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In order to improve the germination of tomato seeds under high temperature 

stress conditions seed priming by salicylic acid was investigated. The 

experiment was conducted to study the effect of salicylic acid on the tomato 

vegetative growth, yield and fruit quality. The experiment was completely 

randomized experimental design with three replications. These factors 

included salicylic acid in three levels (0.25mM, 0.5mM and 0.75mM) 

applied on tomato. Results indicated that germination and vegetative & 

reproductive growth of tomato severely reduced by high temperature. Seeds 

primed with 0.5mM salicylic acid not only improved germination percent but 

also reduced germination time under stress conditions. The TSS, TA, vitamin 

C and lycopene content of tomato fruit had significantly affected by 

application of salicylic acid. The exogenous applications of salicylic acid 

improved the yield contributing factors that resulted in significant increases 

in tomato fruit yield.  

 
                   Copy Right, IJAR, 2016,. All rights reserved.

 

Introduction: 
Abiotic stress has now been recognized as the biggest and potential threat for agricultural productivity all over the 

world. Nevertheless, anthropogenic activities in the developmental era have aggravated the degradation of 

agricultural system and its productivity due to major abiotic stresses (such as metals/metalloids (here after termed as 

„metals‟), salinity, ozone, UV-B radiation, nutrient (deficiency and excess), drought, and extreme temperatures  

(Khan and Khan, 2013; Anjum et al., 2014a). One of the most studied of these stresses is high temperature induce 

numerous adverse effects in plants, impair biochemical/physiological and molecular processes, and eventually cause 

severe reductions in plant growth, development and overall productivity. Rising in temperatures may lead to altered 

geographical distribution and growing season of agricultural crops (Porter, 2005). Tomato is one of the most popular 

and widely grown vegetable crop in throughout the world, ranking second in importance to potato (FAOSTAT, 

2005). Tomato is an important condiment in most diets and a very cheap source of vitamins A, C and E and minerals 

that are very good for body and protect the body against diseases. A drastic decrease in tomato yield is recorded 

during summer season in India due to high temperature. Reproductive development has been affected more adverse 

ly at high temperature stress than vegetative development (Sato et al., 2002; Abdelmageed et. al., 2003). High 

temperature during reproductive development has been reported to limit the flower bud initiation with significant 

increment in flower drop (Hana and Harnandez, 1982) and significant decrease in fruit set (Berry et. al., 1988) 

leading to a sharp decrease in tomato fruit yield. It is therefore, highly desirable to explore possible ways and means 

to enhance the productivity of this important crop employing cost-effective and easy to use techniques. Plant growth 

regulators play important role in the regulation of plant developmental processes and signaling networks as they are 

involved either directly or indirectly in a wide range of biotic and abiotic stress responses and tolerance in plants 

(Khan et al., 2012a,b,c; Asgher et al., 2015). Salicylic acid (SA) is a phenolic compound involved in the regulation 

of growth and development of plants, and their responses to biotic and abiotic stress factors (Raskin, 1992; Khan et 

al., 2012a, b, c, 2013b; Miura and Tada, 2014). Salicylic acid can also play a significant role in plant water relations 

(Barkosky ad Einhelling, 1993) under abiotic stress conditions. Plants produce proteins in response to abiotic and 

biotic stress and many of these proteins are induced by phytohormones such as ABA (Jin et al, 2000) and salicylic 
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acid (Hoyos and Zhang, 2007). SA is involved in the regulation of important plant physiological processes such as 

photosynthesis, nitrogen metabolism, proline (Pro) metabolism, production of glycinebetaine (GB), antioxidant 

defense system, and plant-water relations under stress conditions and thereby provides protection in plants against 

abiotic stresses (Khan et al, 2010, 2012a,b,c, 2013b, 2014; Nazar et al., 2011; Miura and Tada, 2014). Apart from its 

involvement in the induction of defense-related genes and stress resistance in biotic stressed plants (Kumar, 2014), 

SA has been shown to improve plant tolerance to major abiotic stresses such as metal (Zhang et al., 2015), salinity 

