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Abstract

Abiotic stresses (such as drought, chilling and heat as well as salinity) reduces more than 50 % average yield of major crops and plants use many strategies to cope with these abiotic stresses.  Enlarged prevalence of salinity on arable lands put forward the need of a superior know how of the plant tolerance mechanisms in order to withstand crop productivity by modifying growth circumstances to the best imaginable extent. To cope with salt stress, exogenous application of phytohormones has been expected as a practical methodology concerned in numeral studies with a sound degree of achievement in improving adverse effect of salinity. Here we highlighted how plant hormones like salicylic acid and jasmonates at physiological and molecular levels on exposure to salinity may alleviate the problem of salinity stress. Pretreatment of seeds or their exogenous application makes the plant tolerant to salinity stress. Application of these hormones has links with the genes responsible for the salinity tolerance. Therefore salicylic acid and jasmonates may be used for higher crop production under salinity conditions. However more researches are needed to be done yet to evaluate appropriate concentrations of exogenously applied SA and JA to maintain proper balance between the positive and the negative effects on growth and development and its effect on endogenous phytohormones.    
Keywords: Salicylic acid, Jasmonates, Plant growth and development Salinity Stress tolerance
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The population of the world is predicted to increase by 34 % in 2050 that will need more food production (FAO 2009). In order to feed the increasing population is a challenging task, while at the other hand climate change is a big threat for the sustainability of agriculture (Hussain et al. 2014).  There are a number of abiotic stresses such as drought, chilling and heat as well as salinity (Tardieu and Tuberosa 2010; Saud et al. 2013). Due to abiotic stresses more than 50 % average yield of major crop has been reduced (Wang et al. 2001). In order to cope with abiotic stresses, plants employ many strategies which ultimately enhance the plant growth and productivity. Phytohormones refer to the compounds derived from plant biosynthetic pathways that can act either locally (at the site of their synthesis) or transported to some other site within plant body to mediate growth and development (Peleg and Blumwald 2011). Thus phytohormones play a vital role in mediating plant responses to abiotic stress, by means of which the plant may attempt to escape or survive the stressful conditions and may result in reduced growth so that the plant can focus its resources on withstanding the stress (Skirycz and Inze ´ 2010). The  abiotic strains often leads to adjustments in production, circulation or signal transduction of growth as well as stress hormones when then promote protective mechanisms (Eyidogan et al. 2012). Salinity has adversely affected about 30 % of the irrigated and 6 % of total land area, worldwide (Chaves et al. 2009). Increased incidence of salinity on arable lands suggests the need of a better understanding of the plant tolerance mechanisms in order to sustain crop productivity by modulating growth conditions to the best possible extent. Phytohormones are thought to be the most important endogenous substances that are critical in modulating physiological responses that eventually lead to adaptation to an unfavorable environment, as is the case under salinity (Khan and Khan 2013). To cope with salt stress, exogenous application of phytohormones has been anticipated as a reasonable approach (Iqbal et al. 2012) and concerned in numeral studies with a reasonable degree of achievement in improving adverse effect of salinity (Sharma et al. 2013; Iqbal and Ashraf 2013a, b; Amjad et al. 2014). Treatment of plants with exogenous application of phytohormones showed prompt and transitory variations in genome-wide transcript proﬁles (Chapman and Estelle 2009). Exogenous application of SA enhanced the crop growth, achene yield and WUE in sunflower under both limited and well-watered conditions (Hussain et al. 2009). Salicylic acid has been recognized as important for modifying a plant’s response to environmental stress (Senaratna et al., 2000). Salicylic acid in the cell wall acts as a barrier against moisture loss (Barguieris et al., 2007). Salicylic acid application can affect salinity tolerance through increased photosynthetic process and increased metabolism of carbohydrates (Khodary, 2004). Salicylic acid (SA) belong to different plant phenols, which comprise an aromatic ring known as the hydroxyl group and are present in many plants such as, wheat, rice, cotton and tobacco etc (El-Tayeb, 2005). Jasmonates (JAs), as plant growth regulators and defense signals, control many plant developmental and growth processes and mediate plant responses to abiotic and biotic stresses (Cheng et al., 2009). Tsonev et al. (1998) reported that pre-treatment of barley plants with JA before salinization ameliorated the inhibitory effects of salinity on growth when compared to a direct salt stress. . Dombrowski (2003) reported a wounding–JA salinity interaction in tomato, where salt stress induced wound-related genes through the activation of the octadecanoid pathway. Thus, understanding the role of phytohormone such as salicylic acid (SA) and jasmonates (JA) or its crosstalk with other phytohormones would yield crucial information on molecular mechanisms conferring adaption to saline soils. In present the review, we argued the prospective role of phytohormones in relieving adverse effect of salinity on plants. We also summarized the recent progress in engineering of hormone-associated genes aimed at improving the stress tolerance in plant.
