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Abgract
Salinity stress can endanger the survival of plants. To investigate the response of canolato 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. Theleaf sap K*concentration remaining in arange of 0-50 mg/g dry weight. For under stress plants, K* istransferred to |eaves.
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Introduction

Agricultural productivity isseverely affected by soil salinity, and
the damaging effects of salt accumulation in agricultural soils
haveinfluenced ancient and modern civilizations. The detrimental
effectsof salt on plants are aconsequence of both awater deficit
that resultsfrom the relatively high solute concentrationsin the
soil and aNat-specific stressresulting from altered K*/ Na* ratios
and Na' ion concentrations that are inimical to plants. The
alteration of ion ratiosin the plant is caused by theinflux of Na*
through pathways that function in the acquisition of K*#. In
plant cells, maintaining cytosolic K* in an environment with a
high Na* concentration isakey factor in determining the ability
to tolerate salinity Z. In the cytosol, K* is an essential activator
for someenzymesand Na' rarely substitutesfor thisbiochemical
function ¢, Na* can compete directly for K*-binding sites on
enzymes, suggesting that the cytosolic K*/Na ratio, rather than
the absolute Na* concentration, iscritical 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
inplant cells.

Sodium isthe predominant soluble cation in many of the soils
of arid and semi-arid areas. However, most plants, especially
glycophytes, arevery sensitiveto high Na* concentrations. High
concentrationsof Na' disturb intracellular ion homeostasiswhich
|eads to membrane dysfunction, attenuation of metabolic activity,
and secondary effects that cause growth inhibition thereby
leading to cell death 2. Theahility of plant cellsto maintain sodium
concentrations low in the cytosol is a vital process associated
with the ability of plantsto grow under high salt regimes “.

The relationship between salt exclusion and salt tolerance
appears not alwaysto be straightforward 4. A recent analysis of
51 wheat cultivarsfor example, reported no apparent correlation
between leaf Na' content and salt tolerance . Thus, excluding

Na* aloneisnot aways sufficient to increase plant salt tolerance
and other physiological traits should also be considered.

Maintenance of ahigh cytosolic K*/Na' ratioisakey feature of
plant salt tolerance #. Under optimal conditions, the cytosolic K*
content is estimated to be about 150 mM ¥ with anegligible Na
content *°. However, due to excessive Na" accumulation in the
cytosol % and enhanced K* leakage %, the cytosolic K*/Na'ratio
fallsdramatically under saline conditions?. Thissdinity-induced
K*loss from cells is a result of NaCl-induced membrane
depolarization “°, leading to the activation of depolarization
activated *. 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. ** found that salt tolerance
correlated positively with K+ aswell asnegatively with leaf Na'.

The effect of salinity on plant growth is a complex syndrome
that involves osmotic stress, ion toxicity, and mineral
deficiencies*. These effectsare still not well understood. There
arevariousways by which plants can keep endogenous level s of
ionslike Cl-and Na* low. Reduced influx at theroot cell plasma
membrane, efflux from roots, and retransl ocation from theleaves
to roots are possible mechanisms #. In addition, salt tolerance
during accumulation of Na* and ClI- 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 4. Whether this is true for other crops has to be
vaidated.

According to Munns ¥, osmotic stress is effective in the
beginning (hoursto few days) of exposureto salt, and ion toxicity
becomes important in affecting plant growth after prolonged
exposure. However, thishypothesisis still amatter of debate. The
partitioning of cations including K* and Mg? in leaf tissuesis
not so well known. This limits our knowledge of the effects of
salinity onthenutritional statusof the plant. For example, Boursier
and Lauchli ®found ahigher concentration of K*intheleaf 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-. Thisis, however,
not generally conclusive because Boursier and Lauchli ° did not
consider age-dependent effects. This study was performed to
evaluate the effects of salt stress on ion and water relation in
canolacultivars.