(Khan et al., 2014; Nazar et al., 2015), osmotic (Alavi et al., 2014), drought (Fayez and Bazaid, 2014), and heat 

stress (Khan et al., 2013b). Exogenously sourced SA to stressed plants, either through  seed soaking, adding to the 

nutrient solution, irrigating, or spraying was reported to induce major abiotic stress tolerance-mechanisms (Horváth 

et al., 2007; Khan et al., 2012a,b,c, 2013b, 2014; Anwar et al., 2013; Palma et al., 2013). Salicylic acid mediated 

improved plant tolerance to heat stress has also been reported (He et al., 2002; Larkindale et al., 2005; Wang et al., 

2010; Khan et al., 2013a,b). The objective of this study is to investigate the protective impact of SA on growth, yield 

and fruit quality of tomato plant under high temperature stress conditions. 

 

Materials and Methods: 
Seeds of tomato plants were surface sterilized with 0.01% HgCl2 for 10 minutes washed thoroughly with distilled 

water again surface sterilized with 0.1% cetramide solution. Followed by another thorough washing with glass 

distilled water. Homogenized surface sterilized seeds were presoaked in different treatments as control in distilled 

water and three concentrations of SA (0.25%mM, 0.5mM% and 0.75%mM). For high temperature, seeds were sown 

in third week of February, 2015 on nursery bed and transplanted in the third week of March, 2015 in Botanical 

garden of Udai Pratap Autonomous College, Varanasi. The experiment was carried out in complete randomized 

block design with three replicates and supplied with 20ml of 50% of Hoagland
‟
s nutrient solutions at alternate days 

(Hoagland and Arnon, 1950). Another experiment was conducted under control environment in which tomato 

genotypes were grown in growth chamber at 32/ 26
0
C under 12/12 hours day/night cycle. The aim of the experiment 

was to study the effect of seed priming with salicylic acid on plant height, number of fruits per cluster, total yield, 

mean fruit weight, soluble solid content, total titrable acid and vitamin C in fruits of tomato under high temperature. 

The total yield for each treatment was calculated by weighing the fruit picked in each replication and converting the 

weight to Mg.ha
-1

. The average fruit weight was estimate by weighing 10 fruits in each treatment, with the help of 

an electronic balance measuring in grams to third decimal place and then converting to average fruit weight. Sub 

samples were pressed through cheese cloth to extract the juice. Total soluble solids were determined on a portable 

refractometer (NC-1, Atago Co., Japan) standardized with distilled water. Total titrable acid and vitamin C was 

measured by NaOH (0.1 M) titration and indophenols methods according to Horvitz et. al.,1970. The fruit firmness 

was recorded with the help of a pressure meter (OSK 10576 Co, Japan). For this purpose, 5 fruits from each 

treatment were taken and penetration force was measured by gently inserting the probe into the equatorial region of 

the fruit. The readings for all 5 fruits were averaged to represent the corresponding treatments.   

 

Statistical Analysis: 
The experiments were repeated twice with three replicates (n=5) and the data presented are mean ± standard errors 

(SE). The result was subjected to analysis of variance and means were compared by the least significant difference 

test at the 0.05% level of significance. 

 

Table 1. Influence of SA on Plant height, number of flower branch per plant, number of fruit per plant, mean fruit weight, dry weight 

and yield of tomato 

Treatments Plant height 

(cm) 

Number of flower 

branch per plant 

Number of 

fruit per 

plant 

 

Mean fruit                                 

weight                

(g) 

  Dry weight 

(I/100g F.W)                      

  Yield                 

(Mg. 

        ha
-1

) 

Control 120.14a         7a 35.12a 95.94a 6.89a 170.32a 

HT 72.3a        4.31a 17.36ac 85.39b 2.89c 105.58a 

HT+0.25m MSA 72.11cd        2.64c 14.12c 66.02c 4.21b 105.41c 

HT +0.5m MSA 120.31a        6.12a 30.1a 90.6a 5.97a 165.12a 

HT+0.75m MSA 115.41ab        5b 24.12b 70.12bc 4.5c 152.4ab 
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Means followed by same letter are not significantly different at 5% probability using Duncan‟s test. 