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Salicylic acid (SA) is a growth regulator having phenolic nature, which participates in regulating the physiological processes in plants (Raskin, 1992). Foliar application of SA reduces the damaging effects of water stress on seedling growth, salinity and enhances the restoration of growth processes in wheat (Sakhabutdinova et al., 2003). In defense responses to environmental stresses and in the regulation of plant growth and development SA plays an important role (Senaratna et al. 2000; Devinar et al. 2013; Bastam et al. 2013). Based on recent literature, it is evident that despite of mitigating biotic stresses, SA is also involved in alleviating  abiotic stresses and salinity stress is one of the abiotic stresses (Bastam et al. 2013; Fahad and Bano 2012; Fahad et al. 2014; Javid et al. 2011; Khodary 2004 and Iqbal et al. 2014).  According to Hayat et al. (2005) application of SA improves transportation and uptake of ions, persuades changes in chloroplast structure and is involved in growth and development, photosynthesis and respiration. SA has great impact on the various plant processes such as seed germination, nodulation, glycolysis, stomatal conductance, transpiration, ion uptake and transport, photosynthesis, thermo-tolerance and senescence (Khan et al. 2003).  Inhibition in the chlorophyll biosynthesis in sorghum due to salinity stress was alleviated by SA application and could probably be attributed to stimulation of Rubisco activity and pigment contents (Dela-Rosa and Maiti., 1995). Zhao et al. (1995) stated that treating soybean plants with SA, increased photosynthesis rate as well as pigments. Under salinity stress, SA decreased the ABA content while increased IAA in maize plants (Fahad and Bano. 2012).  Salt stressed maize plants when treated with SA stimulated salt tolerance in the plants through enhancing photosynthesis performance and carbohydrate’s metabolism (Khodary 2004). Bastam et al. (2013) experiment led to the conclusion that exogenously applied SA improved salt tolerance in the seedlings of pistachio. SA addition to the soil also exhibited salt tolerance in mustard and maize by declining the accumulation of toxic ions (Gunes et al. 2007). Under the salinity stress conditions, SA increase root growth, ascorbate peroxidase activities, superoxide dismutase and peroxidase activities of maize as compared to salt treatment while decreased the catalase activity. The tolerance of plants to salinity under the exogenous application of SA may be attributed to the accretion of solutes like glycine betaine and proline (Palma et al. 2009) and upregulation of antioxidative systems (Nazar et al. 2011). Lower lipid peroxidation and membrane permeability was encountered in SA treated plants which otherwise were quite higher under salinity stress (Horva ´th et al. 2007). Rectification in the photosynthetic rate in mustard crop was observed with SA application due to the induced activity of nitrate reductase and ATP-sulfurylase and antioxidant metabolism under salinity (Nazar et al. 2011). Salinity stress mitigation with SA has been well documented in crops such as wheat (Sakhabutdinova et al. 2003), mustard (Syeed et al.), barley (El-Tayeb 2005), mung bean (Khan et al. 2010; Nazar et al. 2011) and bean (Azooz 2009). A practical methodology and step forward to accelerate our crop yields under saline condition, exploitation of this phytohormone as a stress management tool will be a subject of interest as it can impart tolerance to our agricultural crops against the salinity.  However to know the mode of action and other key roles performed by SA and to unravel the exact pathway of SA biosynthesis, whether major or minor, important regulatory point of its biosynthesis, a lot research work is still needed to be performed. To find the interactive effect of SA with the other phytohormones also remains a relevant matter to be addressed in the existing framework as the SA is excessively involved in crosstalk with other phytohormones or can alter their biosynthesis (Pieterse et al. 2009)
[bookmark: _Toc438414913]Jasmonates (JA)
