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Abstract 
In this study, we examine about how tomatoes behave when grafted on potatoes by measuring the 

amount of change in the qualitative composition of tomato grafts using various rootstocks, scions, and 

grafting methods. Three tomato hybrids (Lakshmi, Aviral, and Yuvraj) were used as scions, and two 

potato cultivars (Kufri Pukhraj and Kufri Jyoti) were used as rootstocks and they were grafted using two 

different grafting methods: splice and cleft. Analysis were performed for ascorbic acid content, acidity 

percent, reducing sugar percent, non-reducing sugar percent, and total sugar percent. The biochemical 

compositions were significantly affected by potato rootstock, tomato scions, and grafting methods. 

Yuvraj used as scion had the highest ascorbic acid content, acidity percent, reducing sugar percent, non-

reducing sugar percent, and total sugar percent, and Kufri Pukhraj had the highest ascorbic acid content, 

acidity percent and the maximum reducing sugar percent, non-reducing sugar percent, and total sugar 

percent found in Kufri Jyoti. Splice method of grafting was found best on among all the parameters than 

cleft method of grafting. The results of this study suggest that the grafting of tomato on potato may be a 

good strategy for enhancing the biochemical composition of tomato. 

 

Keywords: Grafting, Solanum lycopersicum, Solanum tuberosum, biochemical composition, scion, 

rootstock 

 

Introduction 

Tomato (Solanum lycopersicum L.) is a solanaceous crop having significant food component 

that is widely consumed both fresh and processed around the world. Its nutritional benefit has 

now been completely recognised, and it has been given due consideration. Its prominence 

derives from its pleasant acidic taste and cheap, as well as its health benefits. It is a very good 

source of vitamin A, B and C and is a good appetizer. Quality and flavour of the tomato and its 

products depends on chemical components such as ascorbic acid content, total sugar %, 

reducing sugars %, acidity % etc.  

Soluble sugars (mainly glucose, fructose and sucrose) and organic acids (mainly citric and 

malic) are primary compounds of tomato fruits, whose amount are commonly measured, their 

measure is linked to the perceived sweetness (SC) and sourness (TA) of tomatoes (Pogonyi et 

al. 2005) [13]. Grafting can improve the amount of marketable fruits, however un-grafted plants 

had higher soluble solids, ascorbic acid and total soluble sugar content than grafted plants in 

tomato (Chung et al. 1997) [4]. Grafting has been widely used in the Solanaceae family, 

particularly in tomato (Solanum lycopersicum L.), eggplant (Solanum melongena L.), and 

pepper (Capsicum annuum L.) (Bie et al. 2017) [3]. This strategy can help enhance pepper 

(9.2%), eggplant (27.7%), and tomato (5.4–80.3%) output and productivity, as well as improve 

fruit quality (Fernandez-Garcia et al. 2004, Kyriacou et al. 2017, Martinez-Ballesta et al. 

2010) [5, 9, 12]. 

It is well demonstrated that rootstocks or scions played a crucial role in affecting the growth, 

fruit yield and quality of grafted plants. There are many conflicting reports about whether 

grafting can improve or decrease the quality of fruit (Rouphael et al. 2010) [16]. In this 

experiment tomato and potato seedlings are grafted together to create a new single plant. As 

pomato is a unique crop in that it can produce both tomato and potato, the nutritional 

composition of the crop may change as a result of the source sink relationship drawn by 

rootstock and scion. It is self-evident that nutritional distribution for the aerial and 

underground parts is essential for their outputs. Graft investigations on different varieties of 

potato as rootstock can offer a new insight in the grafting technology for pomato. Some 

characteristics related to the tomato fruit quality viz. total soluble solids, ascorbic acid content 

and soluble sugar were enhanced by potato root stock and varied with the varieties of potato 
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(Zhang and Guo, 2018). Therefore, in this study we are 

observing the changes in the amount of biochemical 

compositions of the tomato due to association of different 

rootstock, scion and method of grafting. 

