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Abstract 
Salinity stress can endanger the survival of plants. To investigate the response of canola to NaCl salinity, 12 canola cultivars treated with 0, 150 
and 300 mM NaCl were monitored in hydroponic culture system. Salinity stress reduced osmotic potential and increased osmotic adjustment by 
an enhanced Na+ of leaves. Data analysis could identify tolerant cultivars with low Na+ content and high K+/ Na+ ratio under salinity stress. The 
increment of Na+ content was 6 fold in 300 mM NaCl than of control. Intensity of Na+ accumulation in Heros, Comet and Sw hot shot were greater 
than other cultivars. The leaf sap K+ concentration remaining in a range of 0-50 mg/g dry weight. For under stress plants, K+ is transferred to leaves. 
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                                               Introduction 
Agricultural productivity is severely affected by soil salinity, and 
the damaging effects of salt accumulation in agricultural soils 
have influenced ancient and modern civilizations. The detrimental 
effects of salt on plants are a consequence of both a water deficit 
that results from the relatively high solute concentrations in the 
soil and a Na+-specific stress resulting from altered K+/ Na+ ratios 
and Na+ ion concentrations that are inimical to plants. The 
alteration of ion ratios in the plant is caused by the influx of Na+ 
through pathways that function in the acquisition of K+ 27. In 
plant cells, maintaining cytosolic K+ in an environment with a 
high Na+ concentration is a key factor in determining the ability 
to tolerate salinity 27. In the cytosol, K+ is an essential activator 
for some enzymes and Na+ rarely substitutes for this biochemical 
function 16. Na+ can compete directly for K+-binding sites on 
enzymes, suggesting that the cytosolic K+/Na+ ratio, rather than 
the absolute Na+ concentration, is critical for tolerance. Although 
the relationship between the cytosolic concentrations of Na+ 
and K+ is of fundamental importance in understanding the 
response of a plant to salinity, it is difficult to obtain direct 
measurements of the cytosolic concentrations of these two ions 
in plant cells. 
   Sodium is the predominant soluble cation in many of the soils 
of arid and semi-arid areas. However, most plants, especially 
glycophytes, are very sensitive to high Na+ concentrations. High 
concentrations of Na+ disturb intracellular ion homeostasis which 
leads to membrane dysfunction, attenuation of metabolic activity, 
and secondary effects that cause growth inhibition thereby 
leading to cell death 2. The ability of plant cells to maintain sodium 
concentrations low in the cytosol is a vital process associated 
with the ability of plants to grow under high salt regimes  4. 
  The relationship between salt exclusion and salt tolerance 
appears not always to be straightforward 14. A recent analysis of 
51 wheat cultivars for example, reported no apparent correlation 
between leaf Na+ content and salt tolerance 18. Thus, excluding 

Na+ alone is not always sufficient to increase plant salt tolerance 
and other physiological traits should also be considered. 
   Maintenance of a high cytosolic K+/Na+ ratio is a key feature of 
plant salt tolerance 27. Under optimal conditions, the cytosolic K+ 
content is estimated to be about 150 mM 13 with a negligible Na+ 
content 10. However, due to excessive Na+ accumulation in the 
cytosol 25 and enhanced K+ leakage 40, the cytosolic K+/Na+ ratio 
falls dramatically under saline conditions 27. This salinity-induced 
K+ loss from cells is a result of NaCl-induced membrane 
depolarization 40, leading to the activation of depolarization 
activated 39. Therefore, measurements of cellular K+ loss upon 
the application of NaCl could be used as a screening tool for 
plant salt tolerance. Omielan et al. 33 found that salt tolerance 
correlated positively with K+ as well as negatively with leaf Na+. 
   The effect of salinity on plant growth is a complex syndrome 
that involves osmotic stress, ion toxicity, and mineral 
deficiencies44. These effects are still not well understood. There 
are various ways by which plants can keep endogenous levels of 
ions like Cl– and Na+ low. Reduced influx at the root cell plasma 
membrane, efflux from roots, and retranslocation from the leaves 
to roots are possible mechanisms 47. In addition, salt tolerance 
during accumulation of Na+ and Cl– at the cellular level can be 
achieved through loading in vacuoles. Sequestration of Cl– and 
Na+ in the leaf sheath of grasses is another mechanism of salt 
tolerance 41. Whether this is true for other crops has to be 
validated. 
  According to Munns 30, osmotic stress is effective in the 
beginning (hours to few days) of exposure to salt, and ion toxicity 
becomes important in affecting plant growth after prolonged 
exposure. However, this hypothesis is still a matter of debate.The 
partitioning of cations including K+ and Mg2+ in leaf tissues is 
not so well known. This limits our knowledge of the effects of 
salinity on the nutritional status of the plant. For example, Boursier 
and Läuchli 9 found a higher concentration of K+ in the leaf sheath 
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of salt-stressed sorghum plants and suggested that it acts as a 
counter ion to the high concentration of Cl–. This is, however, 
not generally conclusive because Boursier and Läuchli 9 did not 
consider age-dependent effects. This study was performed to 
evaluate the effects of salt stress on ion and water relation in 
canola cultivars. 

