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Response of intra and inter specific grafts on plant 

growth and yield of tomato plants under salinity stress 

 
MA Dudhat, DR Bhanderi and BM Tandel 

 
Abstract 
The experiment was conducted for two consecutive years 2020-21 and 2021-22 in Completely 

Randomized Design (Factorial concept) consisting thirty treatment combinations with three repetitions. 

The treatments were comprised of five levels of salinity (0.5, 2.0, 4.0, 6.0, 8.0 DS m-1) and six levels of 

grafts namely GT-7/GT-7 (Non-graft), GT-7/ArkaVikas, GT-7/Abhinav, GT-7/GNRB-1, GT-

7/SuratiRavaiya (pink) and GT-7/Solanumtorvum. The results showed that increasing salinity levels 

reduced vegetative growth and yield attributes. Whereas plant height, fruit weight, number of fruits plant-

1 and fruit yield plant-1 when irrigated with 0.5 DS m-1 level of salinity. Meanwhile grafting treatments 

reversed these results as they increased values of all recorded items over non-grafted plants under all 

salinity levels. Finally, the combination of GT-7 grafted on Solanum thorium resulted in best for 

vegetative growth and yield attributes. The maximum plant height, fruit weight, number of fruits plant-1 

and fruit yield plant-1 was observed in Solanum thoriumrootstocks 
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Introduction 

Tomato (Solanum lycopersicum L.) is a major crop of Solanaceae family originated in Peru 

with diploid chromosome number (2n=2x=24) and grown in more than 170 countries 

worldwide under varied agro-climatic conditions. It is one of the most widely cultivated crops 

in the world and an important cash crop for small as well as medium scale farmers. India 

occupies an area of 8.13 lakh ha with an annual production of 21.19 million tons in tomato, 

while it is cultivated in 65.53 thousand ha land with a production of 1876.6 thousand tons in 

Gujarat (Anon., 2020) [4]. The pressure exerted on the agricultural production chains due to the 

continuous increase in world population will require an increase of 70% in crop production by 

2050 (Anon., 2009). Ever increasing demand for good quality land and water resources in the 

domestic and industrial sectors has already generated enhanced interest in the utilization of salt 

affected soils (Mann et al., 2020) [28]. Salinity stress is one of the major environmental threats 

to crop production (Chang et al., 2014) [6]. Salinity affected area is increasing day by day and 

spreading all over the world. It is estimated that more than 800 million hectare of land are 

affected with salinity globally and this figure may increase in the coming years (Anon., 2009). 

In India, the area under salt affected soils is about 6.73 million ha with states of Gujarat 

(2.23M ha), Uttar Pradesh (1.37M ha), Maharashtra (0.61M ha), West Bengal (0.44M ha) and 

Rajasthan (0.38M ha) together accounting for almost 75% of saline and sodic soils in the 

country (Singh, 2018) [43] and the area is likely to increase up to 16.2 million ha by 2050. 

Salinity affects plants in two main ways, high concentrations of salts in the soil disturb the 

capacity of roots to extract water and secondly high concentrations of salts within the plant 

itself can be toxic resulting in the inhibition of many physiological and biochemical processes 

such as nutrient uptake and assimilation (Munns et al., 1995 [33]; Hasegawa et al., 2000 [19]; 

Munns, 2002 [31] as well as Munns and Tester, 2008) [32]. Salinity represents a substantive 

threat to tomato production (Keatinge et al., 2014) [24]. Most of the commercial cultivars of 

tomato are considered to be moderately sensitive to salt stress, which affects seed germination, 

vegetative and reproductive stages of growth (Estan et al., 2009 [14]; Sholi, 2012 [42] and Lim et 

al., 2016) [27] with the increase in salinity levels in tomato (Jamil et al., 2006) [23] causing 

considerable reduction in yield (Foolad, 2004) [17] and quality (Zhang et al., 2017). The 

commercial cultivars of tomato undergo drastic losses due to salts (Jaafar et al., 2018) [22]. 

