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ABSTRACT 

Sustainable agriculture is greatly threatened by the drought. Studies have shown that salicylic 
acid (SA) and glycinebetaine (GB), when applied exogenously, show significant improvement in 
mitigating the damaging effects of drought. The objective of this study was to determine the role of 
exogenously applied SA and GB in ameliorating the production and quality of cherry tomato 
subjected to different regimes of irrigation. Cherry tomato plants were subjected to three irrigation 
regimes i.e. 7, 14 and 21 days along with two concentration levels of both SA i.e. 2.5 mM and 5 mM, 
and GB i.e. 25 mM and 50 mM. Control plants did not receive application of GB and SA. Fresh 
weight of leaves, saturated weight of leaves, dry weight of leaves, relative water content, leaf 
chlorophyll content, plant height, stem diameter, fruit diameter, Number of fruits, yield total soluble 
solid (TSS), titratable acidity, ascorbic acid (ASA) and lycopene were significantly affected by levels 
of irrigation, osmoprotectants and there interaction. Nevertheless, exogenously applied SA and GB 
revealed remarkable enhancement in the parameters of cherry tomato under drought. Besides, plant 
subjected to drought stress revealed enhancement in yield, and was further enhanced by different 
levels of exogenous SA and GB. Moreover, exogenous (GB and SA) application at 14 days irrigation 
interval was more effective than other treatments. The performance of SA and GB was more 
pronounced when applied on plants subjected to 21 days irrigation interval than at 07 days interval. 
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Introduction 

Plants often deal with different types of abiotic stresses like limited water stress, which 
influence growth and productivity (Li, 2007). Various abiotic factors such as temperature, water and 
salinity stress play a very notable role in limiting crop yield worldwide (Boyer, 1982).  World is 
facing water scarcity and it has been influencing agriculture the most. Currently, about 18% of the 
agriculture farms are being irrigated (more than 240 million hectares), producing 40% of the world 
food supply (Somerville and Briscoe, 2001). Water stress have been reported to significantly reduce 
the growth and production of tomato (Sánchez-Rodr'ıguez et al., 2010). It also hinders the activity of 
photosynthesis in cells by deteriorating the chlorophyll and distorting the electron transfer reaction 
(Liu et al., 2018), and consequently results in notable deterioration in yield and quality of crop 
(Tamburino et al., 2017). Moreover, water stress is responsible for the oxidative injury to primary 
metabolites, such as proteins, carbohydrates and lipids, by synthesizing the reactive oxygen species 
(ROS) (Bhattacharyya et al., 2012). The plants subjected to stress of water remarkably generates 
several antioxidant enzymes namely peroxidase (POD), superoxide dismutase (SOD), catalase (CAT) 
and glutathione reductase (GR) to abate the oxidative injury of cell components (Jiang and Zhang, 
2002; Li et al., 2011; Hosseini et al., 2017; Nahar et al., 2018). Therefore, water stress tolerance in 
crops needs to be induced. 

The crops can be successfully grown by the exogenously applied solutes that induce stress 
tolerance (Iqbal et al., 2005; Hussain et al., 2008; Farooq et al., 2009a). Osmoprotectants’ assemblies 
in plants assist directly or indirectly to hold water and guard cells from damage created by 
dehydration, hence create turgidity during limited supply of water (Ludlow et al., 1985). Experiments 
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have been conducted to improve the endurance of vulnerable cultivars, influenced by water stress, 
through the application of exogenously applied hormones i.e. gibberellic acid and cytokynin (Hayat et 
al., 2008; Akter et al., 2014).  

Higher plants generate glycinebetaine (N, N8, N9-trimethylglycine), a quaternary ammonium 
compound, in copious amount under drought conditions (Yang et al., 2003). Along with its operation 
in osmoprotection (Wyn et al., 1977; Farooq et al., 2008a), it is efficient in preserving various 
operational proteins, enzymes, such as Rubisco, and photosynthetic activities (Xing and Rajashekar, 
1999; Farooq et al., 2008b, 2009b) and enhances crop water efficiency both under drought and 
sufficient irrigation conditions (Hussain et al., 2008). Makela et al., (1996) suggested that 
exogenously sprayed GB swiftly perforates the leaf tissues and rapidly moves from the leaves to other 
plant organs. In arid climate, GB enhances the crop production (Agboma et al., 1997a, 1997b) and a 
notable increase in yield of greenhouse and field grown tomato was observed (Makela et al., 1998). 