                                     Materials and Methods 
The experiment was conducted in hydroponic culture system 
under greenhouse conditions. The experimental design consisted 
of 36 treatments replicated three times in split plot design, with 
salinity as main factor and cultivar as sub factor and five plants 
in each subplot. Twelve canola cultivars (B. napus) namely Olga, 
Wildcat, Sarigol, Heros, Cracker, Comet, Option500, SW hot shot, 
Amica, SW5001,  Eagle and RGS003 were subjected to three NaCl 
concentrations (0, 150 and 300 mM). Seeds were sterilized and 
germinated in Petri dishes and seven day-old seedlings of uniform 
size were transferred into large sand tanks housed within an 
environmentally controlled greenhouse (14 h daily light, 600-800 
µmol m-2s-1 photosynthetic photon flux density (PPFD) thermo 
period 25\15ºC day\night, relative humidity 50\60% day\night). 
The P.V.C. tanks were sub irrigated and flushed four times daily 
with a modified Hogland nutrient solution. Sodium chloride stress 
was imposed 7 days after the seedlings were transferred. 
   Na+ and K+ in leaves were determined as described by Ashraf et 
al. 5. One hundred mg of ground dry plant samples were digested 
in 8 ml of  7.2 N HNO

3
 digestion mixture at 100ºC for one hour until 

a clear and almost colorless solution was obtained. After digestion, 
the sample volume was adjusted to 50 ml with distilled de-ionized 
water.  Ions, Na+ and K+ were determined with a flame photometer 
(Model PFP/C, Germany). 
   Leaf water potential was measured by pressure bomb (Dik 1000 
Omega Seiki Co. LTD., Japan). The youngest expanded leaf was 
cut and immediately placed in the pressure bomb. Air humidity in 
the pressure bomb was maintained at saturation, to prevent 
transpirational water loss, the speed of pressure application was 
fast at the beginning of the measurement and then slowed to 0.01 
MPa s–1, when the pressure was close to the level of leaf water 
potential. When water excluded from the xylem and saturated the 
cut end of the petiole, pressure application was stopped. The 
equilibrium pressure was then assumed as the leaf water potential 
(Ψw). 
   Leaf osmotic potential (ΨΠ) measurements were made on the 
same leaf used for leaf water potential. These leaves were frozen, 
thawed, and centrifuged for 10 min at 6000 g to extract cell sap to 
determine osmotic potential (ΨΠ) with an osmometer (Osmomat 
010, Gonotec, Berlin, Germany). The osmometer was calibrated 
after duplicate readings using commercial standards. Readings 
were converted to MPa using the van’t Hoff equation, 
ΨΠ = –cRT, where c is the osmolality (mosmol kg–1), R the gas 
constant, and T absolute temperature (K) 32. Turgor pressure 
was estimated as the difference between water potential and 
osmotic potential as: Ψp = Ψw– ΨΠ. 
   Leaf relative water content (LRWC) was determined using fully 
expanded leaves. Three 10-mm diam. leaf discs were punched 
from the interveinal area of each leaf using a cork borer and the 
fresh weight (FW) of pooled discs per replicate was determined 
immediately. These leaf discs were then placed in distilled water 
for 4 h at 20°C under dim  illumination to reduce respiratory losses. 