 

Result and Discussions: 
Vegetative and reproductive growth 

The experiments were conducted in which tomato genotype was tested under two sets of temperature conditions. At 

controlled condition (15.15
0
C-27.12

0
C) genotype produced the highest percentage of plant height, fruit weight and 

total yield. The result indicated that 0.5 mM concentration of SA caused a significant increase in vegetative and 

reproductive growth under stress conditions. The plants height increased to its maximum 120.31cm. A very low 

concentration of SA had no effect on plant height. The maximum number of flower branch per plant is 6.12 and fruit 

per plant is 30.1 was recorded with 0.5 mM SA application (Table 1). Salicylic acid (SA) is a growth regulator 

which participates in the regulation of physiological processes in plants. It stimulates flowering in a range of plants, 

increases flower life, control ions uptake by roots and stomatal conductivity (Bhupinder et. al., 2003). Previous 

studies have demonstrated that a wide range of responses might appear after exogenous SA application as follows: 

height plants increases, fruit weight and fruits per plant (Khodary et al., 2004; EI Tayab, 2005). The mechanism of 

salicylic acid was reported by Oata (1975) and Pieterse and Muller (1977) who concluded that salicylic acid induced 

flowering by acting as a chelating agent. This view was supported by Ruskin (Ruskin et. al, 1987) who conform that 

salicylic acid functioned as endogenous growth regulators of flowering and florigenic effects. SA-supplementation 

has been reported to differentially benefit several plant species exposed to high temperatures stress (He et al., 2002; 

Larkindale and Knight, 2002; Clarke et al., 2004; Shi et al., 2006; Wang and Li, 2006; Wang et al., 2010; Khan et 

al., 2013a). 

 

Fruits per cluster, number of branches per plant, yield, fruit weight, fruits per plant and fruit quality 

Application of SA significantly increased reproductive growth parameters. The maximum number of flower branch 

per plant (6.12), and number of fruits per plant (30.1) were obtained with 0.5mM SA (Table1).The results indicated 

that application of 0.5mM SA caused a meanful increase in fruit quality compared to other levels. Highest means of 

yield (165.12 Mg ha
-1

) and fruit weight (90.6 g) were found in tomato treated with 0.5mM SA. The maximum TSS 

(5.89 
0
Brix), TA (3.0%) and vitamin C (11.69) was recorded with 0.5mM SA application. The fruit yield in 

cucumber and tomato, enhanced significantly when the plants were sprayed with lower concentration of salicylic 

acid. Singh and Singh (2008) reported that SA treatments at lower concentrations (50µM) showed significant 

increase in chlorophyll content and total non-structural carbohydrate (TNC). However, higher concentrations of 

salicylic acid had inhibitory effect.  

 

Conclusion: 
Based on the results of this study, high temperature stress severally reduced germination and tomato plantlet growth. 

Pretreatment of tomato seeds by salicylic acid considerably improve germination and plantlet growth in stress 

condition and will increase the speed and germination percentage. Pretreatment of tomato seeds with 0.5mM 

salicylic acid was the best alleviation of heat stress. It is concluded that SA could be a very promising compound for 

the reduction of the heat stress sensitivity of tomato plants, because under certain conditions it has been found to 

mitigate the damaging effects of stress factors in plants.    
 

                                

  

 

 

 

Table 2. Influence of SA on TSS, TA Fruit Firmness, Vitamin C and Fruit Lycopene 

Treatments TSS  

(
0
Brix) 

Vitamin 

(Mg.100g  

Fresh Fruit 
-1

) 

TA 

(%) 

Fruit Firmness 

(Kg Cm
-1

) 

Fruit Lycopene 

content 

(Mg/l00 g) 

Control 6.41a 15.16a 4.8a 3.56a 2.93a 

 

HT 3bc 9.9b 3.04b 2.42ab 1b 

HT+0.25m MSA 4.32c 8.14c 2c 2c 1acd 

HT+0.5m MSA 5.89b 11.6ab 3b 2.49b 1.78b 

 HT+0.75mMSA 5.01b 11.86b 5a 2.9b 1.39b 
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