Salicylic acid (SA), an endogenous hormone having phenolic nature, osmoregulates the plant’s 
physiological operations, and it has proved to establish resistance against diseases in plants (Raskin, 
1992). Its role in coping abiotic stress has found to be significant and provides a protective shield to 
plants subjected to stress condition (Farooq et al., 2008a). Induction of tolerance against stress is the 
key function of SA and it has been reported in many research studies (Dat et al., 1998b; Fletcher and 
Hofstra, 1988; Senaratna et al., 2000). It imparts heat and chilling tolerance in mustard (Dat et al., 
1998a, 1998b), maize (Janda et al., 1999; Farooq et al., 2008a) and wheat (Tasgn et al., 2003). In 
addition, salinity and heavy metal stress tolerance was also induced by SA in wheat (Sakhabutdinova 
et al., 2002), and barley (Metwally et al., 2003). Besides, it also induces tolerance against drought in 
wheat (Singh and Usha, 2003; Horvath et al., 2007). 

Many studies have been performed to assuage the damaging impact of limited water stress on 
crops with the help of exogenously applied osmoprotectants, however quite little information is 
available regarding cherry tomato. Therefore, current study was conducted to evaluate the influence of 
limited water stress on the growth and productivity of cherry tomato and to reveal the performance of 
glycinebetaine and salicylic acid on drought affected plants. 

 
Materials and Methods 
 

The current research was conducted at the designated farm, located at 30°25’75°N and 
71°51’55E, for agricultural experiments at Bahauddin Zakariya University, Multan (Pakistan) during 
the year 2016-2017. The growth of cherry tomato in response to salicylic acid and glycinebetaine 
under different conditions of water stress was determined. 
 
Source of plant material 

Seedlings of cherry tomato cultivar Gola were purchased from Jaffar Group, Multan, Punjab 
Pakistan. Salicylic acid (99.5% pure) and glycinebetaine were procured from Sigma-Aldrich 
Laborchemikalien and MP Biomedical, LLC, France, respectively. 

 
Experimental design 

The experiment was subjected to Randomized Complete Block Design (RCBD) having split 
plot arrangement with three numbers of replication. The experimental design is presented in Fig.1.  
The three different levels of irrigation (Irrigation1 (I1) 7 days, Irrigation2 (I2) 14 days, 
Irrigation3 (I3) 21 days) were applied, each irrigation level contained five levels of 
osmoprotectants (T1 Control, T2 2.5 mM SA, T3 5.0 mM SA, T4 25 mM GB, T5 50 mM GB 
respectively). After 40 days of transplantation, the foliar application of both the osmoprotectants 
was carried out. An hour before dusk, the different levels of osmoprotectants was applied through 
hand sprayer on plants. The said method was carried out thrice after 10 days interval. The length of 
the seedling was from 9 inch to 12 inch. In this experiment total number of plants were 450, each bed 
contain 10 plants with 100 cm row spacing and plant to plant distance of 60 cm. The experimental 
design is presented in Fig.1. 
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Preparation of osmoprotectants solutions 
The osmoprotectants were liquefied in solvent (distilled water). Salicylic acid does not dissolve 

properly in water unless it is mixed with a base. Therefore, total quantity of sodium bicarbonate (G.M 
Laboratory, Lahore, 99% pure) was mixed with salicylic acid to liquefy it with solvent. The liquid 
solution of different SA and GB treatments were prepared according to their molecular masses i.e 
138.121 g/mol and 117.146 g/mol.  

 
Preparation of land 

Land was rotavated followed by ploughing with country plough. Beds, 9”-12” high and 1 meter 
apart were made. Furrows were made and applied with fertilizers (N:P:K) at the recommended rate of 
100:150:60 kg/ha. The plant to plant distance was maintained at 60 cm apart on both sides of the bed. 
After transplantation, the seedlings were immediately irrigated. The seedlings were then irrigated on 
regular basis until 30 days of transplantation to ensure the establishment of plants and maintain plant 
numbers. The experimental field was maintained with recommended plant protection measures and 
intercultural practices. Hoeing was carried out at proper intervals to eliminate the stress factor due to 
weeds. There was little pest infestation except for fruit worm which was minimized by applying 
Bifenthrin 10%EC at the rate of 300ml/acre. 

