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ABSTRACT 

 
This study evaluated the growth, yield, and fruit quality of grafted and non-grafted 

tomato (Lycopersicon esculentum Mill.) cultivars under protected cultivation. 

Conducted from March to July 2024 at Bhattarai Shiva Shakti Krishi Farm, 

Bhaktapur, Nepal, the experiment used two cultivars, Heemsikhar and Srijana, as 

scions grafted onto Solanum torvum (wild brinjal) rootstock. Four treatments— 

T1: Grafted Heemsikhar, T2: Control Heemsikhar, T3: Grafted Srijana, and T4: 

Control Srijana—were put in a randomized complete block design with five 

replications. Key parameters, including plant growth, fruit yield, and quality traits 

such as firmness, total soluble solids (TSS), titratable acidity (TA), sugar-acid 

ratio, and vitamin C content, were assessed. Grafting significantly improved fruit 

yield, TA, and vitamin C content but had no effect on plant height, stem diameter, 

fruit firmness, TSS, or sugar-acid ratio. The T3 (Grafted Srijana) treatment 

yielded the highest fruit weight, with 129.60 g/plant in the first harvest and 121.30 

g/plant in the second. T1 (Grafted Heemsikhar) followed, with yields of 112.01 

g/plant and 84.60 g/plant at the respective harvests. T3 also recorded the highest 

TA and vitamin C content, highlighting its potential for enhancing both yield and 

nutritional quality. These findings provide valuable insights for optimizing tomato 

cultivation through grafting and offer practical recommendations for improving 

productivity and fruit quality under protected conditions. 
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INTRODUCTION 

Tomato (Lycopersicon esculentum Mill.), with a chromosome number of 2n = 

24, is one of the most widely cultivated and consumed vegetables globally. In 

Nepal, it ranks as the third most cultivated vegetable, following cabbage and 

cauliflower, covering an area of 22,911 hectares, which constitutes 7.9% of the 

total vegetable cultivation area. The annual production of tomatoes in Nepal is 

approximately 30,523 metric tons (MoALD, 2023). 

Tomatoes are prone to various biotic and abiotic stresses, including soil-borne 

diseases, temperature fluctuations, variations in relative humidity, light 

intensity, soil moisture, and nutrient availability. These stressors can limit 

nutrient uptake, disrupt temperature regulation, and exacerbate soil-borne 

infections, leading to physiological disorders that negatively impact fruit yield 

and quality (Lee and Oda, 2002). As a result, grafting has emerged as a 

promising strategy to improve tomato plant productivity and fruit quality by 

enhancing plant vigor and increasing tolerance to both biotic and abiotic 

stresses. This approach is particularly valuable in low-input, sustainable, and 

organic agricultural systems. 

Grafting of herbaceous plants, especially for commercial greenhouse 

production of selected vegetable crops, is a widely practiced technique. It is 

typically performed shortly after seed germination, when plants are still small, 

by grafting the rootstock to enhance specific plant traits. Numerous benefits of 

grafting have been identified, including improved resilience to extreme 

temperatures (Rivero et al., 2003; Venema et al., 2008), enhanced nutrient 

uptake (Colla et al., 2010a), increased endogenous hormone synthesis (Dong 

et al., 2008), better water-use efficiency (Rouphael et al., 2008), and reduced 

uptake of persistent organic pollutants from agricultural soils (Otani and Seike, 

2007). Additionally, grafting has been shown to improve tolerance to alkaline 

conditions (Colla et al., 2010b), salinity, flooding (Fernández-García et al., 

2004; Yetisir et al., 2006; Martínez-Rodríguez et al., 2008; He et al., 2009), 

and heavy metal toxicity (Savvas et al., 2010). The robust root system of 

grafted plants further enhances nutrient and water absorption, surpassing non- 

grafted plants in efficiency (Lee and Oda, 2002), while providing greater 

resistance to soil-borne diseases (Ioannou, 2001; Crinò et al., 2007; Morra and 

Bilotto, 2006). 

Furthermore, tomato grafting has been shown to mitigate the effects of salinity 

(Estan, 2005), soil-borne diseases (Louws et al., 2010), and improve nutrient 

and water absorption (López-Pérez et al., 2006; El-Shraiy et al., 2011; Voutsela 

et al., 2012). Grafting also aids in nematode control and enhances tolerance to 
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high temperatures (Rivero et al., 2003), making it an effective approach to 

improve plant vigor and fruit yield (Barret and Zhao, 2012). However, there is 

limited research on the effects of grafting methods on tomato plants in Nepal. 