Mechanism of salt tolerance may involve osmotic adjustment, maintenance of pressure 

potential, production of organic solutes and balance between ion accumulations (Shahid et al., 

2012) [41].
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Numerous breeding and biotechnological attempts have been 

made to improve the salt tolerance in vegetable crops but 

grafting has emerged as an alternative with substantial 

response to alleviate salinity plants (Colla, et al., 2010 [11]; 

Colla et al., 2013 [10] and Albacete et al., 2015) [1]. Grafting in 

vegetable has emerged as a promising surgical alternative 

over relatively slow conventional breeding methods aimed at 

increasing tolerance to biotic and abiotic stresses (Kumar et 

al., 2018) [25]. Grafting is an environmentally friendly, 

sustainable and effective method that enables the exploitation 

of the benefit of resistant genotypes as rootstocks to improve 

the performance of commercial cultivars (as scion) 

susceptible to various abiotic stresses. Grafting onto 

resistant/tolerant rootstocks is known to alleviate the negative 

effects of abiotic stress factors like salinity by enhancing their 

enzymatic antioxidant defense system and nutrient use 

efficiency (Fernandez-Garcia et al., 2002 [16] and Santa-Cruz 

et al., 2002) [38]. Therefore, grafting tomato onto 

resistant/tolerance rootstocks helps to mitigate the harmful 

effects of salinity through certain adaptive strategies such as 

salt exclusion or retention, osmotic adjustment, activation of 

antioxidant defense system, nutrient homeostasis and plant 

hormonal balances genes expressions led to favorable 

responses etc. The rootstock’s root systems architecture 

specified by root length and density, root hairs and root 

surface area plays a critical role in ion and water uptake, thus 

determining salt tolerance of grafted plants (He et al., 2009 
[20] and Colla et al., 2010) [10]. The positive effects of grafting 

on salt tolerance in a tomato is widely attributed to the 

restricted the entry of Na+ and Cl-ions in epigeous biomass 

(Lee, 1994 [26] and Fernandez-Garcia et al., 2004) [15] and 

accumulation of more nutrient elements like Ca2+ and K+ in 

the leaves of grafted plants than the normal ones under saline 

stress (Al-Harbi et al., 2017) [2]. 
 

Materials and Methods 

The present investigation entitled “Response of Intra and inter 

specific grafts to salinity stress in tomato (Solanum 

lycopersicum L.)” was carried out at Vegetable Research 

Farm, Regional Horticultural Research Station, ASPEE 

College of Horticulture and Forestry, Navsari Agricultural 

University, Navsari during summer and late Kharif season of 

2020-21 and 2021-22, respectively. The experiment was laid 

out in Completely Randomized Design (Factorial concept) 

consisting thirty treatment combinations with three 

repetitions. The treatments were comprised of five levels of 

salinity viz., S1: 0.5 DS m-1 (Normal), S2: 2.0 DS m-1, S3: DS 

m-1, S4: 6.0 DS m-1, S5: 8.0 DS m-1 and six levels of grafts 

namely G1: GT-7/GT-7 (Non-graft), G2: GT-7/ArkaVikas, G3: 

GT-7/Abhinav, G4: GT-7/GNRB-1, G5: GT-

7/SuratiRavaiya(pink) and G6: GT-7/Solanum thorium. The 

present investigation was carried out on Gujarat Tomato 7 

(GT-7) variety of tomato and GNRB-1, SuratiRavaiya (Pink) 

and Solanum thorium cultivar of brinjal were obtained from 

Regional Horticultural Research Station, NAU, Navsari and 

ArkaVikas were procured from Indian Institute of 

Horticultural Research, Bengaluru. 

The experiment was executed in grow bags of 18 x 18.The 

grow bags were filled with the media [soil: leaf mound: bio 

compost: 2:1:1 (v/v)] and seedlings were transplanted in 

bags.Soil (soil physico-chemical properties namely bulk 

density (g cm-1), field capacity (%), soil pH and electrical 

conductivity (DS m-1) were analysed prior to filling of grow 

bag. Gujarat Tomato 7 cultivar, which was used as scion sown 

on raised bed in NVPH (Naturally Ventilated Polyhouse). 

Similarly, tomato cultivars namely, ArkaVikas, Abhinav; and 

brinjal varieties, GNRB-1, SuratiRavaiya (Pink) and Solanum 

thorium were sown in plug trays having 98 plugs in a tray. 

Nutrients as well as water was applied in all plants as and 

when needed. Grafting was performed using the cleft grafting 

method. Grafts were transplanted in the grow bags on 9th of 

February during first season (2020-21) and 13th of October 

during second season (2021-22). Salinity treatment was 

imposed after the successful establishment of grafted 

seedlings in the grow bags as per treatment. The salinity 

levels of irrigation water were created by diluting sea water 

and irrigation water (IW) was applied in order to maintain the 

field capacity of soil. 
 

