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Abstract 
 

Accompanied with increasing world's population, we need more food. In the other hands, most important crops and vegetables are 

susceptible to salinity. Unfortunately the salinization process in agricultural fields will decrease the suitable land for cultivation by 

30% within the next 25 years, and up to 50% by the year 2050. Therefore, developments of salt tolerant crops can be the best and 

most practical way to produce enough food. In the course of evolution, plants have developed several protecting mechanisms 

(avoidance and tolerance) so as to adapt to salt stress. Understanding the cellular basis of salt stress tolerance mechanisms is 

necessary for breeding and genetic engineering of salt tolerance in crops. Tolerance mechanisms mainly are applicable to practical 

manipulations. Tolerance mechanisms in plant can be categorized as: a)-antioxidative defense, b)-ion homeostasis, c)-compatible 

solute and d)-transcription factors. In this review we tried to make a comprehensive review on these 4 tolerance mechanisms from the 

molecular aspects. 
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Introduction 

 

At the recent years, plant breeders have successfully done a 

lot of researches on molecular mechanisms of salinity 

tolerance led to valuable achievements, but despite of this, 

there are few comprehensive reviews on it. Thus, we tried to 

surmount this need. As the population of the earth continues 

to increase, more food should be produced. In the other 

hands, Plants as the first chain of production are ordinarily 

exposed to different environmental stresses, including 

drought, salinity, and high and low temperatures that reduce 

crop yield, which decrease the universal food production 

bfigfigffffy 70% (Batool et al., 2014; Eltelib et al., 2012; Fu 

et al., 2011; Shao et al., 2008; Sadat Noori et al., 2008; 

Vinocur and Altman, 2005; Sadat Noori and McNeilly, 2000; 

Pitman and Lauchli, 2002). One of the most important 

stresses, especially in arid regions is the Salinity (Sadat Noori 

et al., 2006; Nikolova and Ivancheva, 2005; Foolad, 2004; 

Sadat Noori and McNeilly, 2000; Shannon, 1998). Salinity 

could decrease the quantity and quality of plants yield 

(Murkute et al., 2005). The meaning of Salinity is having of 

electrical conductivity (ECe) 4 dS m-1 to up at 25˚C 

(Richards, 1954). The origins of salt in land can be very 

various but irrigation and poor drainage are the main factors 

important in salinization (Ezlit et al., 2010; Mohamed et al., 

2007; Zhu, 2007). Cations and anions with most important 

role in salinity are sodium (Na+), calcium (Ca2+) and 

magnesium (Mg2+), chloride (Cl-), sulfate (SO2
−4) and 

bicarbonate (HCO−3), meanwhile the most prevalent of them 

are firstly Na (in almost plants) and secondly Cl (especially 

in trees like citrus) (Ebrahimi and Bhatla, 2012; Rai et al., 

2011; Brumos et al., 2009; Turkan and Demiral, 2009; Tester 

and Davenport, 2003; Volkmar et al., 1998). Because of that 

in salinity researches on plants, mostly use NaCl as the 

salinizing salt (Shahbaz and Ashraf, 2013; Rani et al., 2012; 

Izadi Darbandi and Bahmani, 2011; Sadat Noori et al., 2008; 

Jenks et al., 2007). Most of the eatable plants are glycophytes 

and susceptible to salinity, in the other hand, nearly all of the 

plants in reproductive stage aren't tolerant to salinity (Izadi 

Darbandi and Bahmani, 2011; Munns, 1993). Based on an 

information from FAO (The United Nations Food and 

Agriculture Organization), more than 400 million hectares of 

the world land, including most parts of the continents have 

the salinity problem (Koohafkan, 2012). Growing salinization 

phenomena in agricultural fields decreases the proper land for 

cultivation, even maybe up to 50% by the year 2050 (Rani et 

al., 2012; Tian et al., 2011; Parvaiz and Satyawati, 2008; 

Chinnusamy et al., 2005). In these ways, new technologies 

like Remote Sensing are perfectly used for identifying and 

mapping of saline areas (Allbed and Kumar, 2013). 

Elimination of Salts from the Root Zone of plants by 

traditional methods like irrigation correction, leaching, 
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cultivation change, especial kind of fertilizer application, or 

reduction in harmful effect of salinity using some especial 

bacteria and mycorrhyzal fungi (like Ectomycorrhizas, 

Arbuscular Mycorrhizas), plant treatment (by Salicylic acid, 

Brassinosteroids, Abscisic acid) may be the first solutions for 

salinity (Plaut et al., 2013). It is reported that short term 

treatment of tomato plants by NaCl that was caused to 

increase in antioxidant content in plant (Roy and Sengupta, 

2014), and also treatment of rice seeds by Prolin as one of the 

compatible solute (Deivanai et al., 2011) can increase salt 

tolerance of these plants. 

Unfortunately, sometime these solutions are not working. As 

the last solution, Development of salt tolerant crops by 

classical or modern techniques of plant breeding would be an 

applied approach for salinity (Izadi Darbandi and Bahmani, 

2011; Sadat Noori et al., 2006; Yamaguchi and Blumwald, 

2005; Chinnusamy et al., 2005; Sadat Noori and McNeilly, 

2000). 

 

Plants in saline condition 

 

Plants can sense salt stress by ionic (Na) and osmotic signals. 

Excess Na is sensed either by the transmembrane protein on 

the plasma membrane (Membrane bound histidine kinases) or 

within the cell by Na sensitive enzymes or membrane 

proteins. Also the plasma membrane Na+/H+ antiporter 

SOS1with 10-12 transmembrane domains and a long 

cytoplasmic tail can work as a Na sensor (Ji et al., 2013; 

Turkan and Demiral, 2009; Chinnusamy et al., 2005; Mikami 

et al., 2002). Salinity has several deleterious effects on plants 

such as: Osmotic stress (resulted in loss of cell turgor), Ion 

toxicity (mainly due to the Na+ and Cl- and SO4
2-), Mineral 

deficiency (specially Potassium, Ferrum and Zinc), Ion 

imbalance, Oxidative stress, Stomatal blockade (resulted in 

reduction of carbon dioxide availability), photosynthesis 

Prohibition, cell division Prohibition (interaction of Salinity 

with plants cellular components including DNA, proteins, 

lipids and pigments), increase of sensitivity to diseases and a 

combination of these (Fahramand et al., 2014; Rani et al., 

2012; Aslam et al., 2011; Tester and Davenport, 2003; Zhu, 

2002; Volkmar et al., 1998; MacDonald, 1982; Snapp et al., 

1991). Also decrease in PSII Photochemistry and Chlorophyll 

Content because of salinity and subsequently reduction in 

photosynthesis and yield production in plants is confirmed 

(Afzal et al., 2014; Jamil et al., 2014; Ashraf and Harris, 

2013). Genotype, environment and genotype by environment 

(GₓE) interactions are major factors that evolutionary 

influence features of plants, so due to adaptation to the local 

environments, different genotypes show genetic variation 

which may impact on the traits of plants including salinity 

resistance (Bahmani et al., 2012a; Izadi Darbandi and 

Bahmani, 2011; Heywood, 2002). As a sidelong point, this 

shows the importance of genetics conservation (Bahmani et 

al., 2012a; Bahmani et al., 2012b; Bahmani et al., 2013).   

 

Plant adaption to salinity (avoidance and tolerance) 
 

Plants with the power of living in saline environments may 

have avoidance (plant morphological, anatomical and 

physiological changes) or/and tolerance (cellular and 

molecular approaches) mechanisms (Fu et al., 2011; 

Ashrafijou et al., 2010; Vinocur and Altman, 2005). Salt 

resistance plants known as Halophytes, have an important 

mechanism of avoidance (plant tries to keep away the salt 

ions) and better at regulation Na transport than glygophytes. 