 

Materials and Methods 

The experiment was conducted at Horticulture Research and 

Instructional Farms, Department of Horticulture, Indira 

Gandhi Krishi Vishwavidyalaya Raipur (C.G.). The data were 

subjected to statistical analysis in factorial randomised block 

design with additional treatment calculated as control vs 

others with three replications in order to find out the 

significance of difference by using the analysis of variance. 

Three tomato hybrids (Lakshmi, Aviral and Yuvraj) were 

used as scion and two potato cultivars as rootstocks (Kufri 

Pukhraj and Kufri Jyoti) plants were grafted using two 

grafting method viz. Splice method of grafting and cleft 

method of grafting. Non-grafted plants of tomato (Lakshmi, 

Aviral and Yuvraj) and potato cultivars (Kufri Pukhraj and 

Kufri Jyoti) used as control. Fifteen days old potato plant and 

25 days old tomato seedlings were used for grafting. Grafted 

plants were placed into heeling chamber to achieve maximum 

graft success rate. After heeling of graft union i.e. (15 days 

after grafting) transplanted to the field. 

To determine the qualitative traits of tomato fully riped fruits 

are collected from the first cluster of grafted as well as from 

non-grafted plants. The parameters measured are; total sugar, 

reducing sugar, non-reducing sugar, acidity % and ascorbic 

acid content. Ascorbic acid content was determined by using 

2,6-dichlorophenol titration method (Ranganna, 1979) [15]. 5 

ml L-ascorbic acid solution with same amount of HPO3 was 

titrated against 2,6-dichlorophenol-indophenol. Acidity % of 

tomato fruit pulp was determined by the procedure given by 

Ranganna (1979) [15]. Total acid content was estimated by 

titrating 10 ml of fruit juice against 0.1 N NaOH using 

phenolphthalein as an indicator. Total sugar and reducing 

sugar were estimated by titration method and the procedure 

given by Ranganna (1979) [15]. Non-Reducing sugar was 

determined by subtracting the value of reducing sugar from 

total sugar and final value was calculated. 

 

Results and Discussion 

Ascorbic acid content 

Tomatoes are high in vitamin C and contain substantial levels 

of this vitamin (Sablani et al. 2006). Rootstock, scion, and 

grafting methods all had a substantial impact on ascorbic acid 

content in tomato fruit. When grafted with Kufri Pukhraj, 

maximum ascorbic acid content in tomato fruit was recorded 

at 9.07 mg, which was non-significantly differed with Aviral 

(8.67 mg) and Lakshmi (8.33 mg) respectively, and when 

grafted with Kufri Jyoti, maximum ascorbic acid content in 

tomato fruit was recorded at 8.90 mg, which was non-

significantly differed with Kufri Jyoti (8.47 mg). When it 

came to grafting methods, the splice method showed the 

maximum ascorbic acid content in tomato fruit of 8.79 mg, 

which was distinguishable from the cleft method (8.59 mg). 

Yuvraj had the highest ascorbic acid level in tomato fruit 

(7.25 mg), followed by Aviral (5.94 mg), and Lakshmi (5.94 

mg) in the non-grafted treatment (control) (4.96 mg). 

 

Table 1: Amount of ascorbic acid, acidity %, reducing sugar %, non-reducing % and total sugar % of tomato influenced by grafting 
 

Treatments Ascorbic acid (mg/100 g) Acidity % Reducing sugar % Non-reducing % Total sugar % 