 
Plant growth, relative water content and SPAD index 

Selection of six mature plants having uniform morphology was harvested to measure the plant 
growth. Ten sample leaves were obtained from each plant. The fresh weight (FW) of the collected 
sample leaves was computed with help of electric weighing balance (MSE24P-1-CE-DA, Cubis®, 
Sortorious, Goettingen, Germany). The same sample leaves were then determined for saturated weight 
of leaves (SW).  The sample leaves were dipped in the distilled water contained by petri dishes placed 
in dim light. After four hours, the weight of the sample leaves was immediately determined on an 
electrical balance, and the results were noted. The sample leaves were then dried in oven to measure 
the dry weight (DW) of leaves. The labelled paper bags containing the sample leaves were placed in 
the oven for 15 minutes at 105 °C and later for 72 hours at 70 °C temperature. The relative water 
content (RWC) was determined as suggested by (Fletcher and Hofstra, 1988). The RWC of leaves 
was computed by using the formula; RWC= 100* (FW-DW)/(SW-DW). SPAD-502 Chlorophyll 
Meter (Minolta Camera Co., Ltd., Japan) was used to evaluate the relative chlorophyll content of 
mature leaves. After 75 days of transplanting, the said plants from each replication were chose to 
determine the plant height and stem diameter with the help of a measuring tape and digital Vernier 
caliper respectively. 

 
Fruit growth and yield 

Ten fruits were randomly collected from the selected sample plants to determine the fruit 
diameter with the help of a digital Vernier caliper. The average fruit number on those desultorily 
selected plants in each replication was tallied. Entire fruit on six sample plants was collected in two 
pickings and weighed with the help of digital electronic balance and readings were recorded. 

 
Total soluble solid (°Brix) 

The juice of twenty fruits from selected sample plants was extracted for the computation of 
total soluble solids (TSS). TSS was calculated in °Brix by refractometer. 

 
Estimation of Biochemical parameter 

Plant samples were collected for subsequent analysis. The juice was extracted for the 
computation of titratable acidity (TA) as mentioned by (Hortwitz, 1960), ascorbic acid as 
recommended by Ruck, (1961) and lycopene as mentioned by Anthon and Barrett, (2007). 

 
Statistical analysis: - 

The effect of the levels of osmoprotectants and irrigation was evaluated by using Analysis of 
Variance (ANOVA) technique. Least Significant Difference (LSD) test at 1% and 5% level of 
probability was applied to compare the means of the levels of the statistically significant factors and 
their interactions. Statistics software (XLSTAT) was applied for the said purpose. 
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Results and Discussion 
 
Fresh and Saturated weight of leaves 

SA and GB, 2.5mM and 50mM respectively, exhibited notable rise in the fresh weight of leaves 
and 2.5mM SA enhanced saturated weight of leaves in cherry tomato plants subjected to 14 days 
irrigation interval as compared to the control plants subjected to 7 days irrigation interval (Fig. 1; Fig 
2). Salicylic acid has found to be responsible in enhancing leaves fresh weight in sunflower crop 
(Moradkhani et al., 2013), which is similar to result of present study, as the salicylic acid regulates 
several process and functions associated with physiology to promote growth and development in 
plants (Krantev et al., 2006) and it regulates the metabolic activities during drought stress. Similarly, 
glycinebetaine improved fresh weight of tomato leaves under water stress (Rezaei et al., 2012) which 
could be due to the fact that glycinebetaine adjusts the osmosis in leaves and blocks the disturbance in 
osmosis during drought (Ashraf and Foolad, 2007). 

 

 

 

Fig.1: Effect of salicylic acid and glycinebetaine on fresh weight of leaves in tomato exposed to 
different level of irrigation and osmoprotectants. Data means of three replications ±SE. 

 

 

 

Fig. 2: Effect of salicylic acid and glycinebetaine on saturated weight of leaves in tomato exposed to 
different level of irrigation and osmoprotectants. Data means of three replications ±SE. 