Results and Discussion 

Effects of salinity on growth and yield parameters of 

tomato 

The data depicted in Table.1and 2 revealed significant effect 

of salinity on plant height, fruit weight, fruit yield plant-1 and 

number of fruits plant-1 except leaf area during pooled 

analysis. Among the different levels of salinity, S1 (0.5 DS m-

1) recorded maximum plant height (117.59cm) at final harvest 

respectively during pooled analysis. The decline in the 

vegetative growth observed with increase in salinity levels. 

This might be due to the soluble salt in saline soils increased 

the solute suction of the water from plants, by their decreased 

absorption of nutrients, therefore, plants suffered a deficiency 

of water even when growth under moist but saline irrigation 

water. This also reduces availability of soluble essential 

nutrients for plant growth. The present investigation is in 

agreement with the findings of Oztekin and Tuzel (2011) [35], 

Chen and Noriega (2016) [7], Al-Harbi et al. (2017) [2], Habibi 

et al. (2021) [18] in tomato; Zhu et al. (2008) [47], Huang et al. 

(2009a) [21] in cucumber. The results also showed that S1 (0.5 

DS m-1) level of salinity recorded maximum fruit weight 

(56.77g), fruit yield plant-1 (1885.85g) and number of fruits 

plant-1 (33.49) on pooled analysis. This might be due to plants 

were able to enhanced translocation of ions from root to 

foliage and finally to the fruits. Thus, it would have helped in 

maintaining and increasing photosynthetic activity of plant 

which was indirectly affects yield attributes. Analogous 

results were reported by Savvas et al. (2011) [40], Voutsela et 

al. (2012) [44], Di Gio et al. (2013) [13], Coban et al. (2020) [8] 

and Sanwal et al. (2022) [39] in tomato; Penella et al. (2017) 
[36] in pepper; Colla et al. (2006a) [9] in muskmelon; Colla et 

al. (2012) [12] and Colla et al. (2013) [10] in cucumber. 
 

Effects of grafts on growth and yield parameters of 

tomato: The data presented in Table 1 and 2 revealed that the 

different graft combinations significantly influenced on plant 

height, fruit weight, fruit yield plant-1 and number of fruits 

plant-1 except leaf area during pooled analysis. Among them 

G6 graft (GT-7/Solanumthorium) displayed maximum plant 

height (122.37cm) at final harvest except leaf area during 

pooled findings.  
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Table 1: Effect of salinity and grafting on plant height (cm) and leaf area (cm2) at final harvest of tomato 

 

Treatments 

Plant height (cm) Leaf area (cm2) 

At final harvest 

2020-21 2021-22 Pooled 2020-21 2021-22 Pooled 

Salinity (S) 

S1 108.96 126.23 117.59 463.68 476.65 470.16 

S2 107.54 125.02 116.28 462.34 473.77 468.05 

S3 106.65 124.27 115.46 461.53 472.02 466.77 

S4 105.36 123.59 114.47 456.34 468.99 462.66 

S5 101.74 117.09 109.41 449.57 467.13 458.35 

SEm ± 2.56 3.31 1.88 13.05 10.79 8.47 

CD at 5% NS NS 5.27 NS NS NS 

Grafts (G) 

G1 95.13 116.43 105.78 446.45 456.87 451.66 

G2 101.71 125.83 113.77 458.64 477.19 467.92 

G3 102.93 119.52 111.23 453.01 470.24 461.63 

G4 114.72 127.37 121.05 470.51 484.42 477.47 

G5 105.33 122.01 113.67 449.97 462.95 456.46 

G6 116.47 128.28 122.37 473.55 478.59 476.07 

SEm ± 2.81 3.62 2.06 14.30 11.82 9.28 

CD at 5% 7.94 NS 5.27 NS NS NS 

Interaction (S×G) 

SEm ± 27.40 22.80 3.10 31.98 26.44 1.86 

CD at 5% NS NS NS NS NS NS 

CV (%) 11.12 9.44 10.3 12.07 9.71 10.92 

Pooled Interaction 

Source Y×S Y×G Y×S×G Y×S Y×G Y×S×G 

SEm ± 10.07 11.03 24.66 11.98 13.12 29.34 

CD at 5% NS NS NS NS NS NS 

 