The avoidance mechanisms mostly result of morphological 

and physiological changes at the whole-plant level (Kumar 

Parida and Jha, 2010; Tester and Davenport, 2003). Some 

tactics of salt avoidance in halophytes including: 

1. Exclusion: passive and active rejection of ions (The most 

common way of sustaining in high salinity occurring at 

the roots) 

2. Secretion (salt gland and hair on aerial parts of plants 

responsible for the concealment of excess salt) 

3. Shedding (in some plants, removing of old leaves that 

excess salts have accumulated in them)  

4. Succulence (thick leaves of succulent plants have larger 

mesophyll cells, smaller intercellular spaces, decreased 

surface area and higher water content) 

5. Stomatal response (either guard cell uses K in place of 

sodium to obtain it's normal turgor or may uses K to limit 

Na intake, this mechanism is important in those 

halophytes that lack glands) (Roy et al., 2014; Batool et 

al., 2014; Aslam et al., 2011; Kumar Parida and Jha, 

2010; Vinocur and Altman, 2005; Volkmar et al., 1998; 

Flowers et al., 1986) 

Avoidance mechanisms chiefly are not very accountable to 

practical manipulations. Tolerance mechanism is plants 

ability to grow and develop on the saline condition through 

cellular and molecular biochemical modifications that is 

amenable to practical manipulations. Most of avoidance 

mechanisms are reliant upon some other mechanism at the 

cellular level (Vinocur and Altman, 2005). In recent decades, 

there are a numerous articles about successful development 

of salinity tolerance in plants by classical breeding, including 

Landrace assessment and screening (Roy and Sengupta, 

2014; Sadat Noori, 2005; Sadat Noori and McNeilly, 1999), 

Transgressive Segregation (Shahbaz and Ashraf, 2013; Sadat 

Noori and Harati, 2005), Triple Test Cross (Sadat Noori and 

Sokhansanj, 2004) and even artificial neural network (Sadat 

Noori et al., 2011a), although these methods are full of 

difficulties. As the first step for screening program for 

salinity tolerance or any kind of desirable traits it is important 

to investigate the heritability of the good traits (Izadi 

Darbandi et al., 2013). Plant breeders need to deploy the new 

techniques such as Laser and biotechnological tools. Up to 

now there are several reports about improving salt tolerance 

in the plant by Laser (Sadat Noori et al., 2011b; Ashrafijou et 

al., 2010), but because of lack of enough information on its 

heritability and consequent effects, biotechnological tools for 

search in crucial problems of crop improvement for 

sustainable agriculture are more popular. Genetic engineering 

for developing tolerant plants provides a faster way to 

improving the crops (Hossain et al., 2007). Genetic 

engineering as a solution to abiotic stress tolerance is based 

on introgression and expression of genes involving in 

signaling and controlling pathways or genes encoding 

proteins producing stress tolerance or enzymes related to 

pathways resulting in the functional and structural metabolite 

synthesis (Roy et al., 2014; Vinocur and Altman, 2005). In 

the way of introduction of Salinity tolerance by genetic 

engineering, candidate genes are encoding; (1) antioxidants 

and detoxifying enzymes, (2) ion transport, (3) compatible 

solutes, (4) transcription factors and (5) late embryogenesis 

abundant proteins (Roy and Sengupta, 2014; Roy et al., 2014; 

Shang et al., 2012; Jenks et al., 2007). Because salinity 

mechanisms doesn't have 100% efficiency, hence plant 

breeders to improve salinity tolerance of plants should deal 

with that by using several mechanisms instead of using just 

one (Batool et al., 2014; Yamaguchi and Blumwald, 2005; 

Chinnusamy et al., 2005; Murkute et al., 2005).  
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Molecular mechanisms of salinity tolerance 
 

There are myriad of Kinases, phosphatases and transcription 

factors in plant that are related to salinity responses and/or 

tolerance including: Heat shock factor (HSF), C-repeat-

binding factor/dehydration-responsive element binding 

protein (CBF/DREB), ABA-responsive element binding 

factor/ABA-responsive element (ABF/ABRE) families), 

Osmosensors (like AtHK1), Phospholipid-cleaving enzymes 

(like PLD), Second messengers (like Ca2+, PtdOH, ROS), 

Metabolic phosphatases (like HAL2), Ca-dependent protein 

kinases (CDPKs), Serine/threonine protein kinase (like 

SOS2), Mitogen-activated protein kinase (like MAPK) 

cascades, Two component histidine kinases, Ca/calmodulin-

activated serin/threonine-specefic protein phosphatases 

(Vinocur and Altman, 2005; Halfter et al., 2000; Kovtun et 

al., 2000; Gilmascarell et al., 1999; Urao et al., 1999; Kudla 

et al., 1999; Pardo et al., 1998). Although in plant resistance 

to biotic stresses rather than simply controlled, but Salinity 

tolerance as one of the abiotic resistance is controlled by the 

interaction of several genes (few major genes along with 

several minor genes) (Batool et al., 2014; Ashraf, 2009; 

Mahajan et al., 2008; Sadat Noori et al., 2006; Ashraf and 

Harris, 2004). Since salinity tolerance is polygenic, so it 

includes a myriad of physiological and biochemical processes 

interacting with one another to resist to salt at molecular, 

cellular or whole plant levels (Ismail et al., 2014; Shahbaz 

and Ashraf, 2013; Vinocur and Altman, 2005; Mishra et al., 

1998; Volkmar et al., 1998). Salt tolerance mechanism is 

even getting more intricate in when a tolerance varies at 

different stages of plant life (Shahbaz and Ashraf, 2013; Izadi 

Darbandi and Bahmani, 2011; Sadat Noori et al., 2008; Sadat 

Noori and Sokhansanj, 2008; Sadat Noori and McNeilly, 

2000). Activation of molecular networks cascades related to 

stress perception, transduction of signal (started from the 

roots and resulted in cellular and whole plant levels) and the 

specific gene expression and metabolites, are determining 

factors of Plant adaptation to environmental stresses (Ismail 

et al., 2014; Ashraf, 2009; Vinocur and Altman, 2005). To 

sustain against the harmful effects of salinity stress, plants 

have evolved several biochemical, morphological and 

molecular mechanisms with their signal transduction. Other 

important things about salt tolerance are the ability of plant 

in: 1- Right time of signal transduction (as it is reported 

activation of stress signals are temporarily) and 2- 

Organization of the several arose stress signal transduction 

that mostly are mixed with each other (Ismail et al., 2014). So 

salinity tolerance is not a simple mechanism. In crops for 

succeed in breeding and genetic engineering to salinity 

tolerance introduction, complete understanding of the 

molecular basis of tolerance mechanisms is necessary. The 

most important salinity tolerance mechanism including 

antioxidative defense system, ion homeostasis, accumulation 

of compatible solutes and transcription factors (Roy and 

Sengupta, 2014; Roy et al., 2014; Shang et al., 2012; Jenks et 

al., 2007) have been explained below.   

 

I. Antioxidative defense system 

 

The reactive oxygen species (ROS) including superoxide 

(O2−), hydrogen peroxide (H2O2), hydroxyl radical (•OH), 

and singlet oxygen (1O2) are free radicals that are atoms or 

groups of atoms with at least one unpaired electron tending to 

pair up to give rise stable two electron bonds. ROS are very 

reactive and interact with cellular molecules and metabolites 

resulting in several destructive processes and cellular damage 

(Eltelib et al., 2012; Ashraf, 2009; Turkan and Demiral, 

2009; Mahajan et al., 2008). Anyway, ROS also play an 

important role in some important physiological process, for 

example cell signaling, gene regulation, senescence, 

programmed cell death and pathogen defense (Eltelib et al., 

2012; Ashraf, 2009; Mahajan et al., 2008; Foyer and Noctor, 

2005; Apel and Hirt, 2004; Ashraf and Harris, 2004; Zhu, 

2002; Mittler, 2002; Polle, 2001; Hernandez et al., 2001). 

ROS can be produced even during normal aerobic 

metabolism in mitochondria and chloroplasts from the 

electron transport chains electrons are escaped and react with 

O2 while there are no any other acceptors. At the time of 

salinity stress and consequently osmotic stress, CO2 

availability for photosynthetic carbon assimilation because of 

stomatal closure, is limited. This even leads to over reduction 

of electron in the photosynthetic transport chain, so causing 

the production of ROS, in that respect causing high 

accumulation of superoxide in chloroplast and finally 

photoinhibition and photooxidation damage. Other stresses, 

although like pathogens, salinity, water logging, temperature 

extremes, high light intensity, herbicide treatment or mineral 

nutrient deficiency can lead to ROS production. In a normal 

development situation for a plant, the ROS production is as 

low as 240µMS-1 superoxide in cell and 0.5µM H2O2 in the 

chloroplast, while in salinity situation, the level of ROS 

production would be up to 720µMS-1 and H2O2 level up to 

15µM. During the evolution, plant has created an antioxidant 

defense system enzymatic (SOD, APX, GPX, GR, CAT 

and…) and non-enzymatic (ascorbic acid, glutathione, some 

osmolytes, SOS1 in SOS pathway, carotenoids, flavonoids, 

glutathione, flavones, tocopherols, anthocyanins, and...) 