 
Dry weight of leaves 

The plants irrigated at 14 days interval and applied with 2.5mM concentration of both SA and 
GB showed remarkable enhancement in dry weight of leaves. However, SA caused more dry weight 
than GB (Fig. 3). In current study, tomato leaves produced more dry matter when subjected to 14 days 
interval as compared to control. Nahar and Ullah, (2012) also observed the similar result in leaves of 
tomato. This rise in the accumulation of dry matter in the plants subjected to slight water stress may 
be due to the osmotic adjustment (Richter and Wagner, 1983), which has been observed in corn, 
soybean and wheat due the exogenous application of SA (Khan et al., 2003; Singh and Usha, 2003). 
Similarly, GB has also been found to improve dry matter in the leaves of tomato (Rezaei et al., 2012). 
Hence, both SA and GB play important role in adjusting osmosis in the leaves of plants Ashraf and 
Foolad, 2007; Mori, 2001). 
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Fig. 3: Effect of salicylic acid and glycinebetaine on dry weight of leaves in tomato exposed to 
different level of irrigation and osmoprotectants. Data means of three replications ±SE. 

 
Relative water content 

The relative water content (RWC) in leaves of cherry tomato plants, treated with 14 days 
irrigation interval, was ameliorated by concentrations of GB, followed by concentrations of SA which 
were statistically at par with GB concentrations as compared to control (Fig. 4). Mori, (2001) reported 
that SA mitigates transpiration rate through stomata closure which lets the plant to accumulate more 
water in leaves, hence increasing RWC of leave. Hayat et al., (2008), and Singh and Usha, (2003) 
reported similar findings in tomato and wheat, respectively. Similarly, glycinebetaine regulates 
osmosis in drought stressed plants (Ashraf and Foolad, 2007) and consequently enhances RWC in 
tomato (Rezaei et al., 2012). 

 

 

 

Fig. 4: Effect of salicylic acid and glycinebetaine on Relative Water content of leaves in tomato 
exposed to different level of irrigation and osmoprotectants. Data means of three replications 
±SE. 

 
Leaf chlorophyll content 

All the concentrations of osmoprotectants notably enhanced leaf chlorophyll content of cherry 
tomato plants under three irrigation regimes as compared to control (Fig. 5). Since SA regulates the 
biogenesis of chloroplast (Uzunova and Popova, 2000), therefore it has been found to ameliorate 
chlorophyll in barley, maize, cucumber and tomato (El-Tayeb, 2005; Gunes et al., 2007; Yildirim et 
al., 2008; Hayat et al., 2008) and increases SPAD value and photosynthetic activity in plants (Singh 
and Usha, 2003). Similar characteristics of osmoprotection of GB enhances chlorophyll content in 
leaves of common bean under drought stress (Ashraf and Foolad, 2007) and tomato (Whapham et al., 
1993; Blunden et al., 1997; Makela et al., 2000).  

 
Plant height 

Plant height was significantly influenced by osmoprotectants, however irrigation regimes had 
no influence. Interaction between both factors was also found to be non-significant. The low levels of 
both the osmoprotectants exhibited more plant height than other treatments (Fig. 6). Plant height was 
found to be ameliorated by salicylic acid in common bean (Sadeghipour and Aghaei, 2012) and garlic 
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(Bideshki and Arvin, 2010). Similarly, SA enhanced synthesis of biomass in Clitoria resulting in 
increased plant height (Martin-Mex and Larque- Saavedra, 2007). Glycinebetaine application resulted 
in an increased plant height. Plant height of sweet paper was found to be enhanced by the application 
of GB (Khafagy et al., 2009). It is due to the fact that GB triggers cell division and hence ameliorates 
biomass production which consequently increases plant height (Masle, 2000; Park et al., 2007). 

 

 

 

 
Fig. 5: Effect of salicylic acid and glycinebetaine on chlorophyll content of leaves in tomato exposed 

to different level of irrigation and osmoprotectants. Data means of three replications ±SE. 
 

 

 

 

Fig. 6: Effect of salicylic acid and glycinebetaine on plant height in tomato exposed to different level 
of irrigation and osmoprotectants. Data means of three replications ±SE.       