Those results are consistent with the findings of Petran and 

Hoover (2014) [37], Chen and Noriega (2016) [7] as well as 

Nimbalkar (2021) [34] in tomato. This increase in plant height 

might be due to rootstock confer to grafted plants a stronger 

and vigorous root system which supply plant nutrients to the 

scion which contributing for more photosynthesis, which 

positively affected plant growth. The results demonstrated 

that grafting is a valid strategy for improving the salt 

tolerance of tomato. The results of current study are parallel 

to the findings of Balliu et al. (2008) [5], Oztekin and Tuzel 

(2011) [35], Wahb Allah (2014) [45], Al-Harbi et al. (2017) [2], 

Nimbalkar (2021) [34] and Sanwal et al. (2022) [39] in tomato. 

 
Table 2: Effect of salinity and grafting on fruit weight (g), number of fruits plant-1 and fruit yield plant-1 (g) of tomato 

 

Treatments 
Fruit weight (g) Number of fruitsplant-1 Fruit yield plant-1 (g) 

2020-21 2021-22 Pooled 2020-21 2021-22 Pooled 2020-21 2021-22 Pooled 

Salinity (S) 

S1 54.22 59.32 56.77 32.76 34.21 33.49 1769.42 2002.28 1885.85 

S2 53.03 58.59 55.81 32.19 33.79 32.99 1701.07 1978.29 1839.68 

S3 51.66 57.90 54.78 31.51 33.51 32.51 1629.31 1956.60 1792.96 

S4 50.39 57.35 53.87 30.56 32.44 31.50 1533.84 1838.36 1686.10 

S5 48.92 53.31 51.11 29.58 31.06 30.32 1452.35 1685.68 1569.01 

SEm± 0.46 0.47 0.33 0.81 0.80 0.57 10.06 9.65 21.10 

CD at 5% 1.29 1.33 0.92 NS NS 1.60 28.46 27.31 62.84 

Grafts (G)    

G1 50.57 56.63 53.60 30.82 32.54 31.68 1580.36 1846.07 1713.22 

G2 52.05 57.09 54.57 31.47 33.07 32.27 1626.94 1899.96 1763.45 

G3 51.47 56.95 54.21 31.25 33.00 32.13 1609.50 1874.71 1742.11 

G4 52.29 57.49 54.89 31.58 33.21 32.40 1636.86 1920.82 1778.84 

G5 50.89 56.73 53.81 31.08 32.82 31.95 1596.36 1872.88 1734.62 

G6 52.58 58.88 55.73 31.70 33.37 32.53 1653.17 1939.00 1796.08 

SEm± 0.50 0.51 0.36 0.89 0.88 0.63 11.02 10.58 7.64 

CD at 5% 1.42 1.45 0.92 NS NS NS 31.18 29.91 29.09 

Interaction (S×G)    

SEm± 1.12 1.15 0.51 0.81 1.97 0.20 24.65 23.65 32.89 

CD at 5% NS NS NS NS NS NS 69.72 66.89 95.09 

CV (%) 3.75 3.47 3.61 11.00 10.31 10.65 2.64 2.16 2.38 

Pooled Interaction    

Source Y×S Y×G Y×S×G Y×S Y×G Y×S×G Y×S Y×G Y×S×G 

SEm± 0.46 0.51 1.13 0.81 0.88 1.98 9.86 10.80 24.15 

CD at 5% NS NS NS NS NS NS 27.61 NS NS 

https://www.thepharmajournal.com/


 
 

~ 985 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
Yanyan et al. (2018) [46] in watermelon as well as Zhu et al. 

(2008) [47] in cucumber. The present studies also revealed that 

GT-7 grafted onto Solanum thorium observed maximum fruit 

weight (55.73g) and fruit yield plant-1 (1796.08g) except 

number of fruits plant-1 on pooled analysis basis. The higher 

fruit yield may be due to effect of grafting directly on plant 

yield by interactions of the following processes: increase of 

water and nutrient uptake resulting from the varietal 

characters, vigorous root system of the rootstock, 

compatibility of rootstocks, enhanced production of 

endogenous hormones. Enhancement of scion vigor probably 

due to the use of vigorous rootstocks which led to 

improvement of cytokinins and gibberellins content in scion 

which ultimately increased the fruit load on plant. The joint 

action of some or all of these processes could explain the 

higher fruit yield and fruit yield attributes in tomato from 

grafted plants observed in the current study. The results are in 

close affinity with the findings of Santa-Cruz et al. (2002) [38], 

Estan et al. (2005), Martorana et al. (2007) [30], Martinez et al. 