Four hours of floating in water was found to be sufficient for 
complete hydration of leaf discs 19. Leaf discs were then carefully 
blotted to remove surface water, and turgid weight (TW) was 
recorded. Dry weight (DW) of the leaf discs was determined by 
drying the tissues at 72°C to constant weight. Relative water 
content (%) was determined as: 

LRWC = [(FW–DW)/(TW–DW)] ×100 

Data for ion content and water relations were analyzed through 
ANOVA based on randomized complete block design to 
investigate if significant differences were present among cultivars, 
salinity treatments and their interaction followed by comparison 
between means using Fisher least significant difference. 

    Results and Discussion 
Salt stress resulted in Na+ accumulation within the leaf sap of all 
canola cultivars used in this study (Fig.1). The increment of Na+ 
content was 6 fold in 300 mM NaCl than of control. Salt tolerance 
in wheat is associated with Na+ exclusion from the shoot 20. This 
is not surprising, given the focus on Na+ exclusion as a selection 
criterion for salt tolerance 31. Salinity stress results in 
disequilibrium of food elements concentration in ionic 
concentrations.Therefore, by increasing the salinity 
concentration, Na+ concentration raised significantly. Intensity 
of Na+ accumulation in Heros, Comet and SW hot shot were greater 
than the other cultivars (Fig.1). 

   In the absence of salt, the Na+ content in leaf sap of all the 12 
cultivars was negligible (Fig. 2). Supply of 150 and 300 mM NaCl 
to the plants resulted in a significant increase of the Na+ content 
of the leaf. The massive influx of Na+ into cells that occurs upon 
the application of NaCl results in a membrane depolarization 39, 
leading to an immediate and substantial loss of K+ from the cell 12. 
The variability in concentration of K+ in leaf was on the contrary 
with Na+. 
   Potassium is a major plant macronutrient that plays important 
roles related to stomatal behavior, osmoregulation, enzyme 
activity, cell expansion, neutralization of nondiffusible negatively 
charged ions and membrane polarization 15. Metabolic toxicity of 
Na+ is largely due to its ability to compete with K for binding site 
essential for cellular function 7. Thus, high levels of Na or high 
Na+/K+ ratios can disrupt various enzymatic reactions in the 
cytoplasm 8. In fact, high K+/Na+ ratio is more important for many 
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species than simply maintaining a low concentration of Na+ 13. 
However, high K+/Na+ ratios are closely related to salt resistance 
in tomato 26, chickpea 34 and Brassica napus 35. The leaf sap K+ 
concentration remained in a range of 0-50 mg/g dw. For plants 
under stress, K+ is transferred to leaves, Na+ is distributed more 
steadily 46. Furthermore, significant differences in the K+ content 
were seen between the cultivars with or without salt treatment 
(data not shown). Thus, the observed increase in cell sap 
osmolality is primarily the result of the increased Na+ content. 
Nevertheless, Craker and Amica increased their K+ content 
compared with other cultivars, while in Heros and Comet, K+ 
levels were decreased by salinity. It must be remembered that 
changes in K+ levels at the whole tissue level are largely a reflection 
of the behaviour of K+ within the vacuole, so masking the degree 
of changes in cytosolic K+ activity 13. This study confirmed that 
the K+/Na+ ratio could be considered as an indicator for salinity 
tolerance in canola. So, the proportion of  K+/Na+  for the sapling 
condition plants is more than in stressed plants. By increasing 
the environment salinity the proportion declines (Fig. 3) 

