistent superiority of Surya/Kashi Aman (17.47 cm³) and IC111056/Kashi Aman (16.40 cm³), exceeding ungrafted Kashi Aman (13.11 cm³) by 33.2% and 25.1%, respectively. A strong positive correlation was observed between fruit weight and key root traits, including root volume, root length density (RLD), root surface area, root diameter and total root length across grafted tomato combinations. These traits, markedly enhanced by vigorous brinjal rootstocks such as IC111056, Surya and Zippy, facilitated improved water and nutrient acquisition, thereby promoting greater assimilate translocation toward developing fruits. Bahadur et al. (2024) similarly reported that grafting tomato onto brinjal rootstocks significantly increased fruit number, size and weight, alongside improvements in root volume and RLD. Bayındır and Kandemir (2023)further emphasized a strong correlation between tomato yield and root traits-specifically root surface area, root volume, root length density (RLD) and root diameter when grafted onto eggplant. Collectively, these findings underscore the central role of root system architecture in regulating fruit biomass accumulation under grafted conditions.
The grafting of tomato cultivars Kashi Aman and Kashi Adarsh onto brinjal rootstocks IC111056, Surya and Zippy resulted in significant improvements in fruit weight and root architecture traits under the challenging agro-climatic conditions of the Bundelkhand region. The study revealed that IC111056 and Surya rootstocks consistently enhanced fruit weight across both seasons, with IC111056/Kashi Aman showing the highest performance. Root traits were markedly improved in grafted combinations, particularly IC111056/Kashi Aman and Surya/Kashi Aman. IC111056 and Surya performed best across both seasons, showing better root growth and helping more nutrients reach the fruits. These combinations showed good adaptability to alkaline soils and irregular rainfall, which may be due to the stress tolerance of the rootstocks. Further studies should test these rootstocks under salinity, waterlogging and drought, using physiological traits and multi-location trials to select the best options for sustainable tomato farming in Bundelkhand.
Table 1. Pooled effect of grafting combinations on fruit number per plant and average fruit weight in tomato (Solanum lycopersicum L.) during 2023-24 and 2024-25, with mean separation by DMRT (P < 0.05).
	S. No.
	Treatment
	Average fruit weight (g)

	
	
	Years
	Pooled

	
	
	2023-24
	2024-25
	

	1
	S. torvum /Kashi Aman
	53.11 ± 3.56ᵉᶠ
	54.29 ± 3.60ᶜᵈ
	53.70 ± 3.57ᵈᵉ

	2
	S. incanum/Kashi Aman
	43.59 ± 2.96ᵍʰ
	41.71 ± 2.97ᶠ
	42.65 ± 2.80ʰᶦ

	3
	IC111056/Kashi Aman
	63.19 ± 3.75ᵃᵇ
	65.42 ± 6.38ᵃ
	64.30 ± 4.22ᵃ

	4
	Surya/Kashi Aman
	66.31 ± 3.60ᵃ
	61.05 ± 2.60ᵃᵇ
	63.68 ± 0.51ᵃ

	5
	Zippy/Kashi Aman
	56.99 ± 3.58ᶜᵈᵉ
	58.07 ± 4.13ᵇᶜ
	57.53 ± 3.70ᵇᶜᵈ

	6
	S. torvum/Kashi Adarsh
	47.27 ± 3.52ᵍ
	50.31 ± 5.42ᵈᵉ
	48.79 ± 4.43ᶠᵍ

	7
	S. incanum/Kashi Adarsh
	39.82 ± 1.83ʰ
	43.06 ± 6.79ᶠ
	41.44 ± 3.72ᶦ

	8
	IC111056/Kashi Adarsh
	61.42 ± 6.50ᵃᵇᶜ
	60.92 ± 4.60ᵃᵇ
	61.17 ± 5.52ᵃᵇ

	9
	Surya/Kashi Adarsh
	59.74 ± 3.90ᵇᶜᵈ
	57.28 ± 6.04ᵇᶜ
	58.51 ± 4.96ᵇᶜ

	10
	Zippy/Kashi Adarsh
	55.48 ± 3.00ᵈᵉ
	56.82 ± 3.11ᵇᶜ
	56.15 ± 3.01ᶜᵈ

	11
	Kashi Aman (Ungrafted)
	48.70 ± 3.90ᶠᵍ
	53.84 ± 3.64ᶜᵈ
	51.27 ± 3.76ᵉᶠ

	12
	Kashi Adarsh (Ungrafted)
	46.48 ± 3.70ᵍ
	45.59 ± 1.29ᵉᶠ
	46.03 ± 2.17ᵍʰ

	Mean
	53.51
	54.03
	53.77

	C.D. 5%
	1.808
	1.678
	1.440

	S.E. (m)
	5.303
	4.921
	4.223

	C.V.
	5.853
	5.379
	4.638



Table 2. Mean values of root length density (cm/m³) and root surface area (cm²) in tomato (Solanum lycopersicum L.) during 2023-24, 2024-25 and pooled analysis. Same letters indicate non-significant difference (P < 0.05, DMRT).
	S. No.
	Treatment
	Root Length Density (cm/m3)
	Root Surface Area (cm2)