 
Fruit number 

Fruit number was remarkably increased by the application of low levels of both 
osmoprotectants on plants subjected to 14 and 21 days interval of irrigation. However, minimum fruit 
number was observed on control plants (Fig 7). In current study, water stress resulted in more fruit 
number. Similar result was evaluated by Nahar and Ullah, (2012), who reported the enhancement of 
fruit number in tomato plants subjected to water limitation as compared to adequate water supplied 
plants and hence improved yield. Similar evaluations were made by Lampinen et al., (1995) in plum 
cultivar French prune. As for the performance of SA in increasing fruit number, Hayat et al., (2007) 
evaluated that SA improves flower setting in various plants which result in enhanced number of fruits 
on plant. Similarly, SA ameliorated the number of fruits in tomato plants as reported by Yildirim and 
Dursan, (2009). As for GB, it has also been found to increase the number of fruits in tomato plant 
(Rezaei et al., 2012). 

 
Fruit diameter 

Fruit diameter was significantly surged by the application of osmoprotectants, especially SA @ 
2.5mM sprayed on plants subjected to 14 days irrigation regime as compared to control. All the 
concentrations of osmoprotectants exhibited significant increase in fruit diameter of plants treated 
with 14 days irrigation regime (Fig 8). In current study, water limitation enhanced diameter of cherry 
tomato fruit. Similar finding was reported by Nahar and Ullah, (2012) in tomato and Sharma and 
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Kumar, (1989) in Indian mustard. As for salicylic acid, it increments the diameter of fruit in tomato 
(Yildirim and Dursan, 2009), since it triggers cell division (Dolatabadian et al., 2009) thus 
ameliorates fruit size (Beckles et al., 2012). Similarly GB increments fruit size due to the enhanced 
cell division in tomato fruits (Park et al., 2007). 
 

  

 

Fig. 7: Effect of salicylic acid and glycinebetaine on fruit number in tomato exposed to different level 
of irrigation and osmoprotectants. Data means of three replications ±SE.  

 

 

 

Fig. 8: Effect of salicylic acid and glycinebetaine on fruit diameter in tomato exposed to different 
level of irrigation and osmoprotectants. Data means of three replications ±SE. 

 
Stem diameter 

Plants subjected to 7 day irrigation regime and sprayed with 2.5 mM SA notably exhibited 
maximum diameter than control. Moreover, lower levels of both the osmoproectants showed increase 
in stem diameter as compared to control (Fig 9). In current research, water limitation abated the stem 
diameter. Similar studies have reported abatement in stem diameter of drought affected tomato plants 
(Sibomana et al., 2013). Salicylic acid has found to cause an increment in the stem diameter of plants 
(Yildirim and Dursan, 2009) such as wheat (Dolatabadian et al., 2009) and Clitoria (Martin-Mex and 
Larque- Saavedra, 2007) by triggering cell division and consequently increasing biomass production 
and promoting plant growth (Masle, 2000).   Glycinebetaine also ameliorated the stem diameter in 
canola (El-Hadid et al., 2007) and tomato plants through cell division (Park et al., 2007). 
 
Fruit yield 

Fruit yield was found to be significantly maximum in plants subjected to 14 days irrigation 
regime and sprayed with 25mM GB as compared to control. Moreover, all the levels of osmoprectants 
performed better than control in 14 days irrigation regime (Fig 10). In the current study, drought had 
ameliorating influence in the production of tomato. Likewise, slight water stress has been found to 
enhance fruit yield in tomato fruit yield in plum (Lampinen et al., 1995) and tomato (Nahar and Ullah, 
2012). The controlled water supply causes an increase in fruit production. Similarly, salicylic acid 
improves fruit production in tomato (Javaheri et al., 2012; Yildirim and Dursan, 2009) by inducing 
flowering (Hayat et al., 2007). Likewise, GB ameliorates yield in tomato (Rezaei et al., 2012) in 
association with long root system during a short life cycle (Sarwar et al., 2006).  
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Fig. 9: Effect of salicylic acid and glycinebetaine on stem diameter in tomato exposed to different 
level of irrigation and osmoprotectants. Data means of three replications ±SE. 