Rootstock      

Kufri Pukhraj 8.90 0.73 1.60 1.05 2.65 

Kufri Jyoti 8.47 0.70 1.67 1.10 2.77 

Sem (±) 0.01 0.00 0.005 0.003 0.008 

CD (0.05) 0.10 0.02 0.060 0.039 0.099 

Scion      

Lakshmi 8.33 0.68 1.58 1.04 2.62 

Aviral 8.67 0.72 1.62 1.07 2.69 

Yuvraj 9.07 0.74 1.70 1.12 2.82 

Sem (±) 0.01 0.00 0.007 0.005 0.012 

CD (0.05) 0.12 0.03 0.074 0.048 0.122 

Grafting method      

Splice method 8.79 0.72 1.65 1.08 2.73 

Cleft method 8.59 0.70 1.62 1.07 2.69 

Sem (±) 0.01 0.00 0.005 0.003 0.008 

CD (0.05) 0.10 0.02 0.060 0.039 0.099 

Control Vs Others      

Lakshmi 7.25 0.63 1.69 1.11 2.80 

Aviral 5.94 0.57 1.72 1.13 2.85 

Yuvraj 4.96 0.61 1.74 1.14 2.88 

Sem (±) 0.05 0.01 0.029 0.019 0.048 

CD (0.05) 0.24 0.05 0.148 0.096 0.243 

 

The heterografting procedure increased fruit quality of tomato 

including the titrable acidity and vitamin C (Huang et al. 

2015) [7]. Qaryouti et al. (2007) [14] reported that tomato fruit 

yield increased in grafted plants, and the fruit quality when 

evaluated with TSS, vitamin C, antioxidant capacity was 

either reduced or slightly improved. As reported from many 

stress tolerance mechanisms, vitamin C has been found to 

protect plants from oxidation, it is expected that excess supply 

of this vitamin C will counter injury stress (Tabata et al., 

2001) [19]. Vitamin C acts as an antioxidant through a catalytic 

reaction with ascorbic acid peroxidase (Shigeoka et al. 2002) 

[18]. Despite its advantages, grafting cannot avoid injury stress. 

Plants are injured by the cut in the grafting process, and the 

active oxygen concentration increases as a result of this injury 

stress (García et al. 2004). In tomato plants, the concentration 

of active oxygen increases after grafting, and activity of 

antioxidant enzymes such as ascorbic acid peroxidase (APX) 

and catalase increase to eliminate the active oxygen (García et 
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al. 2004). Hyper-production of vitamin C is thought to 

counteract injury stress, because this vitamin has been shown 

to protect plants from oxidation (Tabata et al. 2001) [19]. In 

our results similar trends showed that vitamin C content in 

fruits was significantly higher in grafts compared with their 

respective non-grafted plants (Table 1). Ascorbic acid is 

known to control cell differentiation (Arrigoni, 1994) [1]. and 

to promote callus division and growth. This could be due to 

the fact that grafted plants were initially subjected to stress 

following the grafting operation (Tabata et al. 2001) [19].  

 

Acidity % 

Acidity in tomato fruit was significantly affected by 

rootstock, scion and method of grafting. Maximum acidity in 

tomato fruit was recorded 0.73% when grafted on Kufri 

Pukhraj which was non-significantly differed when grafted on 

Kufri Jyoti (0.70%). In case of influence of scion, maximum 

acidity content in tomato fruit was recorded in Yuvraj 

(0.74%) followed by Aviral (0.72%) and Lakshmi (0.68%). 

Lakshmi was found statistically at par with Aviral. When 

grafted with splice method, maximum acidity content in 

tomato fruit was recorded 0.72% which was significantly 

differed with cleft method (0.70%). Among non-grafted 

treatment (control) maximum acidity in tomato fruit was 

recorded (0.63%) in Lakshmi followed by Yuvraj (0.61%) 

and Aviral (0.57%). Lakshmi was statistically at par with 

Yuvraj. All non-grafted (control) treatment was found 

statistically at par with grafted plant. Grafting may have 

positive effects on the acidity of the tomato fruit produced. 

These results were similar reported that the total soluble 

solids content (TSS) and titrable acidity of fruits after homo-

grafting are higher than un-grafted/self-rooted tomato plants 

(Balliu et al. 2008; Flores et al. 2010) [2] [6]. That study 

reported that rootstock improved the titrable acidity value of 

grafted tomato plants (Pogonyi et al. 2005) [13]. 