	
	
	Years
	Pooled
	Years
	Pooled

	
	
	2023-24
	2024-25
	
	2023-24
	2024-25
	

	1
	S. torvum /Kashi Aman
	3861.57 ± 201.52ᵉ
	3817.83 ± 289.17ᵉᶠ
	3839.70 ± 91.60ᵉ
	1009.60 ± 28.50ᵈᵉᶠ
	1269.20 ± 31.10ᵈᵉ
	1139.40 ± 27.87ᵈᵉ

	2
	S. incanum/Kashi Aman
	2681.17 ± 241.05ᵍ
	2505.30 ± 102.81ʰ
	2593.24 ± 146.81ᵍ
	907.75 ± 124.23ᶠᵍ
	815.32 ± 107.86ʰ
	861.54 ± 112.68ᶠ

	3
	IC111056/Kashi Aman
	6268.65 ± 98.94ᵃ
	6561.98 ± 326.35ᵃ
	6415.32 ± 205.27ᵃ
	1288.84 ± 90.11ᵇ
	1405.37 ± 138.21ᵇᶜ
	1347.11 ± 24.95ᵇ

	4
	Surya/Kashi Aman
	5999.79 ± 318.99ᵃᵇ
	6399.79 ± 200.01ᵃ
	6199.79 ± 226.63ᵃ
	1314.93 ± 7.61ᵇ
	1614.01 ± 38.50ᵃ
	1464.47 ± 15.67ᵃ

	5
	Zippy/Kashi Aman
	4177.92 ± 168.23ᵉ
	4675.02 ± 265.07ᶜᵈ
	4426.47 ± 68.76ᵈ
	1541.51 ± 99.52ᵃ
	1511.72 ± 49.97ᵃᵇ
	1526.62 ± 69.94ᵃ

	6
	S. torvum/Kashi Adarsh
	3054.64 ± 140.09ᶠ
	4261.57 ± 153.35ᵈᵉ
	3658.11 ± 96.66ᵉᶠ
	993.98 ± 39.14ᵉᶠ
	1131.04 ± 135.20ᶠᵍ
	1062.51 ± 55.99ᵉ

	7
	S. incanum/Kashi Adarsh
	2071.97 ± 243.37ʰ
	3258.31 ± 159.09ᵍ
	2665.14 ± 107.09ᵍ
	816.63 ± 104.67ᵍ
	1073.90 ± 26.06ᵍ
	945.26 ± 62.89ᶠ

	8
	IC111056/Kashi Adarsh
	5765.43 ± 166.95ᵇ
	5737.82 ± 379.67ᵇ
	5751.63 ± 269.82ᵇ
	1202.59 ± 53.47ᵇᶜ
	1423.66 ± 54.35ᵇᶜ
	1313.13 ± 47.56ᵇ

	9
	Surya/Kashi Adarsh
	5337.83 ± 263.47ᶜ
	6065.43 ± 539.85ᵃᵇ
	5701.63 ± 390.41ᵇ
	1096.25 ± 90.61ᶜᵈᵉ
	1320.29 ± 52.82ᶜᵈᵉ
	1208.27 ± 70.47ᶜᵈ

	10
	Zippy/Kashi Adarsh
	4075.02 ± 234.15ᵉ
	5169.53 ± 343.71ᶜ
	4622.28 ± 206.96ᶜᵈ
	1120.95 ± 46.87ᶜᵈ
	1303.54 ± 43.95ᶜᵈᵉ
	1212.25 ± 27.57ᶜᵈ

	11
	Kashi Aman (Ungrafted)
	4669.53 ± 155.64ᵈ
	4978.25 ± 515.47ᶜ
	4823.89 ± 308.33ᶜ
	1197.97 ± 62.09ᵇᶜ
	1376.98 ± 56.18ᶜᵈ
	1287.48 ± 58.95ᵇᶜ

	12
	Kashi Adarsh (Ungrafted)
	3327.00 ± 148.22ᶠ
	3460.35 ± 348.01ᶠᵍ
	3393.68 ± 174.21ᶠ
	959.03 ± 35.18ᶠ
	1208.71 ± 33.55ᵉᶠ
	1083.87 ± 21.83ᵉ

	
	Mean
	4274.21
	4740.93
	4507.57
	1120.84
	1287.81
	1204.32

	
	Sem
	124.683
	190.108
	123.947
	40.451
	41.522
	29.454

	
	CD 5%
	365.649
	557.518
	363.490
	118.630
	121.769
	86.378

	
	CV
	5.053
	6.945
	4.763
	6.251
	5.585
	4.236


Table 3. Mean values of root diameter (mm) and root volume (cm³) in tomato (Solanum lycopersicum L.) during 2023-24, 2024-25 and pooled analysis. Same letters indicate non-significant difference (P < 0.05, DMRT)
	S. No.
	Treatment
	Root Diameter (mm)
	Root Volume (cm3)

	
	