Jasmonates are known to activate the plant defense responses to various biotic and abiotic stresses (Mei et al. 2006) and are vital cellular regulators involved in many developmental processes of plants such as germination of seed, callus growth, root growth, ﬂowering, formation of gum and bulb, and senescence (Cheong and Choi 2003; Pedranzani et al. 2003; Tani et al. 2008). JA are produced in the leaves, and cellular organelles such as chloroplasts and peroxisomes are considered to be the main sites for JA biosynthesis (Cheong and Choi 2003). During high salinity stress, increased levels of JA induced JA biosynthesis genes and stress related proteins in the roots and leaves of rice plants (Tani et al. 2008). Increment in the JA levels were observed in only in the vegetative tissues, however either the salinity stress increase JA levels in the reproductive organs is yet to be answered.  The JA concentration was lower in the salt sensitive cultivars as compared to the resistant cultivars (Kang et al. 2005). Mei et al. (2006) stated that exogenously applied JA resulted in the induction of stress related genes. When tomato plants were exposed to the salinity stress, enhancement in JA concentration was observed (Pedranzani et al. 2003). Inhibition in the rate of CO2 fixation was mediated by JA application in peas (Velitcukova and Fedina 1998). In saline conditions application of JA reduced the stress in rice seedlings; moreover the effect was more pronounced in salt sensitive cultivars as compared to the tolerant cultivars (Kang et al. 2005). Barley resistance to salinity is attributed to induction of JA-responsive genes salinity (Walia et al. 2006). There was a sharp increase in endogenous concentration of JA by exposing barley leaf segments to osmotic stress of manitol or sorbitol (Kramell et al. 2000).  According to Walia et al. (2007) salinity stress mediation by JA could possibly attributed to three JA-regulated genes viz. apoplastic invertase, arginine decarboxylase and ribulose 1, 5-bisphosphate carboxylase/oxygenase (Rubisco) activase.  Kang et al. (2005) quantified that exogenously applied JA may alter the endogenous balance of phytohormones like ABA, which is a substantial indication to for understanding the mechanism of protection against salinity stress. To fully understand how salinity stress alters the endogenous concentration of JA, there is demand of more studies to explore the relation between salinity stress and endogenous JA levels. Furthermore, exogenously applied JA affectedly reduced sodium concentration. Based on the aforementioned, results from the previous researches explored that JA plays important role in salinity stress and can be used as a defensive agent to mediate salinity stress. On the other hand exogenously applied JA for mediating salinity stress may lead to alteration in the concentration of endogenous phytohormones which is the challenging task for new researches to understand the protection mechanism. 
[bookmark: _Toc438414914]Conclusions and future perspectives
Population of the world is increasing exponentially and to feed the increasing population is a challenging task. On the other hand crop production is challenged by uncertainty of climatic optima including abiotic stresses. Salinity is an important abiotic stress that has adversely affected about 30 % of the irrigated and 6 % of total land area, worldwide due to deterioration in soil quality. Many strategies are used to reduce the salinity problem and to alleviate salinity with phytohormones is one of the strategies. In the present review we summarized the practical role of phytohormones like salicylic acid and jasmonates at physiological and molecular levels on exposure to salinity. We came to the conclusion that these phytohormones are directly or indirectly are involved in modulating plant responses to salt stress. Either pre-sowing treatment of seeds with these hormones or their exogenous application improved the adverse effects of salinity. Close linkage exist between phytohormones and plant genes, and some genes responsible for the defense mechanism against salinity stress are being stimulated by the phytohormones. Therefore identification of genes responsible for salinity tolerance is a clue for future perspectives and will make possible the generation of transgenic crops able to grow under salinity stress.  On the other hand to maintain proper balance between the positive and the negative effects of SA and JA on growth and development, molecular biology may further explore the details related to phytohormones and salinity stress.
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