(Eltelib et al., 2012; Aslam et al., 2011; Ashraf, 2009; 

Hossain et al., 2007; Katiyar et al., 2006; Chen and Murata, 

2000; Noctor and Foyer, 1998; Bohnert and Jensen, 1996; 

Liu and Zhu, 1992). Plants can get rid of superoxide with 

superoxide dismutase (SOD) help, which catalyzes the 

superoxide into hydrogen peroxide (H2O2) and oxygen, and 

also SOD is important in hindering the reduction of metal 

ions and hydroxyl radical synthesis (Turkan and Demiral, 

2009; Parida and Das, 2005). On the other hand, Absesic 

Acid (ABA) is able to induce enhanced production of H2O2, 

which also act as a second messenger to adjust antioxidant 

defense genes in abiotic stresses (Roy and Sengupta, 2014; 

Guan et al., 2000; Pei et al., 2000). This H2O2 damaging to 

proteins and DNA and causing lipid peroxidation, is 

eliminated by peroxidase and catalase (Hossain et al., 2007). 

Catalase (CAT) is catalyzing the reduction of H2O2 to water 

in chloroplasts. Peroxidases are divided into two types: 

a) The Ascorbate peroxidase (APX) one of the most 

important peroxidase located in the chloroplast, cytosol, 

mitochondria, apoplast and peroxisomes: Ascorbate by 

APX is catalyzing the reduction of H2O2 to water (Turkan 

and Demiral, 2009; Noctor and Foyer, 1998). Then this 

ascorbate would transform to MDHA (Mono Dehydro 

Ascorbate), the produced MDHA can retransform into the 

Ascorbate through: 

a-1- MDHA would transform to Ascorbate by Mono 

Dehydro Ascorbate Reductase (MDAR) by the help of 

NADPH (Nicotinamide Adenine Dinucleotide Phosphate) 

a-2- When Dehydro ascorbate reductase (DHAR) reduced 

glutathione (GSH) to transform to GSSG, also MDHA by 

DHAR would transform to Ascorbate. Glutathione 

reductase (GR) is maintaining the GSH (reduced 

glutathione)/GSSG (oxidized glutathione) ratio favorable 

to dehydro ascorbate reduction. 
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b) The Glutathione Peroxdase (GPX) in peroxisomes: GSH 

through APX is catalyzing the reduction of H2O2 to water 

(Eltelib et al., 2012; Rai et al., 2011; Ashraf, 2009; 

Turkan and Demiral, 2009; Foyer and Noctor, 2005) 

(figure 1).  

Recently an article was published reporting when reactive 

oxygen species like H2O2 is damaging metabolic processes, 

external application of ascorbic acid can decrease these 

damages through synergistic functions with other 

antioxidants, and membranes stabilizing (Mohsen et al., 

2014).  Sensors of ROS could include redox sensitive 

receptors-like kinases and two component histidine kinases 

activating a mitogen activated protein kinase (MAPK 

includes ATMPK3, ATMPK4 and ATMPK6) module. 

Salinity stress initiates activation and intensify the gene 

expression of a MAPK signaling cascade, some components 

of them are shared for both salt and ROS (Chinnusamy and 

Zhu, 2003). In Arabidopsis Salinity stress with ROS 

signaling could transduce via ANP1 (a MAPKKK), AtMPK3, 

and AtMPK6 along with its positive regulator Nucleoside 

Diphosphate Kinase 2 (AtNDPK2) (Ashraf and Harris, 2013; 

Kovtun et al., 2000; Moon et al., 2003). Promoters of genes 

encoding ROS detoxifying enzymes include antioxidant 

responsive elements (ARE), ABA responsive elements 

(ABRE), heat shock elements (HSE), and redox-regulated 

transcription factors: nuclear factor kappa-B (NFkB) and the 

activator protein-1 (AP-1) recognition cis-elements (Vranova 

et al., 2002). In levels of expression and activity of 

antioxidative enzymes their differences that sometimes 

connected to more tolerant plant (Roy and Sengupta, 2014; 

Munns and Tester, 2008; Mittova et al., 2002). The 

expression of the tobacco mitogen-activated protein kinase 

kinase kinase/ Nicotinia protein kinase 1 (MAPKKK/NPK1) 

in maize activates an oxidative signal cascade and resulted in 

salinity tolerance in the transgenic plants (Vinocur and 

Altman, 2005). 

Transgenic overexpression of NPK1 in tobacco (Kovtun et 

al., 2000), NDPK2 in Arabidopsis (Moon et al., 2003), 

OsMAPK5 in rice (Xiong and Yang, 2003), increased 

tolerance to several abiotic stresses including salt stress by 

enhancing ROS detoxification is possible. Some genes from 

different origin have identified that are helping to cause 

antioxidative defense and utilized in many plants as cause of 

tolerance, including: Mn-SOD, DHARI, Gly I and Gly II, Chl-

APX5, TPX2, KatE, GST, GPX and … (Ashraf, 2009). 

 

II. Ion-homeostasis 

 

Salinity interrupts homeostasis ion distribution and water 

potential at cellular and whole plant levels (Tunuturk et al., 

2011; Zhu, 2001). When K substitute by Na in biochemical 

reactions then Ion cytotoxicity is happening and when Na and 

Cl ions interfere with noncovalent interactions between their 

amino acid, then proteins don't function, thus in salinity 

condition poisonous levels of sodium and also inadequate 

amount of K for enzymatic reactions and osmotic adjustment 

is happened (Munns et al., 2006; Ashraf and McNeilly, 2004; 

Zhu, 2002). Potassium is necessary in high concentrations, 

and functions in the cell through direct interacting in enzyme 

activation, stabilization of protein synthesis, and 

neutralization of negative charges on proteins (Pandolfi et al., 

2012; Marschner, 1995; Perrenoud, 1990) also the positive 

correlation between potassium content and final yield in 

different crops was reported (Rameeh, 2013; Bandeh Hagh et 

al., 2008; Ashraf and McNeilly, 2004). When potassium 

shortage is happened, acidification and sodium transport are 

increased (Batlle and Kurtzman, 1985; Kurtzman, 1990).  

Despite of potassium, sodium is necessary in very low 

concentrations for some plant species and is deadly in high 

concentrations (Marschner, 1995). Chlorine (Cl) is necessary 

micronutrient for higher plants. Chloride as an active solute 

in vacuole is included in the adjustment of turgor and 

osmosis. 

 
 

Fig 1. Antioxidative defense system. A: Catalase (CAT) is 

catalyzing the reduction of H2O2 to water. B: GSH through 

APX is catalyzing the reduction of H2O2 to water. C: 

Ascorbate by APX is catalyzing the reduction of H2O2 to 

water then this ascorbate would transform to MDHA (Mono 

Dehydro Ascorbate), the produced MDHA can retransform 

into the Ascorbate through C-1: Mono Dehydro Ascorbate 

Reductase (MDAR) by the help of NADPH (Nicotinamide 

Adenine Dinucleotide Phosphate), C-2: When Dehydro 

ascorbate reductase (DHAR) reduced glutathione (GSH) to 

transform to GSSG. 

 

 
Fig 2. Ion homeostasis mechanism. In this figure, SOS 

pathway, H+ATPase and H+PPiase and Absesic acid signaling 

pathway were shown. 

 

Chloride in the cytoplasm can control the activities of key 

enzymes. Furthermore, Cl flow is included in the stabilization 

of membrane potential, regulation of intracellular pH 

gradients and electrical excitability (White and Broadley, 

2001). Always cytoplasmic concentration of potassium is 

relatively high; meanwhile concentration of Na is relatively 

low, indicating K selective uptake and maybe Na preferential 

rejection. In animal cells, the low cytoplasmic Na 

concentration is kept by Na:K ATPases, and the inward 

gradient for Na is in favor of uptake of many solutes. Low Na 

concentrations in plant cells are kept by the proton gradient 

generated by proton pumps located in the plasma membrane 
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(Schachtman and Liu, 1999). Dicotyledon plants, because of 

their ability to accumulate most of the Na in their vacuole and 

also comparatively little need to K for cytosolic metabolism, 

have higher shoot Na and Na/K ratio, versus monocotyledon 

plants have less Na storage capacity and need more K and 

compatible osmotic for their cytosolic metabolism (Flower 

and Yeo, 1988; Glenn et al., 1999). In plants, there are some 

highly K-selective channels, but there is no highly Na-

selective channels (Hille, 1992). Potassium can be uptake 

through 1-Potassium-selective uptake channels (like AKT), 

2-K high-affinity transporters (HKT and HAK), 3-Non-

selective cation channels (NSCC that are permeable to 

monovalent cations) in root cells (current in one direction 

into the cytoplasm) and 4-Low-affinity cation transporter 

(LCT1) (Roy et al., 2014; Essah et al., 2003; Hirsch et al., 

1998). 