This study aims to assess the impact of grafting on tomato growth 

characteristics, yield performance, and fruit quality, comparing grafted and 

non-grafted tomato cultivars under field conditions. The results of this study 

will provide valuable insights into the potential benefits of grafting for 

enhancing tomato production and will inform horticultural practices in Nepal, 

especially in low-input agricultural systems. 

 

MATERIALS AND METHODS 

 
The study was conducted at Bhattrai Shiva-Shakti Krishi Farm, located in 

Suryabinayak-10, Bhaktapur, Nepal, with GPS coordinates approximately 

27.6712° N latitude and 85.4370° E longitude. The region has a subtropical 

highland climate, characterized by distinct seasons and significant solar 

radiation. The farm receives an annual rainfall averaging around 2596 mm, 

with the majority occurring during the monsoon season from June to September 

(Weather and Climate. (2023). 

Experimental Design and Treatments 

 

The experiment was structured as a Randomized Complete Block Design (RCBD) 

with four treatments, each replicated five times. The total experimental plot 

consisted of 20 plants, with each replication containing four plants. The treatments 

were as follows shown in table 1. 

Table 1. Treatment details 

 
Treatments Rootstock/ Scion 

T1 Grafted Heemsikhar (wild brinjal * Heemsikhar) 

T2 Control Heemsikhar 

T3 Grafted Srijana (wild brinjal * Srijana) 

T4 Control Srijana 

 

The experiment was carried out under a plastic tunnel with a total length of 7.8 

meters and a width of 4.26 meters. The seedlings were planted in raised beds, 

each 2 feet in width and 27 feet in length, raised 1 cm above the ground. A 

plant-to-plant spacing of 30 cm was maintained, with 60 cm between beds. 

Experimental units were clearly labeled for treatment identification. 
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The treatments in this study involved different rootstock-scion combinations to 

evaluate their impact on tomato plant growth, yield, and fruit quality (Table 1). 

The tomato variety under experiment were Srijana and Heemsikhar while the 

rootstock for grafting purpose was Wild Brinjal (Solanum torvum). The 

treatment T1 consisted of grafted Heemsikhar, using wild brinjal (Solanum 

torvum) as the rootstock and Heemsikhar as the scion. Treatment T2 served as 

the control for Heemsikhar, where non-grafted Heemsikhar plants were used. 

Treatment T3 involved grafted Srijana, where wild brinjal was paired with 

Srijana as the scion. Treatment T4 acted as the control for Srijana, consisting 

of non-grafted Srijana plants. 

Observational Parameters 

The following parameters were observed and recorded at 5 and 10 weeks 

after planting: 

1. Growth Parameters: Three plants were randomly selected from each 

replication, excluding the boundary plants, for biometric observations. Plant 

height was measured using a measuring scale, while stem diameter was 

recorded 15 cm above the ground using a Vernier caliper, and the data were 

expressed in centimeters. 

 

2. Yield: Yield was evaluated following the first and second harvests. The total 

fruit weight from each plant was measured and expressed as grams per plant. 

 

3. Firmness: Fruit firmness was measured using a digital penetrometer and 

expressed in kg/cm². 

 
4. Total Soluble Solids (TSS): TSS content was determined using a 

refractometer and expressed in degrees Brix (°Brix). 

 

5. Titratable Acidity (TA): TA was determined by titration with 0.1 N sodium 

hydroxide (NaOH) using phenolphthalein as an indicator, and results were 

expressed as percentage citric acid. Acidity percentage was calculated using 

the following formula: Percentage Acidity= titer value * acidity factor * 

100%  volume of aliquot (Majidi et al., 2011). 
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6. Sugar-acid ratio (TSS/TA): The sugar acid ratio of the fruit was calculated 

by using the given formula: Sugar acid ratio = Brix value / % acidity 

 

7. Vitamin C content: Vitamin C Content: Total vitamin C content was 

determined using a volumetric method. The amount of ascorbic acid 

(mg/100 ml sample) was calculated using the formula: 

0.5mg / V1ml X V2ml / 5ml X 100ML / Wt. of the sample X 100 

Where, V1= amount of dye solution consumed by 4% oxalic acid 

V2 = amount of dye consumed by working solution (G et al., 2020) 

 

 

Statistical Analysis 

Data analysis was performed using R-Studio and Microsoft Excel. An 

analysis of variance (ANOVA) was conducted to assess the significance of 

differences across treatments for all observed parameters. 