Materialsand Methods

The experiment was conducted in hydroponic culture system

under greenhouse conditions. The experimental design consisted
of 36 treatments replicated threetimesin split plot design, with
salinity as main factor and cultivar as sub factor and five plants
in each subplot. Twelve canolacultivars (B. napus) namely Olga,
Wildcat, Sarigol, Heros, Cracker, Comet, Option500, SW hot shot,
Amica, SW5001, Eagleand 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
pumol m2s? photosynthetic photon flux density (PPFD) thermo
period 25\15°C day\night, rel ative humidity 50\60% day\night).
ThePV.C. tankswere subirrigated and flushed four timesdaily
with amodified Hogland nutrient solution. Sodium chloride stress
wasimposed 7 days after the seedlings were transferred.

Na" and K* inleaveswere determined as described by Ashraf et
al. ®. One hundred mg of ground dry plant sampleswere digested
in8ml of 7.2N HNO, digestion mixture at 100°C for one hour until
aclear and almost col orless sol ution was obtained. After digestion,
the sampl e volumewas adjusted to 50 ml with distilled de-ionized
water. lons, Na" and K* were determined with aflame photometer
(Moddl PFP/C, Germany).

L eaf 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
MPas, when the pressure was close to the level of |eaf 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 astheleaf water potential
(Fw).

L eaf osmotic potential (Wr) measurements were made on the
sameleaf used for |eaf water potential. Theseleaveswerefrozen,
thawed, and centrifuged for 10 min at 6000 g to extract cell sapto
determine osmotic potential (W) 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,
Y1 = —cRT, where cisthe osmolality (mosmol kg™), R the gas
constant, and T absolute temperature (K) 2. Turgor pressure
was estimated as the difference between water potential and
osmatic potentia as: ¥p =VYw-¥r.

L eaf relativewater content (LRWC) was determined using fully
expanded leaves. Three 10-mm diam. leaf discs were punched
from theinterveinal area of each leaf using a cork borer and the
fresh weight (FW) of pooled discs per replicate was determined
immediately. Theseleaf discswerethen placed in distilled water
for 4 hat 20°C under dim illuminationto reducerespiratory losses.
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Four hours of floating in water was found to be sufficient for
complete hydration of leaf discs™®. Leaf discswerethen 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)] x100

Datafor ion content and water relations were analyzed through
ANOVA based on randomized complete block design to
investigateif significant differenceswere present among cultivars,
salinity treatments and their interaction foll owed by comparison
between means using Fisher |east significant difference.

Resultsand Discussion

Salt stressresulted in Na+ accumulation within the leaf sap of all
canolacultivarsused in thisstudy (Fig.1). Theincrement of Na
content was 6 foldin 300 mM NaCl than of control. Salt tolerance
inwheat isassociated with Na* exclusion from the shoot®. This
isnot surprising, given thefocuson Na" exclusion asaselection
criterion for salt tolerance 3. 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).
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Figure 1. The Na" accumulation in canolacultivars (LSD ,,.= 0.42).

In the absence of salt, the Na" content in leaf sap of all the 12
cultivarswasnegligible (Fig. 2). Supply of 150 and 300 mM NaCl
to the plantsresulted in asignificant increase of the Na" content
of theleaf. Themassiveinflux of Na* into cellsthat occurs upon
the application of NaCl resultsin amembrane depolarization *°,
leading to animmediate and substantial lossof K* fromthecell 2.
Thevariability in concentration of K*in leaf was on the contrary
withNa'.

Potassium isamajor plant macronutrient that playsimportant
roles related to stomatal behavior, osmoregulation, enzyme
activity, cell expansion, neutralization of nondiffusible negatively
chargedions and membrane polarization °. Metabolic toxicity of
Na'islargely duetoitsability to competewith K for binding site
essential for cellular function . Thus, high levels of Naor high
Na'/K* ratios can disrupt various enzymatic reactions in the
cytoplasm®. Infact, high K*/Na' ratio ismoreimportant for many
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Figure?2. Effect of salinity on Na* concentration of leaf sap in the canola
cultivars.

species than simply maintaining alow concentration of Na* 22,
However, high K*/Na' ratiosare closely related to salt resistance
in tomato %, chickpea 3*and Brassica napus *. The leaf sap K*
concentration remained in arange of 0-50 mg/g dw. For plants
under stress, K* istransferred to leaves, Na'is distributed more
steadily “6. Furthermore, significant differencesinthe 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 weredecreased by salinity. It must be remembered that
changesinK* levelsat thewholetissuelevel arelargely areflection
of the behaviour of K* within the vacuole, so masking the degree
of changesin cytosolic K* activity 3. This study confirmed that
the K*/Na' ratio could be considered as an indicator for salinity
tolerancein 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)
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Figure3. K*/Na' ratio for salt-treated in the cultivars.