Initial motion of Na from the soil solution into the root 

cortical cytoplasm is passive (Cheeseman, 1982). Na ion can 

entry into the cell through three pathways listed below:  

a) HKT: external side of the cells for uptake Na competes 

with K. As we know K and Na ions in ionic radius and 

ion hydration energies are similar (Hille, 1992), and in 

salinity condition high affinity K transporters (HKT) 

act as usually high affinity Na transporters (Plett and 

Moller, 2010: Pilot et al., 2003; Zhu, 2003; Schachtman 

and Liu, 1999). It was reported Antisense expression of 

wheat HKT1 in transgenic wheat causes significantly 

less Na uptake and enhances growth under salinity 

(Laurie et al., 2002).  

b) Apoplast pathway: Another way for Na entry is leakage 

into the root through apoplast. Sodium entry into root 

cell cytosol through cation channels (AKT1, NORC 

and NSCC) either selective or nonselective. Na can 

entry into the root xylem stream via an apoplastic 

pathway (Plett and Moller, 2010; Yamaguchi and 

Blumwald, 2005; Chinnusamy et al., 2005; Rus et al., 

2001; Maser et al., 2002). Halophytes have several 

anatomical adaptations to reduce salt apoplastic entry. 

The width of casparian band is broader in halophytes 

than in non-halophytes and the interior layer of cortical 

cells can differentiate into a second endodermis (Tester 

and Davenport, 2003). It is reported in cotton 

implementation of salinity treat to seedlings accelerate 

the casparian strip formation and induce exodermis 

formation (Tester and Davenport, 2003).   

c) LCT1: There is a non-selective and low affinity cation 

transporter (LCT1) to uptake monovalent cations like 

Rubidium, Potassium, Sodium and divalent cations like 

Calcium and Cadmium ions, allow Na to entry into the 

cell (Plett and Moller, 2010; Schachtman and Liu, 

1999). 

Chloride, through symplastic pathway, Cl fluxes across the 

plasma membrane and tonoplast of root cells, gets into plants 

adjusted by root Cl content. In plant Chloride is moveable. 

The transmembrane voltages and Cl activity assessments in 

cells imply that: 

a)  In saline situation Cl enters into the plants by passive 

Cl influx while in not very saline situation active Cl 

transport through the plasma membrane (Cl channel 

family and Cation Cl Cotransporter (CCC) family) is in 

work.  

b) Active and passive transports of Cl happen at the 

tonoplast. Influx or efflux of Cl from side to side of the 

plasma membrane is mediated by electrogenic Cl/2H 

symporter in plasma membrane of root-hair cells and Cl 

channels. In a similar manner, fluxes of Cl in every 

direction across the tonoplast are provided by Cl 

channels and influx of Cl to the vacuole is provided by 

Cl/nH antiport (Ebrahimi and Bhatla, 2012; Brumos et 

al., 2009; White and Broadley, 2001).  

One of the other ion that may have detrimental effects on 

plant is Lithium, so that, it is necessary to introduce the 

family of sodium/proton (Na+/H+) antiporters. In Arabidopsis, 

about 44 genes encoding H-attached transporters have 

recognized (Rani et al., 2012). These transporters are divided 

into three groups:  

a. CPA1 (NHX, eight members) 

b. NhaD (two members) 

c. CPA2 (including CHX, twenty eight members; KEA, six 

members) 

The eight members of CPA1 family (AtNHX1-8), six are 

vacuolar/endosomal Na+/H+ antiporters AtNHX1-6, and two 

are plasma membrane Na+/H+ antiporters (AtNHX7-8 

(AtNHX7 is SOS1)). 

NHX homologues have recognized in diverse plants and the 

importance of them has emphasized with salt tolerant 

transgenic plant production overexpressing NHX genes (Roy 

et al., 2014; Apse and Blumwald, 2007). AtNHX1, AtNHX2, 

AtNHX5, AtNHX6 and AtNHX7/SOS1 have described as 

functional Na+/H+ antiporters. Low potassium tolerance in 

Arabidopsis is provided by AtNHX3 encoding a K+/H+ 

antiporter. An important agent in Arabidopsis responses to 

salt stress is AtNHX4 that would be expressed after sensing 

of salt stress or/and abscisic acid. AtNHX4 transports Na+ 

from vacuolar to cytosol, so AtNHX4 expression makes cell 

sensitive to salinity. AtNHX8 is described as a plasma 

membrane Li+/H+ antiporter (Brett et al., 2005; Rani et al., 

2012). Lithium (Li+) with its specific carriers is another 

influential toxic ion for plant metabolism. AtNHX8 encodes 

plasma membrane Li+/H+ antiporter that work in the way of 

Li+ detoxification and keeping of ion homeostasis in 

Arabidopsis (An et al., 2007). Anyway, after these Na is the 

most detrimental ion. A high K/Na ratio in the cytosol is 

needed for normal cell functions, so that it is very more 

important than simply keeping low Na concentration (Yue et 

al., 2012; Pandolfi et al., 2012; Amtmann and sanders, 1999; 

Gorham et al., 1990). In saline situation, after entering Na 

into the cell, the level of toxicity of Na is greatly a result of 

its ability to compete with K to bind to essential sites for 

cellular function. It is worth to say, More than 50 enzymes 

are activated by K, and Na cannot do that (exception of high 

ability of Na to binding rather than K), so various enzymatic 

processes can disrupt. In addition, protein synthesis demands 

high K concentration, K is necessary for the binding of tRNA 

to ribosome function, so at the present of Na the protein 

synthesis disruption would be happening (Tester and 

Davenport, 2003). From the aspect of the salinity tolerance, 

the existing genetic diversity in plants is usually connected to 

keep a high concentration of necessary ions like K+ and keep 

the concentration of toxic ions like Na+ below a threshold 

level of toxic ions in cytosol. Plants can do this by adjusting 

the expression and activation of K+ and Na+ transporters and 

of H+ pumps generating the driving force to transport. In 

addition to these mechanisms, Na secretion is a strategy used 

by some halophytic plants (Rai et al., 2011; Mahajan et al., 

2008; Zhu, 2003; Yamaguchi and Blumwald, 2005; 

Amtmann and Sanders, 1999). In woody perennial plants, 

such as citrus and grape, genetic diversity for salt tolerance is 

connected to capacity to exclude Cl ions and keep Na in 

woody stem and roots (Murkute et al., 2005; Tester and 

Davenport, 2003; Munns, 1993; Storey and Walker, 1999). 

 

II.I. SOS pathway 
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Detrimental effects of Na are connected with the Na 

accumulation in leaf tissues leaded to older leaf necrosis, 

beginning from top and borders and coming back to 

throughout of the leaf. Necessary time to appear Na damages 

is related to the rate of Na accumulation in leaves, and on the 

effectiveness of Na compartmentation in cells and leaf tissues 

(Ji et al., 2013; Munns, 2002; Tester and Davenport, 2003). 

So let's be more specific about Na. Existing of stress outside 

of the cells is firstly sensed the membrane receptors that 

signaling cascade within a cell and generation of secondary 

signal molecules. Reduction in calcium content because of 

salinity in intercellular space is less than a reduction in the 

cell cytoplasm. Sodium restrains the radial movement of 

calcium in symplastic pathway more than in the apoplastic 

pathway. The cell wall has a significant role in supplying 

calcium for the apoplastic pathway. Calcium reallocation 

from cell wall to intercellular space is due to its tendency 

towards xylem through the apoplastic pathway. This is a 

tactic to increase calcium loading to xylem and to decrease 

calcium shortage in young leaves in saline condition 

(Ebrahimi and Bhatla, 2012). Salinity stress commences 

calcium signaling network. The Ca2+ release can be firstly 

from sources out of cells (apoplastic space) by EGTA or 

BAPTA blocked calcineurin-mediated activity (a calcium-

binding protein phosphatase- 2B protein in yeast and animal 

cells). BAPTA (1, 2 - Bis (o-Amino Phenoxy) ethane-

N,N,N',N'-Tetraacetic Acid) is a calcium-specific 

aminopolycarboxylic acid and EGTA (ethylene glycol 

tetraacetic acid) is an aminopolycarboxylic acid. EGTA and 

BAPTA both is a kind of chelating agent. Also Ca2+ release 

may results from activation of PLC (phospholipase C), 

leading to PIP2 hydrolysis (Phosphat Idylinositol 4, 5-bis 

Phosphate or PtdIns(4,5)P2, also known simply as PIP2) to 

IP3 and subsequently Ca2+ release from intracellular Ca2+ 

supplies (Mahajan et al., 2008). Non-Selective Cation 

Channels (NSCC) that entries Na+, are sensitive to calcium 

and entries Ca into the cell, and this means the inhibition of 

Na+ entry into roots by calcium, so the Ca concentration in 

cytosol would be temporarily increased (Turkan and Demiral, 

2009; Zhu, 2003 and 2001; Kopittke and Menzies, 2004; 

Sanders et al., 1999). Calcium controls ion transport and 

selectivity (Tuteja and Mahajan, 2007; Mahajan and Tuteja, 

2005; Cramer, 2002). Calcium sensor, calcineurin B-like 

proteins (CBLs), and their interacting partners CBL-

interacting protein kinases (CIPKs) play a significant role in 

plants in response to increased calcium and stress signaling. 