	Years
	Pooled
	Years
	Pooled

	
	
	2023-24
	2024-25
	
	2023-24
	2024-25
	

	1
	S. torvum /Kashi Aman
	0.752 ± 0.015ᵉᶠᵍ
	0.779 ± 0.007ᵈᵉᶠ
	0.766 ± 0.101ᵈᵉᶠ
	9.834 ± 0.941ᶠᵍ
	10.219 ± 0.853ᵈ
	10.027 ± 0.157ᶠ

	2
	S. incanum/Kashi Aman
	0.723 ± 0.036ᵉᶠᵍ
	0.636 ± 0.065ʰ
	0.680 ± 0.015ᵍ
	8.582 ± 1.033ʰ
	9.513 ± 0.917ᵈᵉ
	9.048 ± 0.058ᵍʰ

	3
	IC111056/Kashi Aman
	1.287 ± 0.104ᵃ
	1.149 ± 0.032ᵃ
	1.218 ± 0.066ᵃ
	15.642 ± 0.983ᵇ
	17.148 ± 0.694ᵃ
	16.395 ± 0.434ᵇ

	4
	Surya/Kashi Aman
	1.034 ± 0.055ᵇᶜ
	1.174 ± 0.026ᵃ
	1.104 ± 0.017ᵇ
	18.000 ± 0.125ᵃ
	16.934 ± 0.884ᵃ
	17.467 ± 0.469ᵃ

	5
	Zippy/Kashi Aman
	1.086 ± 0.060ᵇ
	1.080 ± 0.096ᵇ
	1.083 ± 0.018ᵇ
	14.403 ± 0.951ᶜ
	15.509 ± 1.154ᵇ
	14.956 ± 0.903ᶜ

	6
	S. torvum/Kashi Adarsh
	0.711 ± 0.033ᶠᵍ
	0.718 ± 0.004ᶠᵍ
	0.715 ± 0.017ᶠᵍ
	8.718 ± 0.954ᵍʰ
	9.619 ± 1.249ᵈᵉ
	9.169 ± 0.865ᶠᵍʰ

	7
	S. incanum/Kashi Adarsh
	0.680 ± 0.024ᵍ
	0.769 ± 0.022ᵉᶠᵍ
	0.725 ± 0.018ᶠᵍ
	9.034 ± 0.081ᵍʰ
	8.754 ± 0.921ᵉ
	8.894 ± 0.493ʰ

	8
	IC111056/Kashi Adarsh
	0.956 ± 0.047ᶜ
	1.008 ± 0.012ᶜ
	0.982 ± 0.022ᶜ
	16.821 ± 0.949ᵃᵇ
	14.879 ± 1.684ᵇ
	15.851 ± 1.252ᵇᶜ

	9
	Surya/Kashi Adarsh
	0.777 ± 0.038ᵉᶠ
	0.820 ± 0.012ᵈᵉ
	0.799 ± 0.023ᵈᵉ
	11.982 ± 0.125ᵈᵉ
	9.969 ± 0.186ᵈᵉ
	10.975 ± 0.031ᵉ

	10
	Zippy/Kashi Adarsh
	0.872 ± 0.025ᵈ
	0.703 ± 0.048ᵍʰ
	0.788 ± 0.025ᵈᵉ
	10.893 ± 0.112ᵉᶠ
	12.434 ± 1.131ᶜ
	11.664 ± 0.619ᵉ

	11
	Kashi Aman (Ungrafted)
	0.801 ± 0.027ᵈᵉ
	0.847 ± 0.017ᵈ
	0.824 ± 0.013ᵈ
	13.172 ± 0.081ᵈ
	13.038 ± 1.127ᶜ
	13.105 ± 0.603ᵈ

	12
	Kashi Adarsh (Ungrafted)
	0.733 ± 0.020ᵉᶠᵍ
	0.785 ± 0.008ᵈᵉᶠ
	0.760 ± 0.007ᵉᶠ
	9.121 ± 0.119ᵍʰ
	10.728 ± 0.857ᵈ
	9.925 ± 0.481ᶠᵍ

	
	Mean
	0.87
	0.88
	0.87
	12.18
	12.40
	12.29

	
	Sem
	0.033
	0.031
	0.029
	0.414
	0.421
	0.313

	
	CD 5%
	0.097
	0.092
	0.084
	1.214
	1.233
	0.917

	
	CV
	6.600
	6.230
	5.718
	5.887
	5.877
	4.405
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Fig. 1. Pooled analysis graph illustrating (1) average fruit weight, (2) root length density, (3) root surface area, (4) root volume, and (5) root diameter. Bars represent mean values; those sharing the same alphabetical letter are not significantly different (P < 0.05), as determined by Duncan’s Multiple Range Test (DMRT) at the respective measurement intervals.	Comment by HP: Make sure that the graph test should be properly and clearly visible	Comment by HP: Make sure that the graph test should be properly and clearly visible	Comment by HP: Make sure that the graph test should be properly and clearly visible	Comment by HP: Make sure that the graph test should be properly and clearly visible
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