It isaccepted that competition exists between Na and K* leading
to a reduced level of internal K* at high external NaCl
concentration®, Thiscan result in high Na'/K* ratiosthat reduce
plant growth and eventually become toxic 3. It is important to
develop an understanding of how plant roots are capable of
distingui shing between essential potassium and potentially toxic
sodium ions. Distinguishing between these ions is not trivial
becausethey aresimilar inionic radiusandion hydration energies,
which are both factors in determining how ions move through
membrane proteins into cells and whole plants 2. 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 hypersensitiveto salinity and deficient in high-affinity K*
uptake “. 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 sdlective plasmamembraneK* channels
had been identified in various plant cell types“.

Shachtman and Munns # stated that in Triticum tauschi
cultivarsNa* balance cannot always beresistanceindicator. Itis
also reported similarly in rice “° that Na* congregation on the
leaves of some cultivars did not have unification with salinity
tolerance. Thisshowsthe distinctive degree of tissue or cellular
tolerancerelated to Nat. Strong concentration of thisioninleaves
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
mMl.

Low proportion of K*/Na" isanindex of plant toxicity. Because
Na' blocks the activity of enzymes which are dependent to K*
and finally causes growth depreciation. Houshmand et al. %
introduced the Na* proportion as a criteria to choose salinity
endured numbers. Morant-Manceau et al. * have reported the
same result about the K*/Na’, but in the present study K*/Na*
ratio was not too a successful criteriain choosing the tolerant
lines. It has been shown that in somelinesfrom B. carinata with
high functional salinity stress conditions, Na* scale of leaves
was at itslow content 3. Sodium and chloride ions contribute to
OA aswell as salt toxicity. lonic analysisin the leaves of some
salt-tolerant and salt-sensitive accessions of B. juncea showed
that the salt-tolerant linesmay have greater or smaller Na+ content
than sensitive lines. Such atolerance exclusion mechanism has
been reported by some researchers 3. The possible role of K-
selective uptake channels in mediating Na* influx has been
studied, and most inwardly rectifying channels appear to be highly
selectivefor K* over Na* “8. Therefore, it appearsunlikely that K -
uptake channelswould 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
cultivars®. The sametrend was observed in present study, but it
was not significant statistically.

Assuggested by Bernstein , suppression of plant growth under
saline conditions may either be dueto osmotic reductionin water
availability or to excessive ion (Na* and CI-) accumulation in
plant?. Toxicionsin 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
reductioninleaf LRWC. Thedecreasein LRWC indicated aloss
of turgor that resulted in limited water availability for cell
expansion processes 24, The decrease in LRWC under salinity
stress has already been reported “2 and considered as one of the
important indicators of salt tolerance *. In out study, LRWC
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decreased with increased NaCl concentration (Fig. 4). It seems
plants under such stress follow osmoconformer strategy by
lowering their tissue water potential through net accumul ation of
solutes.
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Figure 4. Leaf water potential of canola under salinity treatments.

Osmotic adjustment increases under salinity, and it isgreater in
bearer than sensitive cultivars as reported before *. Osmotic
salinity serves as the result of different solutions congregation
in a cell responding to stress. Therefore, osmotic potential
decreases under stress and the water that is absorbed by the cell
preservesthe cell turgescence. In our study, OA increased NaCl
concentration, and wasgreater in Craker, Amicaand Olgacultivars

(Fig.5).
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Figureb. Effect of salinity on osmotic adjustment of the canolacultivars.

Limited accumulation of Na" in some cultivars with greater
growth in salinity condition could be confirmed with smaller
contribution of Na*in osmotic potential. In agreement with the
result of Chaparzade et al. 1, under low salinity stress, most of
OA was achieved by the absorption of Na'. This study confirms
that the K*/Na' ratio can be considered as salt toleranceindex in
canola. Osmotic adjustment isamechanism used for maintaining
turgor in salinity stress.
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