 
 

 

 

Fig. 10: Effect of salicylic acid and glycinebetaine on fruit yield in tomato exposed to different level 
of irrigation and osmoprotectants. Data means of three replications ±SE. 

 
Total soluble solids (TSS) 

Plants treated with osmoprotectants, especially both levels of GB, subjected to all irrigation 
regime exhibited maximum TSS as compared to control. SA in combination with irrigation regimes 
revealed similar TSS statistically (Fig 11). Indistinguishably, Javaheri et al., (2012) and Yildirim and 
Dursun, (2009) reported improved TSS in tomato. As for glycinebetaine, Ibrahim and Aldesuquy, 
(2003) evaluated similar enhancement in the TSS of tomato juice in sorghum. Sugar synthesis is 
directly associated with osmoprotection (Sadeghi and Shekafandeh, 2014) which is facilitated by both 
GB and SA (Ashraf and Foolad, 2007; Mori, 2001). 

 

 

 

Fig. 11: Effect of salicylic acid and glycinebetaine on total soluble solid in tomato exposed to 
different level of irrigation and osmoprotectants. Data means of three replications ±SE. 

 
Titratable acidity 

Osmoprotectants, especially lower concentration of SA and higher concentration of GB, 
remarkably ameliorated TA in the fruit juice of plants subjected to 14 days irrigation regime. 
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Moreover, all irrigation regimes and osmoprotectants treated plants’ fruit juice produced more TA 
than control (Fig 12). In current study, drought resulted in enhanced TA. Indistinguishably, similar 
results have been reported by Perez-Pastor et al., (2007) in apricot, Lopez et al., (2011) in pear and 
Garcia-Tejero et al., (2010) in orange. SA has been found to improve TA in strawberry (Lolaei et al., 
2012) and peach (Javed et al., 2012). Likewise, GB also improved TA in cucumber (Eissa, 2011). 

 

 

 

Fig. 12: Effect of salicylic acid and glycinebetaine on titratable acidity in tomato exposed to different 
level of irrigation and osmoprotectants. Data means of three replications ±SE.      

 
Ascorbic acid 

Osmoprotectants, especially both concentrations of GB in combination with 7 and 14 days 
irrigation regime, significantly exhibited maximum ascorbic acid of fruit juice as compared to control 
(Fig. 13). In current study, drought evidently ameliorated ascorbic acid in juice which is 
indistinguishable to the results of Rezaei et al., (2012) and Nahar and Gretzmacher, (2002). Salicylic 
acid had higher ascorbic acid as compared to control. SA caused an increment in the concentration of 
in strawberry (Lolaei et al., 2012) and watermelon (Jing-Hua et al., 2008). Moreover, glycinebetaine 
has caused an increase in the production of ascorbic acid in current study. 

 

 

Fig. 13: Effect of salicylic acid and glycinebetaine on ascorbic acid in tomato exposed to different 
level of irrigation and osmoprotectants. Data means of three replications ±SE. 

 
Lycopene 

The maximum production of lycopene was observed in fruit juice of cherry tomato plants 
subjected to extreme water stress and 2.5mM concentration of SA (Fig. 14).  Similarly, water stress 
has been reported to enhance tomato fruit color (Kubota et al., 2006). Hence, drought stress promotes 
lycopene production in cherry tomato (Matsuzoe et al., 1998) and produces large tomato (Zushi and 
Matsuzoe, 1998). Likewise, Javaheri et al., (2012) evaluated the improved production of lycopene in 
tomato caused by the application of salicylic acid. 
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Fig. 14: Effect of salicylic acid and glycinebetaine on lycopene in tomato exposed to different level of 
irrigation and osmoprotectants. Data means of three replications ±SE. 

 
Conclusion 

Environmental stress, such as water limitation, adversely influence the quality and yield 
attributes of tomato. In this predicament, plants, alone, can’t mitigate the damaging effects. Therefore, 
tomato plants need exogenous support to coupe drought stress which is facilitated by the 
osmoprotectants to carry out various process of osmoprotection to enhance yield and quality. 
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	Total soluble solid (°Brix)
	The juice of twenty fruits from selected sample plants was extracted for the computation of total soluble solids (TSS). TSS was calculated in °Brix by refractometer.