(2008) [29], Albacete et al. (2009), Savvaset al. (2011) [40], 

Voutsela et al. (2012) [44], Coban et al. (2020) [8], in tomato; 

Penella et al. (2017) [36] in pepper; Colla et al. (2006a) [9] in 

muskmelon; Huang et al. (2009a) [21], Colla et al. (2012) [12] 

and Colla et al. (2013) [10] in cucumber. 

 

Interaction effect of salinity and grafts on growth and 

yield parameters of tomato: The interaction between 

different levels of salinity and graft combinations had 

significant influence on fruit yield plant-1. However, the study 

revealed maximum fruit yield plant-1 (1919.30g) in S1G6 

combination (0.5 DS m-1 with GT-7/Solanum thorium) on 

pooled analysis basis. 

All the parameters of growth and yield parameters namely, 

fruit weight and number of fruits plant-1 were found to be non-

significant under interaction effect of salinity and grafts 

(Table 1and 2). 

 

Conclusions 

Our study was concerted to the treatment combination 0.5 

dSm-1 level of salinity with GT-7/Solanum thorium was found 

superior in terms of plant height and yield per plant. From the 

results of two years study, it can be concluded that lower level 

of salinity S1 (0.5 DS m-1) had superior growth parameter 

(plant height at final harvest) and yield parameters (fruit 

weight, number of fruits plant-1 and fruit yield plant-1). The 

positive effect of GT-7 grafted onto Solanum thorium could 

invigorate tomato for better performance in terms of all the 

growth, yield parameters. 

 

References 

1. Albacete A, Martinez-Andujar C, Martinez-Perez A, 

Thompson AJ, Dodd IC, Alfocea FP. Unravelling 

rootstock × scion interactions to improve food security. J. 

Exp. Bot. 2015;66(8):2211-2226. 

2. Al-Harbi A,Hejazi A, Al-Omran A. Responses of grafted 

tomato (Solanumlycopersiocon L.) to abiotic stresses. 

Saudi J. Bio. Sci. 2017;24:1274-1280. 

3. Anonymous. High level expert forum-how to feed world 

in 2050, Economic and Social Development. Food and 

Agricultural Organization of the United Nations, Rome, 

Italy. Retrieved from http://www.fao.org/wsfs/forum2050 

[Accessed 22May, 2020], 2009. 

4. Anonymous. Area and Production of Horticulture Crops: 

All India (3rd Advance Estimate. Retrieved from 

www.nhb.gov.in [Accessed 22March, 2022], 2020. 

5. Balliu A, Vuksani G, Nasto T, Haxhinasto L, Kaciu S. 

Grafting effects on tomato growth rate, yield and fruit 

quality under saline irrigation water. Acta Horticulture. 

2008;801:1161-1166. 

6. Chang P, Gerhardt KE, Xiao-Dong H, Xiao Ming Y, 

Glick BR, Gerwing PD, et al. Plant growth-promoting 

bacteria facilitate the growth of barley and oats in salt-

impacted soil: Implications for phytoremediationof saline 

soils. Int. J Phytorem. 2014;16(11):1133-1147. 

7. Chen WY, Noriega VMA. Grafting tomato to overcome 

salt stress. In: FFTC & Tainan-DARES International 

workshop on grafting to improve fruit vegetable 

production, Tainan DARES, Tainan, Taiwan, 2016, 99. 

8. Coban A, Akhoundnejad Y, Dere S, Dasgan HY. Impact 

of salt-tolerant rootstock on the enhancement of sensitive 

tomato plant responses to salinity. HortiScience. 

2020;55(1): 35-39. 

9. Colla G, Rouphael Y, Cardarelli M. Yield, fruit quality 

and mineral composition of grafted melon plants grown 

under saline conditions. J. Hort. Sci. and Biotech. 

2006a;81(1):146-152. 

10. Colla G, Rouphael Y, Jawad R, Kumar P, Rea E, 

Cardarelli M. The effectiveness of grafting to improve 

NaCl and CaCl2 tolerance in cucumber. 