RESULTS AND DISCUSSION 

Impact of Grafting on Plant Height in Tomato Cultivars 

 

The study revealed significant differences in plant height between grafted and 

non-grafted tomato plants (Table 2). Non-grafted plants consistently exhibited 

higher plant heights at all stages of growth. Specifically, the control treatment T2 

(Heemsikhar) recorded the highest plant height at the 5th week (76.43 cm) and 

10th week (144.27 cm) post-transplanting. Similarly, T4 (Control Srijana) showed 

substantial growth with heights of 73.27 cm at week 5 and 137.98 cm at week 10. 

In contrast, grafted plants (T1, Grafted Heemsikhar) showed significantly lower 

plant heights, with values of 36.93 cm at week 5 and 84.55 cm at week 10. 

 

This trend aligns with findings from Khah et al. (2006) and Parajuli (2019), which 

suggested that non-grafted tomato plants generally exhibit superior growth in 

terms of plant height. The differences observed in plant height between grafted 

and non-grafted plants can be attributed to the rootstock-scion interaction. Non- 

grafted plants benefit from direct nutrient and water supply from their root system, 

supporting faster initial growth and greater plant height. 

 

Influence of Grafting on Stem Diameter in Tomato Plants 

Significant differences in stem diameter were observed between grafted and non- 

grafted tomato plants (Figure 1). At the 5th week after transplanting, non-grafted 

plants, particularly T2 (Control Heemsikhar), exhibited the largest stem diameter 
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at 3.562 cm, followed by T4 (Control Srijana) at 3.074 cm. However, by the 10th 

week, grafted treatments showed considerable improvements in stem diameter. 

T3 (Grafted Srijana) recorded the highest diameter at 7.634 cm, closely followed 

by T1 (Grafted Heemsikhar) at 6.954 cm. The non-grafted treatment T4 (Control 

Srijana) had a slightly smaller diameter of 6.486 cm. 

 

Table 2. Performance of grafted and non-grafted tomato plants for plant 

height 
 

Treatments Height of Plant (cm) 

5th Week 10th Week 

T1 (Grafted Heemsikhar) 36.93 a 84.55 c 

T2 (Control Heemsikhar) 76.43 a 144.27 a 

T3 (Grafted Srijana) 53.15 b 126.93 b 

T4 (Control Srijana) 73.27 a 137.98 a 

Mean 59.95 123.43 

CV at 5% 5.2 3.7 

LSD 4.3 6.4 

 

These findings align with the observations of Parajuli (2019), who reported 

similar trends in stem diameter between grafted and non-grafted tomato plants. 

The early growth advantage observed in non-grafted plants can be attributed to 

direct nutrient absorption and resource allocation, enabling a strong root system 

and promoting vegetative growth in the initial stages. 

 

However, by the 10th week, grafted plants (T3 and T1) exhibited significant 

improvement in stem diameter. This suggests that the grafted rootstocks, with 

their enhanced nutrient uptake, disease resistance, and better tolerance to 

environmental stressors, began to show their advantages, leading to stronger 

growth. The larger stem diameters in grafted treatments, especially T3 (Grafted 

Srijana), may also indicate that the rootstocks provided robust support to the scion 

as the plants matured. Overall, these results suggest that while grafting may cause 

a temporary lag in vegetative growth, it ultimately contributes positively to the 

structural integrity and long-term performance of tomato plants. 

 

Yield Results of Grafted and Non-Grafted Tomato Plants 

 

The yield results clearly favor grafting in terms of fruit production (Table 3). 

Grafted plants (T3, Grafted Srijana) produced the highest fruit yield, with 129.60 

g in the 1st harvest and 121.30 g in the 2nd. Grafted Heemsikhar (T1) also yielded 

higher than non-grafted plants, with 112.01 g in the 1st harvest and 84.60 g in the 
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2nd. Non-grafted Heemsikhar (T2, Control) exhibited the lowest yields, with 

57.68 g in the 1st harvest and 77.55 g in the 2nd. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 1. Performance of grafted and non-grafted tomato plants for stem 

diameter 

These findings confirm the positive impact of the 'Wild brinjal' rootstock in 

enhancing fruit yield, supporting previous studies (Leonardi & Giuffrida, 2006; 

Rivard & Louws, 2008). The superior root system of the grafted plants, attributed 

to the 'Wild brinjal' rootstock, contributed to better disease resistance, drought 

tolerance, and nutrient uptake, leading to higher yields. 