CIPK initiates a phosphorylation cascade, that serially 

regulate down-stream process (Tuteja and Mahajan, 2007; 

Luan et al., 2002; Batistic and Kudla, 2004; Mahajan et al., 

2006). As a consequence of salt stress and an increase in 

intracellular Ca2+ levels through the mentioned mechanisms, 

this increase in Ca2+ is perceived by calcium-binding protein 

SOS3 in SOS pathway (Shang et al., 2012). One of the most 

significant main reactions to salinity is controlling pathway 

of Salt Overly Sensitive (SOS) that are hypersensitive to 

NaCl and functions in the way of Na+ transport. The most 

significant part of SOS pathway is SOS1 gene encoding 

Na+/H+ transporter in the plasma membrane. In addition to its 

role as a Na transporter, SOS1 has a large cytosolic domain 

including Na sensor. The expression of SOS1 is ubiquitous, 

but very effective in epidermal cells surrounding the root-tip 

and parenchyma cells bordering the xylem (Plett and Moller, 

2010; Tester and Davenport, 2003; Shi et al., 2002). The 

SOS1 gene was firstly identified as a genetic locus necessary 

for salt tolerance in Arabidopsis (Wu et al., 1996) and more 

studies describe its details (Shi et al., 2000).  The SOS1 

transcript level is highly up regulated in reaction to NaCl 

stress through SOS3 / SOS2 pathway, but is not up regulated 

by ABA (abscisic acid) or cold stress. It is worth to say that, 

SOS1 mRNA was more plentiful in roots than in shoots. The 

up regulation of SOS1 is facilitated by SOS3/SOS2 pathway 

(Ji et al., 2013; Mahajan et al., 2008). SOS2 also interacts 

with ABI2. ABI2 may dephosphorylate the proteins that are 

phosphorylated by SOS2 to return back to previous 

homeostasis after saline condition (Mahajan et al., 2008). 

After binding with Ca2+, SOS3 alters its structure in calcium 

relying way, and physically interacts with serine/threonine 

protein kinase SOS2. The SOS3-SOS2 complex 

phosphorylates and activates SOS1 to stimulate the Na+/H+ 

antiporter (NHX-type transporters from CPA1) activity in the 

plasma membrane (Ji et al., 2013; Tian et al., 2011; Mahajan 

et al., 2008; Qui et al., 2002; Guo et al., 2004). Also SOS2 

activates the Na+/H+ antiporter activity on the vacuolar 

membrane directly and indirectly (Tian et al., 2011; Zhu, 

2003). In normal situation, NHX-type transporters mediate 

H-coupled K+ transport, cooperate in ion homeostasis and 

cell expansion (Venema et al., 2003). SOS1 also has a role in 

detoxification of ROS since it interacts with RCD1 (an 

important transcriptional controller of oxidative stress 

responsive genes) under saline and oxidative stress (Katiyar 

et al., 2006). Extracellular Mg2+ as a similar element to Ca2+, 

has a negative effect on the Na influx that strengthen the 

hypothesis of Ca2+ on salinity tolerance (Tester and 

Davenport, 2003; Davenport and Tester, 2000; Schachtman 

and Liu, 1999; Volkmar et al., 1998), As a fine point you 

may know why some farmers are adding calcareous materials 

to their saline land (Mohamed et al., 2007). Recently, SOS4 

and SOS5 have also been characterized. SOS4 is encoding a 

pyridoxal (PL) kinase involving in the biosynthesis of 

pyridoxal-5-phosphate (PLP) and an active form of vitamin 

B6. SOS1 contains a putative pyridoxal-5-phosphate binding 

motif in the C-terminal cytoplasmic tail (Zhu, 2002) so SOS4 

may has a positive effect on SOS1. SOS5 has shown to be a 

presumed cell surface adhesion protein required to maintain 

normal cell expansion. Under salt stress, the normal growth 

and expansion of a plant cell becomes even more important, 

and SOS5 helps in keeping of cell wall wholeness and 

formation (Mahajan et al., 2008). 

It is mentioned that Na+/H+ antiporters in plasma and 

vacuolar membrane are activated by the SOS pathway and 

process of Na compartmentation would be occurred. Also, it 

should be mentioned that Na leaking back out of the vacuole 

is another occurrence. In parallel with the Na pumping into 

vacuole, Na may leaks back into the cytoplasm through ion 

channels. These Non Selective Cation Channels such as SV 

and FV channels are especially plentiful in the vacuole 

membrane of plant cells that are highly permeable to Na as 

well as other cations. Depending on the ability of cells to Na 

sequester and also Na leaking back, the last process could 

readily cause problems for plant cells. Anyway the activity of 

mentioned channels in term of permeability to cytotoxic 

cation is low (Demidehik et al., 2002 and 2002). After the 

first recognition of the tonoplast Na+/H+ antiporter in barley 

root tips (Ratner and Jacoby, 1976), many Na+/H+ antiporter 

genes have been identified in plants, such as Arabidopsis 

thaliana, Oryza sativa, Atriplex gmelini, Beta vulgaris, 

Gossypium hirsutum and... . In spite of SOS1, the tonoplast 

Na+/H+ antiporter NHX1 gene is induced by both salinity and 

the ABA. The AtNHX1 promoter contains putative ABA 

responsive elements (ABRE) (Shi and Zhu, 2002). The 

overexpression of Na+/H+ antiporter genes could increase 

tolerance under saline conditions in transgenic Arabidopsis, 

tomato, Brassica, rice and wheat. These works demonstrated 

that Na+/H+ antiporter genes were crucial to plant salt-
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tolerance, and they could be used in crop improvement by 

genetic transformation technique (Pandolfi et al., 2012; 

Dorani Uliaie et al., 2012; Tian et al., 2011). Na+ 

compartmentation into the vacuole is a frugal way of 

inhibiting Na+ toxicity in the cytosol, furthermore, that Na+ 

could be used as an osmolyte in the vacuole to help to gain 

osmotic homeostasis. Many of the salt tolerant plants 

(halophytes) lean on this tactic (Pandolfi et al., 2012; 

Yamaguchi and Blumwald, 2005; Flowers et al., 1977). This 

tactic has been emphasized by some experiments in which 

over expressing of the vacuolar antiporter (NHX1) and SOS 

genes have increased the salinity tolerance (Shang et al., 

2012; Leidi et al., 2010) and there are some reports 

supporting this; Arabidopsis (Shi et al., 2003; Apse et al., 

1999), Tomato (Zhang and Blumwald, 2001), Brassica napus 

(Zhang et al., 2001) and rice (Fukuda et al., 2004).  It should 

be mentioned that SOS2 has some other functions like: 1. The 

Ca2+ content in the cytoplasm is naturally very low and is 

controlled by membrane-bound transporters. Intracellular 

level of calcium must be kept as low as 0.1–0.6 μM within 

the cytosol to preventing phosphate precipitation. SOS2 

activates the Ca2+/H+ antiporters (CAX1) in vacuolar 

membrane transporting Calcium into the vacuole (for 

preventing of over accumulation of Calcium and also use in 

osmotic homeostasis), 2. Activates H+ATPase and H+PPiase 

in the vacuolar membrane (generation of driving force for 

transport) and 3. In Arabidopsis, AtCBL10, a calcium sensor, 

directly interact with SOS2 complex and work in salt 

extrusion at the plasma membrane level and also its 

sequestration into vacuole at tonoplast level (Ebrahimi and 

Bhatla, 2012; Kim et al., 2007; Quan  et al., 2007; Cheng et 

al., 2004; Zhu, 2003). 

 

II.II. H+ATPase and H+PPiase 

 

Because of the acidification caused by V-type H-ATPase and 

H-PPase (generation of driving force for Na transport by 

Na+/H+ antiporters), Na sequestration into the vacuole also 

leans on expression and activity of these two pumps 

(Chinnusamy et al., 2005; Gluck and Al-Awqati, 1984; 

Doucet and Marcy, 1987; Garg and Narang, 1988). H+ 

transporting by H+ATPase in the plasma membrane and 

vacuolar membrane, and H+PPiase (or pyrophosphatase 

protein) in the vacuolar membrane generates gradients of pH 

and electrical potential difference between cell and vacuole 

membranes. Plasma membrane Na+/H+ antiporter would 

provide with a necessary power to exclusion Na+ out of the 

cell or into the vacuole and subsequent reduction of Na+ in 

cytosol by intensification in proton pumping activity (Rai et 

al., 2011; Plett and Moller, 2010; Turkan and Demiral, 2009; 

Batelli et al., 2007). 