SciaticaHorticulture. 2013;164:380-391. 

11. Colla G, Rouphael Y, Leonardi C, Bie Z. Role of grafting 

in vegetable crops grown under saline conditions. 

Scientia Horticulture. 2010;127:147-155. 

12. Colla G, Rouphael Y, Rea E, Cardarelli M. Grafting 

cucumber plants enhance tolerance to sodium chloride 

and sulfate salinization. SciaticaHorticulture. 

2012;135:177-185. 

13. Di Gioia F, Signore A, Serio F, Santamaria P. Grafting 

improves tomato salinity tolerance through sodium 

partitioning within the shoot. HortiScience. 

2013;48(7):855-862. 

14. Estan MT, Villalta I, Bolarin MC, Carbonell EA, Asins 

MJ. Identification of fruit yield loci controlling the salt 

tolerance conferred by Solanum rootstocks. Theor. Appl. 

Genet. 2009;118: 305-312. 

15. Fernandez-Garcia N, Martinez V, Carvajal M. Effect of 

salinity on growth, mineral composition and water 

relations of grafted tomato plants. J Pl. Nutr. Soil Sci. 

2004;167:616-622. 

16. Fernandez-Garcia N, Martinez V, Cerda A, Carvajal M. 

Water and nutrient uptake of grafted tomato plants grown 

under saline conditions. J Pl. Physiol. 2002;159:899-905. 

17. Foolad MR. Recent advances in genetics of salt tolerance 

in tomato. Pl. Cell Tissue Organ Cult. 2004;76:101-119.  

18. Habibi N, Sediqui N, Terada N, Sanada A, Koshio K. 

Effects of salinity on growth, physiological and 

biochemical responses of tomato. J. Int. Soc. Southeast 

Asian Agric. Sci. 2021;27(2):14-28. 

19. Hasegawa PM, Bressan RA, Zhu JK, Bohnert HJ. Plant 

cellular and molecular responses to high salinity. Ann. 

Rev. Pl. Physiol. Pl. Mol. Bio. 2000;51:463-499. 

20. He Y, Zhu Z, Yang J. Grafting increases the salt 

tolerance of tomato by improvement of photosynthesis 

and enhancement of antioxidant enzymes activity. Env. 

Exp. Bot. 2009;66(2):270-278. 

21. Huang Y, Tang R, Cao Q, Bie Z. Improving the fruit 

https://www.thepharmajournal.com/


 
 

~ 986 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
yield and quality of cucumber by grafting onto the salt 

tolerant rootstock under NaCl stress. Sciatica 

Horticulture. 2009a;122:26-31. 

22. Jaafar U, Aliero A, Yahaya TO. A study on proline and 

glycine betaine contents as salinity and drought tolerant 

in Solanum lycopersicum L. (Cultivar: Roma). Global J. 

Sci. Res.: D Agric. Vet. 2018;18(7):28-32. 

23. Jamil M, Lee DB, Jung KY, Ashraf M, Lee SC, Rha ES. 

Effect of salt (NaCl) stress on germination and early 

seedling growth of four vegetables species. J. Central 

European Agric. 2006;7(2):273-282.  

24. Keatinge JDH, Lin LJ, Ebert AW, Chen WY, Hughes JA, 

Luther GC, Wang JF, Ravishankar M. Overcoming biotic 

and abiotic stresses in the Solanaceous through grafting: 

Current status and future perspectives. Bio. Agric. Hort. 

2014;30(4):272-287. 

25. Kumar S, Nikki B, Saravaiya SN. Vegetable Grafting: A 

Surgical Approach to combat biotic and abiotic stresses-

A review. Agric. Res. Communication Centre. 

2018;39(1):1-11. 

26. Lee JM. Cultivation of grafted vegetables. I. Current 

status, grafting methods and benefits. HortScience. 

1994;29(4):235-239. 

27. Lim MY, Jeong BR, Jung M, Harn CH. Transgenic 

tomato plants expressing strawberry D-Galacturonic acid 

reeducates gene display enhanced tolerance to abiotic 

stresses. Pl. Biotech. Rept. 2016;10:105-116. 

28. Mann A, Kumar A, Kumar SS, Sharma PC. Sustainable 

production of pulses under saline lands in India, 2020. 