Although non-grafted plants showed lower yields, they still produced a reasonable 

amount of fruit at the second harvest (77.55 g). This suggests that while grafting 

provides an immediate yield advantage, non-grafted plants remain capable of 

substantial fruit production. 

 

Impact of Grafting on Tomato Fruit Firmness (kg/cm²) 

Grafting did not significantly affect tomato fruit firmness in this study. Non- 

grafted plants (T2, Control Heemsikhar) had the highest firmness at 3.29 kg/cm², 

while grafted plants (T1, Grafted Heemsikhar and T3, Grafted Srijana) showed 

lower firmness values of 2.21 kg/cm² and 2.50 kg/cm², respectively. Interestingly, 

T4 (Control Srijana) exhibited the lowest firmness at 1.39 kg/cm². 
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Table 3. Performance of grafted and non-grafted tomato plants for fruit 

yield 
 

Treatments Yield (g/plant) 

1st Harvest 2nd Harvest 

T1 (Grafted Heemsikhar) 112.01 a 84.60 b 

T2 (Control Heemsikhar) 57.68 b 77.55 b 

T3 (Grafted Srijana) 129.60 a 121.30 a 

T4 (Control Srijana) 82.88 b 83.00 b 

Mean 95.54 91.61 

CV at 5% 20.44 25.85 

LSD 26.91 32.63 

The minimal impact of grafting on firmness can be attributed to several factors, 

including the complex nature of fruit firmness, which is influenced by genotype, 

environmental conditions, and harvest maturity. Grafting may not directly affect 

the biochemical or structural components responsible for firmness, such as cell 

wall composition or turgor pressure. Additionally, harvest timing and post-harvest 

handling could contribute to firmness variations, though fruits were harvested at 

similar stages. These results align with studies by Leoni et al. (1991) and Romano 

& Paratore (2001), which also found no significant effect of grafting on tomato 

fruit firmness. While grafting enhances yield and disease resistance, its impact on 

fruit texture appears minimal. Further studies may explore whether grafting 

influences firmness under different conditions. 

Influence of Grafting on Titratable Acidity in Tomato Fruits 

Grafted tomato plants showed higher titratable acidity (TA) than non-grafted 

ones, with T3 (Grafted Srijana) having the highest TA at 0.073%, followed by T1 

(Grafted Heemsikhar) at 0.061%. Non-grafted plants (T2 and T4) had lower 

acidity levels, ranging from 0.048% to 0.062%. This result aligns with Parajuli 

(2017), who observed similar findings in grafted tomatoes. 

Table 4. Performance of grafted and non-grafted tomato plants for fruit 

firmness 

Treatments Firmness (kg/cm2) 

T1 (Grafted Heemsikhar) 2.21 a 

T2 (Control Heemsikhar) 3.29 a 

T3 (Grafted Srijana) 2.50 a 

T4 (Control Srijana) 1.39 a 

Mean 2.35 

CV at 5% 41.70 

LSD 1.9 
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Figure 2. Performance of grafted and non-grafted tomato plants for Total 

Soluble Solids 

Increased acidity can enhance flavor in some cultivars but may be less desirable 

for consumers preferring milder tomatoes. The higher acidity in grafted plants 

could be due to the rootstock's impact on nutrient uptake and acid synthesis, 

particularly the 'Wild brinjal' rootstock. Overall, grafting influences tomato fruit 

acidity, and the rootstock choice is crucial for both fruit quality and consumer 

preferences. Further studies are needed to explore the effects of different 

rootstocks under various environmental conditions 

Table 5. Performance of grafted and non-grafted tomato plants for 

titratable acidity 

Treatments Titratable Acidity (%) 

T1 (Grafted Heemsikhar) 0.061 b 

T2 (Control Heemsikhar) 0.048 c 

T3 (Grafted Srijana) 0.073 a 

T4 (Control Srijana) 0.062 b 

Mean 0.061 

CV at 5% 3.62 

LSD 0.004 

 

Impact of Grafting on the TSS/TA Ratio in Tomato Fruits 

The TSS/TA ratio, representing the balance between sweetness (TSS) and acidity 

(TA), was found to be lower in the grafted plants compared to the non-grafted 

counterparts in this study (Table 6). Specifically, T1 (Grafted Heemsikhar) had a 

TSS/TA ratio of 82.51, which was significantly higher than T2 (Control 

Heemsikhar) at 106.51. Similarly, T3 (Grafted Srijana) exhibited a lower TSS/TA 

ratio (70.02) compared to T4 (Control Srijana) at 81.10. This indicates that 

grafting may influence the relative concentrations of sugars and acids in tomato 
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fruits, resulting in a noticeable difference in the sweetness-to-acidity balance. The 

lower TSS/TA ratio in grafted plants could suggest that grafting, while potentially 

increasing titratable acidity, may also have a mitigating effect on sugar 

accumulation, leading to a less pronounced sweetness. This could have a 

significant impact on the flavor profile of the fruit, as tomatoes with a higher 

TSS/TA ratio are typically perceived as sweeter, while a lower ratio may indicate 

a more acidic or tangy taste. 