 

Reducing sugar % 

The rootstock, scion, and grafting methods had a significant 

impact in reducing sugar content in tomato fruit. Yuvraj had 

the highest reducing sugar content in tomato fruit (1.70%), 

followed by Aviral (1.62%) and Lakshmi (0.68%). Yuvraj 

was found statistically at par with Aviral. The maximum 

reducing sugar content in tomato fruit when grafted on Kufri 

Jyoti was 1.67%, which was not significantly different from 

Kufri Pukhraj (1.60%). When using splice method of grafting, 

maximum reducing sugar content in tomato fruit was recorded 

(1.65%) followed by cleft method (1.62%). Among non-

grafted treatment (control) maximum reducing sugar in 

tomato fruit was recorded in Yuvraj (1.74%) which was 

statistically at par with Aviral (1.72%) and Lakshmi (1.69%). 

 

Non-reducing % 

Non-reducing sugar content in tomato fruit was significantly 

affected by the rootstock, scion, method which were used. 

Maximum non-reducing sugar content in tomato fruit was 

recorded (1.12%) in Yuvraj which was non-significantly 

differed by Aviral (1.07%) and Lakshmi (1.04%) when used 

as scion. Due to effect of rootstock, maximum non-reducing 

sugar content in tomato fruit was recorded 1.10% in Kufri 

Jyoti which was non-significantly differed with Kufri Pukhraj 

(1.05%). When grafting was done using splice method, 

maximum reducing sugar content in tomato fruit was recorded 

(1.08%) followed by cleft method of grafting (1.07%). Splice 

method was statistically at par with cleft method of grafting. 

Among non-grafted treatment (control) maximum non-

reducing sugar in tomato fruit was recorded (1.14%) in 

Yuvraj which was statistically at par with Aviral (1.13%) and 

Lakshmi (1.11%). 

 

Total sugar % 

Total sugar content in tomato fruit was significantly affected 

due to rootstock, scion and method of grafting. Maximum 

total sugar content in tomato fruit was recorded 2.82% in 

scion Yuvraj which was non-significantly differed by Aviral 

(2.69%) and Lakshmi (2.62%). Maximum total sugar content 

in tomato fruit was recorded 2.77% when grafted on Kufri 

Jyoti which was non-significantly differed with Kufri Pukhraj 

(2.65%). In case of effect of grafting method, maximum total 

sugar content in tomato fruit was recorded 2.73% in splice 

method followed by cleft method (2.69%). Splice method was 

statistically at par with cleft method of grafting. Among non-

grafted treatment (control) maximum total sugar in tomato 

fruit was recorded 2.88% in Yuvraj which was statistically at 

par with Aviral (2.85%) and Lakshmi (2.80%).  

The sugar amount drops caused by grafting is estimated to 

account for no more than 16 percent (Riga 2015) [17], which 

does not surpass the maximum sugar decline suggested for 

consumer acceptance (Kader 1999, Maynardet et al. 2002) [8] 

[10]. The mechanisms involved in grafting-elicited decrease of 

fruit sugar content have not been thoroughly investigated; 

however, organic acids constitute a direct substrate for 

respiratory demands and their increased de novo synthesis in 

developing fruits might be a plausible mechanism for coping 

with the sugar deficit incurred on the heavy crop load 

supported by vigorous rootstocks (Pogonyi et al. 2005) [13]. 

Changes in dry matter content, rather than photosynthesis, 

appear to be responsible for the decreased sugar concentration 

in grafted plants (Krumbein and Schwarz, 2013). 

Alternatively, water uptake-efficient rootstocks may increase 

fruit water content even if adequate assimilates are present, 

resulting in a lower fruit sugar concentration (Milenković L et 

al. 2018) [11]. 
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