Overexpression of AVP1 gene, a vacuolar H-

pyrophosphatase in Arabidopsis increases Na sequestration 

into the vacuole and keeps higher relative water content in 

leaves and led to salinity tolerance (Gaxiola et al., 2001). By 

keeping in mind that vacuole is a store it is important for cell 

to have a large vacuole for Na sequestration (Shi et al., 2002). 

There is an electroneutral H+K+/ATPase in plasma membrane 

keeping the K+ content in cytosol. Potassium emptying in 

cytosol increases the activity of the H+K+/ATPase to keep 

potassium homeostasis, and does not have any effect on 

H+ATPase activity (Turkan and Demiral, 2009; Ashraf and 

Harris, 2004; Eiam Ong et al., 1993; Khadouri et al., 1991; 

Garg and Narang, 1990).  

As the most important proton pump, let's talk a little more 

about H+ATPase enzyme. The major role of plasma 

membrane H+ATPase by mean of proton is activation of 

symport or antiport. For example, mineral absorption from 

soil to plant and also the transport of organic compounds can 

happen against concentration gradients with the power 

supplied by the electrochemical gradient generated across the 

plasma membrane. It should be said that many sugar/proton 

and amino-acid/proton symports have been identified (Plett 

and Moller, 2010; Chinnusamy et al., 2005; Morsomme and 

Boutry, 2000). 

H+ATPase has some other important functions in plant, 

including: 1-The opening and closing of stomata (provide the 

electrochemical potential necessary for ion movement), 2-

Maintaining of the internal pH at 7.5 (Acidification of the 

cytosol activate the H+ATPase and increase the proton 

extrusion) and 3- begins cellular expansion (Acidification of 

the external medium by plasma membrane H+ATPase begins 

cellular expansion with the mechanism of "acid growth 

theory" that is referred to auxin) (Morsomme and Boutry, 

2000).  With considering of its multiple physiological roles 

and high ATP consumption by plasma membrane 

H+ATPases, these enzymes are tightly controlled at 

transcription, translation and enzymatic levels. A multigene 

family is encoding the plant plasma membrane H+ATPase. 

Ten genes have been identified in A. thaliana, seven genes in 

tomato, five genes so far in Vicia faba, two genes in Oryza 

sativa and Zea mays and one gene in Phaseolus vulgaris. 

Some cells need more H+ATPase, so in this way, the 

presence of H+ATPase in particular plant tissues or in cell 

types such as the root cap, root hairs and epidermis, guard 

cells and the transfer and stellar cells is more. It was shown 

that H+ATPase gene expression in specific tissues was 

enhanced by salt stress, low hydritation potential, darkness, 

hormones such as auxin and metabolizable sugars 

(Morsomme and Boutry, 2000). So plant has these 

mechanisms that maximize or minimize salinity tolerance.  

 

II.III. Absesic acid signaling pathway 

 

Abscisic acid (ABA) has a main contribution in controlled 

physiological responses to salinity. Because of its quick 

accumulation in response to stresses and its role in inducing 

of many stress responses leading to plant survival, ABA is a 

stress hormone (Zhang et al., 2006). Plant cells sense hyper 

osmosis pressure of salt stress. After that cell volume 

decreases and this results in plasma membrane withdrawal 

from cell wall that would be sensed by stretch activated 

channels and transmembrane protein kinases, like two 

component histidine kinases and wall-associated kinases. 

These occurrences increase the biosynthesis of plant stress 

hormone Abscisic acid (Zhang et al., 2006; Jia et al., 2002; 

Xiong and Zhu, 2003; Kreps et al., 2002; Seki et al., 2001; 

Urao et al., 1999). In dried soil the origin of ABA in plant is 

firstly from roots and if drying process be extended ABA can 

also come from older leaves that relatively wilt sooner than 

younger leaves (Zhang and Davies, 1989). ABA in plant has 

an important contribution in controlling of water condition 

through guard cells, and also by initiation of genes encoding 

enzymes and proteins included in cellular dehydration 

tolerance. In all of the ABA-responsive genes, their promoter 

domain has an ABA-responsive element ABRE 

(PyACGTGGC where Py shows a pyrimidine base, C or T). 

When ABRE would be bounded with its corresponding bzip 

family of transcription factors, it can result in ABA-induced 

gene expression. As an example, in Arabidopsis the 

dehydration-responsive rd29B gene mediated by ABA has 

two necessary ABREs for its expression. Two bzip 

transcription factors, AREB1 and AREB2, are included in the 

ABA-mediated expression of rd29B via phosphorylation by 
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an ABA activated protein kinase (Zhang et al., 2006). ABA 

has a role in reducing of ethylene production (ethylene as a 

growth inhibitor in stress). In the ABA redistribution in leaf 

and controlling of stomata, pH changes have an important 

role (Zhang et al., 2006; Luan, 2002; Zhu, 2002). Some of the 

ABA roles are listed below:  

a) Salinity stress causes ABA accumulation (especially 

ABI1). The AtNHX1 promoter, including ABA 

responsive elements (ABRE), so the NHX1 gene 

encoding vacuole membrane Na+/H+ antiporter, is 

induced by both salinity and the ABA. Also ABA seems 

to control SOS pathway through ABA insensitive 2 

(ABI2) protein phosphatase 2C. ABI2 interacts with 

SOS2 and negatively control ion homeostasis either by 

inhibiting SOS2 kinase activity or the activities of SOS2 

targets in Na+/H+ transporter in the plasma membrane. 

ABI2 interacts with the protein phosphatase interaction 

(PPI) motif of SOS2 (Ohta et al., 2003; Shi and Zhu, 

2002).  

b) ABA and osmotic stress through OSM1 gene in the 

vegetative parts of plants induces late-embryogenesis-

abundant (LEA) proteins leading to dehydration 

tolerance. These LEA-type proteins are encoded by RD 

(responsive to dehydration), ERD (early responsive to 

dehydration), KIN (cold inducible), COR (cold 

regulated), and RAB (responsive to ABA) genes in 

different plant species. Different plant species with 

different stress tolerance have different accumulation 

levels of these proteins. Transgenic rice plants over 

expressing of a barley LEA gene, HVA1, show better 

stress tolerance. Promoters of LEA genes contain 

dehydration responsive elements/C-Repeat (DRE/CRT), 

ABA-responsive elements (ABREs), and/or MYB/MYC 

recognition elements. The DRE/CRT elements control 

gene expression in response to dehydration (salt, drought, 

and cold stresses); while, ABRE and MYB/MYC 

elements are controlling gene expression by ABA in 

abiotic stresses (Shinozaki and Yamaguchi Shinozaki, 

2000; Mohamed et al., 2007; Xu et al., 1996). 

c) ABA also controls osmolyte biosynthesis in plants in 

salinity stress. For an example, Osmotic stress-induced 

ABA accumulation has a role in controlling of P5CS 

gene involved in proline biosynthesis (Xiong et al., 

2001).  

d) The second messengers (like Ca2+, calmodulin, IP3/DG) 

and protein kinases or phosphatase (such as pKC, 

CDPKs, MAPKs, HTK, etc.) are main signal components 

inducing different plant responses to biotic and abiotic 

stimuli. Ca2+ also plays critical contribution in water or 

salt stress-induced ABA accumulation. Salt-stress/ABA 

induces Ca2+ signals are at least partially transduced 

through calcium-dependent protein kinases (CDPKs). 

Transient expression analyses protoplasts have shown 

that an increase in cytosolic Ca2+ concentration activates 

CDPKs, which in turn induce the stress responsive HVA1 

promoter. Transgenic Overexpressing OsCDPK7 results 

in increase induction of an LEA-protein gene (RAB16A) 

and salt/drought tolerance. While, transgenic suppression 

of OsCDPK7 results in hypersensitivity to salt/drought 

stress (Xiong et al., 2002; Saijo et al., 2000).  

e) Salt stress and ABA induce enhanced production of H2O2 

acting as a second messenger to control antioxidant 

defense genes in abiotic stresses. ABA-elicited H2O2 

production is negatively controlled by ABI2 protein in 

guard cells (Zhang et al., 2006; Hernandez et al., 2001; 

Guan et al., 2000; Pei et al., 2000). 

f) H extrusion into the xylem is happened by the    addition 

of ABA to plants, that this would motivate Na+/H+ 

antiporter in the xylem parenchyma plasma membrane 

and its result is less Na entering into the xylem and aerial 

organs (Clarkson and Hanson, 1986).     