These findings contrast with the studies of Turhan et al. (2011), Mohammed et al. 

(2012), and Ibrahim et al. (2001), which reported different TSS/TA ratios under 

similar grafting conditions. The discrepancies in results might be attributed to 

differences in experimental conditions such as rootstock variety, growing 

environment, and cultivation practices. Additionally, variations in the scion 

variety could also contribute to differing TSS/TA ratios in the final fruit. 

The reduction in the TSS/TA ratio observed in grafted plants may be a result of 

complex interactions between the rootstock and scion, particularly in terms of 

nutrient uptake and metabolic regulation. Given that flavor is a major determinant 

in tomato quality, understanding the effects of grafting on the TSS/TA ratio will 

be essential for optimizing tomato varieties for flavor-driven consumer demand. 

 

Table 6. Performance of grafted and non-grafted tomato plants for TSS/TA 

 

Treatments TSS/TA 

T1 (Grafted Heemsikhar) 82.51 b 

T2 (Control Heemsikhar) 106.51 a 

T3 (Grafted Srijana) 70.02 c 

T4 (Control Srijana) 81.10 bc 

Mean 85.04 

CV at 5% 7.32 

LSD 12.43 

 

Effect of Grafting on Vitamin C Content in Tomato Fruits 

 

Grafted tomato plants exhibited significantly higher vitamin C content compared 

to non-grafted plants. The highest vitamin C content was observed in T3 (Grafted 

Srijana) at 25.27 mg/100 ml, followed by T1 (Grafted Heemsikhar) at 14.42 

mg/100 ml. Non-grafted plants (T2, Control Heemsikhar) showed much lower 

levels at 7.37 mg/100 ml. This enhancement in vitamin C levels highlights the 

role of the 'Wild brinjal' rootstock in improving the nutritional quality of tomato 

fruits, especially in the 'Srijana' scion. This finding is consistent with Mohammed 

et al. (2009), who reported increased vitamin C content in grafted tomatoes. The 
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improvement is likely due to the rootstock's influence on nutrient uptake, stress 

tolerance, and the biosynthesis of ascorbic acid. The rootstock may enhance the 

scion's ability to accumulate and transport nutrients like vitamin C, suggesting 

improved root-shoot communication or metabolic changes linked to vitamin C 

synthesis. This enhancement could provide a valuable nutritional advantage, 

particularly for markets focusing on functional foods and enhanced food quality. 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 3. Performance of grafted and non-grafted tomato plants for 

Vitamin C 

CONCLUSION 

 
This study explored the effects of grafting tomato cultivars (Srijana and 

Heemsikhar) onto wild-brinjal (Solanum torvum) rootstock. The results 

indicated that grafting significantly enhanced fruit yield and improved certain 

quality attributes, such as titratable acidity (TA) and vitamin C content. Among 

the grafted combinations, Grafted Srijana showed the highest yield (121.30 

g/plant), increased TA (0.073%), and higher vitamin C content (25.27 mg/100 

ml) compared to Grafted Heemsikhar. However, grafting did not have a 

significant effect on other growth parameters like plant height, stem diameter, 

or fruit characteristics such as fruit firmness, total soluble solids (TSS), and the 

sugar-acid ratio. Non-grafted plants exhibited better performance in plant 

height and TSS content. 

 

In conclusion, grafting with wild-brinjal (Solanum torvum) rootstock resulted in 

improved yield, titratable acidity, and vitamin C content in both Srijana and 

Heemsikhar cultivars. Grafted Srijana performed best in terms of yield and fruit 

quality. However, grafting did not significantly affect other growth parameters or 

fruit quality traits like firmness and TSS. While grafting demonstrated potential 

for improving tomato productivity, its impact on flavor and texture was less 

pronounced. Future research should focus on exploring optimal scion-rootstock 
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combinations and environmental conditions to better understand grafting’s 

influence on tomato fruit quality and sensory attributes. 
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