   It is accepted that competition exists between Na+ and K+ leading 
to a reduced level of internal K+ at high external NaCl 
concentration38. This can result in high Na+/K+ ratios that reduce 
plant growth and eventually become toxic 13. It is important to 
develop an understanding of how plant roots are capable of 
distinguishing between essential potassium and potentially toxic 
sodium ions. Distinguishing between these ions is not trivial 
because they are similar in ionic radius and ion hydration energies, 
which are both factors in determining how ions move through 
membrane proteins into cells and whole plants 22. At the whole 

plant level, the genetic control of potassium and sodium 
selectivity has been studied in relation to salinity tolerance. A 
fundamental role of K+ uptake, for growth under saline conditions, 
was demonstrated by the isolation of an Arabidopsis mutant 
that is hypersensitive to salinity and deficient in high-affinity K+ 
uptake 43. Because of the thermodynamics and also the widely 
observed interaction between Na+ and K+ uptake, it is possible 
that Na+ enters the cell cytoplasm through potassium channels. 
A large number of highly selective plasma membrane K+ channels 
had been identified in various plant cell types 48. 
   Shachtman and Munns 41 stated that in Triticum tauschi 
cultivars Na+ balance cannot always be resistance indicator. It is 
also reported similarly in rice 45 that Na+ congregation on the 
leaves of some cultivars did not have unification with salinity 
tolerance. This shows the distinctive degree of tissue or cellular 
tolerance related to Na+. Strong concentration of this ion in leaves 
makes K+ dysfunctional and contains various reactions of pores. 
In other words high-scale absorption of Na+ by absorbing the 
other elements in K+ row creates a competition that turns into 
shortage of K+. In this experiment 87.5% depreciation in K+ 
concentration can be observed in the salinity treatment of 300 
mM. 
   Low proportion of K+/Na+ is an index of plant toxicity. Because 
Na+ blocks the activity of enzymes which are dependent to K+ 
and finally causes growth depreciation. Houshmand et al. 23 
introduced the Na+ proportion as a criteria to choose salinity 
endured numbers. Morant-Manceau et al. 49 have reported the 
same result about the K+/Na+, but in the present study K+/Na+ 
ratio was not too a successful criteria in choosing the tolerant 
lines. It has been shown that in some lines from B. carinata with 
high functional salinity stress conditions, Na+ scale of leaves 
was at its low content 3. Sodium and chloride ions contribute to 
OA as well as salt toxicity. Ionic analysis in the leaves of some 
salt-tolerant and salt-sensitive accessions of B. juncea showed 
that the salt-tolerant lines may have greater or smaller Na+ content 
than sensitive lines. Such a tolerance exclusion mechanism has 
been reported by some researchers 31. The possible role of K- 
selective uptake channels in mediating Na+ influx has been 
studied, and most inwardly rectifying channels appear to be highly 
selective for K+ over Na+ 48. Therefore, it appears unlikely that K- 
uptake channels would mediate significant net Na+. 
   For water relation traits, the analysis of variance indicated a 
significant difference between cultivars with respect to osmotic 
adjustment. It has been reported that stress resistant cultivars 
have more leaf relative water content than other sensitive 
cultivars49. The same trend was observed in present study, but it 
was not significant statistically. 
   As suggested by Bernstein 6, suppression of plant growth under 
saline conditions may either be due to osmotic reduction in water 
availability or to excessive ion (Na+ and Cl–) accumulation in 
plant21. Toxic ions in the leaves, such as Na+ may interfere with 
phloem loading, and thus translocation of assimilated reserves 
was inhibited in stalinised plants, independent of leaf water 
potential and relative leaf water content. Salt treatment induced a 
reduction in leaf LRWC. The decrease in LRWC indicated a loss 
of turgor that resulted in limited water availability for cell 
expansion processes 24. The decrease in LRWC under salinity 
stress has already been reported 42 and considered as one of the 
important indicators of salt tolerance 36. In out study, LRWC 
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Figure 3.  K+/Na+ ratio for salt-treated in the cultivars. 
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Figure 4. Leaf water potential of canola under salinity treatments. 
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