The controlling of the ABA Production should be 

perceptively and quickly, so that started with the stress to 

keep away from any plant growth and functions holding back 

under normal situation. The second previous stipulation is 

that the ABA should be quickly broken down and deactivated 

since stress is obviated, so that normal plant growth and 

functions can begin again (Zhang et al., 2006). 

Figure 2 is trying to summarily show ion homeostasis 

mechanisms.  

 

III. Accumulation of compatible solutes 

 

It is necessary for plants to keep internal water potential 

lower than soil water potential to keep turgor and water 

absorb for growth, and in this way the necessities is osmotic 

raising, either by soil solute absorb or by metabolically 

compatible solutes synthesis (or also named as 

osmoprotectants). Plants by synthesis and accumulating of 

various compatible osmolytes in cytosol, decreasing osmotic 

potential to keep water absorption from saline soil solutions 

and limit salt absorption (Shahbaz and Ashraf, 2013; 

Deivanai et al., 2011; Ashraf and Foolad, 2007; Vinocur and 

Altman, 2005; Ashraf and Harris, 2004).The osmolytes work 

to regulate vacuolar and cytoplasmic volume, which in turn is 

significant to turgor keeping of the salinity cell exposure. 

Furthermore, these substances have important roles in 

supporting of different cellular structures and necessary 

proteins preserving normal physiological activity and also in 

maintenance of protein and ribosome structures from harmful 

effects of cytoplasmic Na. Until now, any kind of substances 

produced at high levels in stress situation has been 

recognized as osmolytes, that are produced by rate restricting 

enzymes (Fu et al., 2011; Turkan and Demiral, 2009; Ashraf 

and Foolad, 2007: Tester and Davenport, 2003). 

Low molecular weight, neutral, very soluble compounds, not 

poisonous at high concentrations, and the one that just by 

itself can produce salinity toleration, are the features of 

Compatible solutes (Tester and Davenport, 2003). For 

example, transgenic wheat with the ability of the sugar 

alcohol mannitol synthesis can decrease the cytoplasm 

osmotic potential and increase the water absorption in water 

deficiency (Tester and Bacic, 2005). The main cheap solutes 

in saline soil are Na and Cl (compartmentation them into the 

vacuole), while poisonous in cytosol. Compatible solutes are 

not poisonous, but they are energetically very expensive. 

Anyway, many plants use organic osmolytes to tolerate 

osmotic stress (Chinnusamy et al., 2005; Tester and 

Davenport, 2003). A signaling cascade Mitogen Activated 

Protein Kinase (MAPK) pathway controls the biosynthesis of 

osmolyte (Zhu, 2002). Also ABA controls the biosynthesis of 

osmolyte called chaperons in plants in salinity (Xiong et al., 

2001). The present compatible osmolytes in higher plants, 

including: low molecular weight sugars (like sucrose, maltose 

and trehalose), organic acids, polyols (like mannitol, glycerol, 

sorbitol, cyclic (cyclitols) forms, ononitol and pinitol), and 

nitrogen having substances such as amino acids (like proline), 

amides, amino acids, ectoine (1,4,5,6-tetrahydro-2-methyl- 4-

carboxylpyrimidine), soluble proteins (like osmotin and LEA 

proteins) and quaternary ammonium compounds (QACs like 

glycine betaine, alaninebetaine, prolinebetaine, choline O 

sulfate, hydroxyprolinebetaine and pipecolatebetaine). 

Dehydration responsive elements (DREs) and ABA-
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responsive elements (ABREs) are contained in the promoter 

zones of these genes, that very possible are firstly responsive 

to osmotic effect and secondly Na specific effect and 

different proteins binding to these elements (Turkan and 

Demiral, 2009; Mohamed et al., 2007; Liu et al., 1998).  

In here, it is worthy to say that a recent article has reported 

that the external application of sulfur metabolites (Amino 

acids (cysteine and methionine), Vitamins (biotin and 

thiamine), Thioredoxin system, Glutathione lipoic acid and 

Glucosinolats) can enhance the salinity tolerance of plants. 

Sulfur incorporates in cellular structure and signaling 

molecules against (Khan et al., 2014). Sometimes compatible 

osmolytes have different effects in the way of salinity 

tolerance. Artificial over production of compatible osmolytes 

in transgenic plants such as Arabidopsis, rice, wheat, and 

Brassica has been demonstrated to increase stress tolerance 

measured by germination, seedling growth, survival, 

recovery, photosystem II yield, and seed production in very 

salinity and osmotic stresses and the tolerance was associated 

with compatible osmolytes osmoprotectant effect instead of 

their role in osmotic adjustment (Sadat Noori et al., 2011b; 

Ashraf and Harris, 2013; Chinnusamy et al., 2005), these 

plants can keep normal K/Na ratios and this ion homeostasis 

was due to direct controlling of ion transporters or cellular 

integrity holding by saving of membranes and proteins from 

oxidative damage (Rai et al., 2011; Ashraf and Foolad, 2007; 

Chinnusamy et al., 2005). Some genes with different 

originations have identified that has a role in producing of 

compatible solutes to cause tolerance, some of them are listed 

below:  

a)   mt1D (mannitol-1-phosphate dehydrogenase) gene 

of E. coli (Abebe et al., 2003) 

b) Stpd1 (sorbitol-6-phosphate dehydrogenase) 

gene of apple (Gao et al., 2001) 

c)   CodA (choline oxidase) gene of Arthrobacter 

globiformis (Mohanty et al., 2002); choline 

dehydrogenase (betA) gene of E. coli (Holmstrom 

et al., 2000); betaine aldehyde dehydrogenase 

(betB) gene of E. coli (Holmstrom et al., 2000); 

betaine aldehyde dehydrogenase (BADH) gene of 

Atriplex hortensis (Guo et al., 2000); peroxisomal 

BADH gene of barley (Kishitani et al., 2000) 

d) P5CS pyrroline-5-carboxylate synthetase gene of 

Vigna aconitifolia L. (Kishor et al., 1995); 

Antisense proline dehydrogenase 

e)   otsA (Trehalose-6-phosphate synthase) gene of E. 

coli; otsB (Trehalose 6-phosphate phosphatase) 

bifunctional fusion gene of E. coli (Nanjo et al., 

1999) 

Proline can be gathered in plants in larger quantities than 

other amino acids in salt stress (Fahramand et al., 2014; Sadat 

Noori et al., 2011b; Deivanai et al., 2011; Ashrafijou et al., 

2010; Ashraf and Foolad, 2007). Osmotic stress-induced 

ABA accumulation controls P5CS gene producing proline. 

Beside of its role in osmotic adjustment firstly as a 

cytoplasmic solute, Proline brings about the expression of salt 

stress responsive genes containing proline responsive 

elements (PRE, ACTCAT) in their promoters (Satoh et al., 

2002; Xiong et al., 2001). Proline is also believed to be 

considered as an osmoprotectant and as a hydroxyl radical 

scavenger. There are some reports about that Proline play a 

role in protecting enzymes from denaturation, stabilizing the 

machinery of protein synthesis, controlling the cytosolic 

acidity, increasing water binding capacity, and working as a 

carbon and nitrogen additional supply. So, these organic 

osmolytes are called as osmoprotectants (Sadat Noori et al., 

2011b; Ashrafijou et al., 2010; Ashraf and Foolad, 2007; 

Vinocur and Altman, 2005; Su and Wu, 2004; Ashraf and 

Harris, 2004; Chen and Murata, 2000; Bohnert and Jensen, 

1996). Glycinebetaine (GB) is another effective compatible 

solute and its accumulation is highly accompanied with plant 

development in saline and dry conditions. In chloroplasts and 

plastids of many halotolerant plants can find GB. One of the 

best examples in this way is cyanobacteria extremely tolerant 

to salt stress that biosynthesize and collects GB in their 

cytoplasm. Even GB outer implementation can make better 

the some species tolerance (Chen and Murata, 2008; Ashraf 

and Foolad, 2007). The structure and work of many 

macromolecules (for example, oxygen-evolving photosystem 

II protein pigment complex) could be stabilized by 

glycinebetaine (Goela et al., 2011). In very saline situations 

to stabilize of membrane, enzymes and protein complexes, 

Glycinebetaine is more effective than the other compatible 

solutes (Gorham, 2010). Activating or stabilizing ROS 

scavenging enzymes and repressing the ROS production 

could be done by GB (Chen and Murata, 2008). One of the 

most successful genetic engineering about glycinebetaine 

biosynthesis leading to the tolerant plants has obtained by 

introducing a bacterial codA gene encoding choline oxidase 

to Arabidopsis, Brassica, rice, maize, tomato and potato 

(Goela et al., 2011; Ashraf and Foolad, 2007; Vinocur and 

Altman, 2005; Li et al., 2003). Osmotin with its two forms, as 

a compatible solute is a bunch of cationic proteins (differ in 

Point of Isoelectric, in molecular weight and water 

solubility). Majorly in the vacuoles of tolerant cells to NaCl, 

Osmotin accumulates (Singh et al., 1987). Osmotin is 

grouped in PR-5 type of pathogenic related proteins of 

tobacco. Some causes, including ABA, ethylene, tobacco 

mosaic virus infection, salinity, desiccation, and wounding in 

both cultured cells, whole plants of tobacco, salicylic acid, 

fungal infection, drought, UV light, cold and auxinthe can 

control synthesis and accumulation of osmotin mRNA. 