DOI: 10.5772/intechopen.91870. 

29. Martinez MM, Estan MT, Moyano E, Garcia JO, Flores 

FB, Campos JF, et al. The effectiveness of grafting to 

improve salt tolerance in tomato when an excluder 

genotype is used as scion. Env. Exp. Bot. 2008;63:392-

401. 

30. Martorana M, Giuffrida F, Leonardi C, Kaya S. Influence 

of rootstock on tomato response to salinity. Acta 

Horticulture. 2007;747:555-561. 

31. Munns R. Comparative physiology of salt and water 

stress. Pl. Cell Env. 2002;25:239-250. 

32. Munns R, Tester M. Mechanisms of salinity tolerance. 

Annu. Rev. Pl. Bio. 2008;59:651-681. 

33. Munns R, Schachtman D, Condon A. The Significance of 

a two-phase growth response to salinity in wheat and 

barley. Australian J Pl. Physiol. 1995;22(4):561-569. 

34. Nimbalkar RS. Response of tomato grafted on brinjal 

rootstock for growth, yield and quality. Thesis M. Sc. 

(Hort.), Mahatma Phule Krishi Vidyapeeth, Rahuri, 

India, 2021, 40. 

35. Oztekin GB, Tuzel Y. Salinity response of some tomato 

rootstocks at seedling stage. African. J Agric. Res. 

2011;6:4726-4735. 

36. Penella C, Nebauer SG, Lopez-Galarza S, Quinones A, 

Bautista AS, Calatayud A. Grafting pepper onto tolerant 

rootstocks: An environmental-friendly technique 

overcome water and salt stress. Sciatica Horticulture. 

2017;226:33-41. 

37. Petran A, Hoover E. Solanum thorium as a compatible 

rootstock in interspecific tomato grafting. J Hort. 

2014;1(1):1-4. 

38. Santa-Cruz A, Martinez-Rodriguez MM, Perez-Alfocea 

F, Romero-Aranda R, Bolarin MC. The rootstock effect 

on the tomato salinity response depends on the shoot 

genotype. Pl. Sci. 2002;162(5):825-831. 

39. Sanwal SK, Mann A, Kumar A, Kesh H, Kaur G, Rai 

AK, et al. Partitioning in tomato scion and improve 

performance under saline conditions. Agriculture. 

2022;12:183. 

40. Savvas D, Savva A, Ntatsi G, Ropokis A, Karapanos I, 

Krumbein A, et al. Effects of three commercial 

rootstocks on mineral nutrition, fruit yield and quality of 

salinized tomato. J Pl. Nutr. Soil Sci. 2011;174(1):154-

162. 

41. Shahid MA, Balal RM, Abbas T, Ayyub CM, Mattson 

NS, Atif Riaz, Iqbal Z. Screening of pea (Pisumsativum 

L.) genotypes for salt tolerance based on early growth 

stage attributes and leaf inorganic osmolytes. Australian. 

J Crop Sci. 2012;6(9):1324-1331. 

42. Sholi NJ. Effect of salt stress on seed germination, plant 

growth, photosynthesis and ion accumulation of four 

tomato cultivars. American J Pl. Physiol. 2012;7(6):269-

275.  

43. Singh G. Climate change and sustainable management of 

salinity in agriculture. Res. Med. Eng. Sci. 

2018;6(2):608-614. 

44. Voutsela S, Yarsi G, Petropoulos SA, Khan EA. The 

effect of grafting of five different rootstocks on plant 

growth and yield of tomato plants cultivated outdoors and 

indoors under salinity stress. African J Agric. Res. 

2012;7:5553-5557. 

45. Wahb-Allah MA. Effectiveness of grafting for the 

improvement of salinity and drought tolerance in tomato 

(Solanum lycopersicum L.). Asian J Crop Sci. 

2014;6:112-122. 

46. Yanyan Y, Shuoshuo W, Min W, Biao G, Qinghua S. 

Effect of Different Rootstocks on the Salt Stress 

Tolerance in Watermelon Seedlings. Hort. Pl. J. 

2018;4(6):239-249.  

47. Zhu J, Bie Z, Huang Y, Xiaoyan H. Effect of grafting on 

the growth and ion concentrations of cucumber seedlings 

under NaCl stress. Soil Sci. Pl. Nut. 2008;54:895-902. 

https://www.thepharmajournal.com/