Osmotin accumulation is connected with ABA level in the 

cell. Quickly after water potential rising in the environment, 

translation of osmotin mRNA starts. After NaCl stress 

obviating, the collected osmotin persist for 40 generations 

(Sadat Noori and Sokhansanj, 2008; Singh et al., 1989; Singh 

et al., 1987). Until now there are some articles on salt 

tolerance producing in crops like strawberry, tobacco and 

tomato by osmotin gene introducing (Husaini and Abdin, 

2008). Trehalose, a so called enigmatic disaccharide of 

glucose (a-D-glucopyranosyl a-D-glucopyranoside) can 

improve the effects of salinity stress, high/low temperature 

and oxidative stresses. Trehalose biosynthesis has been to 

able make a salt tolerance in transgenic tobacco, tomato, 

potato and rice. One of the recognized genes for trehalose 

production is TPS1 gene with the origination of yeast 

(Cortina and Culianez Macia, 2005; Garg et al., 2002).  

 

IV. Transcription factors 

 

Stresses like Salinity, drought and extreme temperature are 

causing negative effects on plants. The signal of these 

stresses (dehydration and/or frost) from out of cytosol is 

transferred to nucleus through MAPKs and Protein Kinases. 

In response to various stresses numerous of genes are 

upregulated and physiological response to stresses is due to 

the changes in these genes. MAPK is a Serine/threonine 

protein kinase that for gene expression, phosphorilating a 

range of substrates. The message of activated MAPK 

transferred into the nucleus, phosphorylate and activate 

transcription factors and ultimately regulate plant stress 

response gene (Jenks et al., 2007; Chinnusamy et al., 2005: 

Chen et al., 2002; Xiong et al., 2002; Liu et al., 1998). 
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Transcription factors are sequence specific DNA binding 

proteins activating and/or repressing the transcription process 

of related genes to stresses (Wei et al., 2000).  Some of these 

related genes are acting in many stresses while some can be 

specific to a special stress, and be activated based on tissue, 

developmental stage, and the extremity of stress (Jenks et al., 

2007; Bohnert et al., 2001). The products of these genes can 

be classified into two groups: 

a) Those including in directly acts to save cells from the 

harmful effects of environmental stresses (such as 

necessary enzymes for biosynthesis of various 

osmoprotectants, LEA proteins, chaperones, and 

detoxification enzymes) (Kasuga et al., 1999). 

b) Those including in gene expression and signal 

(transcription factors such as DREB, bZIP, MYC and 

MYB; protein kinases and enzymes in phosphoinositide 

metabolism and producer of ABA) (Shinozaki and 

Yamaguchi Shinozaki, 1997; Bray, 1997).  

The activity of a particular series of transcription factors and 

their binding to specific sequences in promoter regions of 

target genes are necessary in the way of upregulation of the 

related genes to stresses (Jenks et al., 2007; Chen et al., 2002; 

Xiong et al., 2002; Bohnert et al., 2001; Liu et al., 1998). 

There are two pathways for induction of these genes: mostly 

an ABA independent and minorly an ABA dependent 

pathway (Wei et al., 2000). Also, there is a report on the 

effects of calcium for the stress-responsive gene induction 

(Jenks et al., 2007). 

The major transcription factor families that are induced by 

the abiotic stresses are listed below: 

a) DREB1A TF includes dehydration-responsive elements 

(DRE’s) 

b) AP2/EREBP TF (Apetala 2/ethylene responsive element 

binding factor) family 

c) bZIP TF family 

d) MYB TF family 

e) bHLH TF family, such as AtMYC2 and ICE1 

f) NAC TF family, such as RD26/ANAC072, ANAC019 

and ANAC055 

g) Cys2His2 zinc-finger TF family, such as ZAT12 

h) Homeodomain TF family, such as HOS9 

i) Cys2Cys2 zinc-finger; WRKY; HB 

j) HSF functioning in stress-inducible gene expression 

(Jenks et al., 2007). 

The DREB1A transcription factor is particularly to DRE 

elements and induces the stress tolerance gene expression. 

Over expression of genes encoding these proteins can induce 

high gene expression leading to stress tolerance, but reduced 

growth is inevitable event even in the condition without 

stress, for example minimum 12 genes in Arabidopsis can be 

activated by DREB1A, consequently plant would be tolerant 

and dwarfism. Therefore, such genes should be used with 

stress inducible promoter (rd29A), till plants in normal 

condition seem normal and in stress condition shows stress 

tolerance. Sometimes these transcription factors may have 

similar functions in plants, for example a stress inducible 

DREB1A responsive gene like rd29A, and some genes 

encoding LEA protein like cor47/rd17 and erd10 genes 

encoding similar protein. LEA (embryogenesis abundant 

protein) proteins appear during embryo maturation and seeds 

desiccation, and are also induced by drought, salt, and cold 

stresses in the vegetative tissues of plants (Dure et al., 1989; 

Ingram and Bartels, 1996). 

Increasing in LEA proteins in plants is associated with 

dehydration tolerance. Over expression of LEA in transgenic 

rice has proved the tolerance to salt stress (Xu et al., 1996). 

The cor15a gene as a one that is induced by LEA encodes a 

protein aimed to the chloroplasts stromal compartment, 

enhances the freezing tolerance of Arabidopsis leaf 

protoplasts. (Villalobos et al., 2004; Seki et al., 2001; 

Shinozaki and Yamaguchi Shinozaki, 2000; Artus et al., 

1996; Yamaguchi Shinozaki and Shinozaki, 1993; Lin and 

Thomashow, 1992; Dure et al., 1989). AP2/EREBP (ethylene 

responsive element binding protein), a type of transcription 

factors, famously present in plants. In Arabidopsis, there are 

145 members of AP2/EREBP, which including 5 subfamilies 

of AP2, RAV, DREB, AL079349 and ERF. The ERF 

(Ethylene responsive factor) subfamily has 65 genes that 

mostly are including in signal conductions in both biotic and 

abiotic stresses and control downstream gene expression. 

AP2/ERF class a subfamily thereof, the dehydration response 

element binding protein /C-repeat binding factor 

(DREB/CBF) are involved in ABA independent control. 

DREB transcription factors activate DRE or C-repeat 

containing genes (genes such as DREB1A/CBF3, 

DREB1C/CBF2, rice DREB1/CBF homolog, OsDREB1A 

and Brassica DREB1/CBF homologs, BNCBF5 and 17, 

DREB2A). The bZIP family of TF is another class of TF 

involved in drought response. Within the bZIP family of TFs, 

some subfamilies were identified. One subgroup consists of 

TFs that bind to the conserved cis acting sequences known as 

ABA responsive elements (ABRE); these TFs are hence 

termed ABRE binding factors (ABFs) (genes such as 

AREB1). The MYB TF (such as AtMYB2, AtMYB60 and 

HOS10) is one member of the transcription factor family, 

AtMYB60, an R2R3-MYB guard-cell specific TF, is down 

regulated during drought stress, since knockout of AtMYB60 

leaded in a reduction of stomatal opening, and therefore 

reduced wilting in dehydration stress. ABA sensitive bZIP 

and MYC/MYB transcription factors are directly connected 

to induction of stress sensitive genes such as rd22 and rd29B. 

Another level of control of stomatal opening is stability and 

processing of mRNAs of ABA responsive genes (Yan et al., 

2008; Jenks et al., 2007; Kim et al., 2003). 

 

Conclusion 

 

The first step to solve the salinity problem is identifying and 

ranking of saline areas. After that and making sure traditional 

methods are not applicable, to overcome the salinity problem 

and continuous production of food, it is recommended plant 

breeders use the best available strategies like conventional 

breeding, marker assisted selection and genetic engineering 

to develop salinity tolerant crops. Anyway to make a better 

use of new technologies like gene engineering a complete and 

deeper understanding of molecular and cellular basis of salt 

stress tolerance mechanisms is necessary, in this way please 

study this article precisely at first.   
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