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ABSTRACT

In order to investigate the effect of salt stresggoowth and sodium and potassium ion content delggHordeom
vulgare, L.) plants, four cultivars were subjectedsalinity levels (control, 50 and 100 Mm) in hgdonics. Salt
stress was imposed to cultivars in root establighinstage (4 leaves). Results showed that undessstrendition,
growth of seedlings decreased dramatically. lontenhof barley cultivars changed in salinity comafis. N&
concentration were increased with increasing Naélels, whereas Kconcentration and KNa’ ratio were
decrease with rising of the NaCl level. Significdifferences were observed between barley cultif@rvarious
salt tolerance-associated traits under salinityess. The results clearly showed that Lisivy culivead the highest
salt tolerance compared with the other three.
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INTRODUCTION

One of the most important effective factors on pignowth is salt stress (Satorre, 1999). Salinffgaed about 7%
of the earth lands (about 930 million hectares) @nd outspreading (Barsa & Barsa 1997). Soilrsbliis a
considerable problem adversely affecting physiaalgand metabolic processes, finally diminishingvgh and
yield (Ashraf and Harris, 2004).The constituenttans of total soluble salts in soils are usualigism (Nd),
calcium (C&"), and magnesium (Mg and the anions are chloride )Ckulphate (S¢ ) and carbonate. However,
Na" dominates the cautions and @le anions in the majority of saline soils to éxtent that NaCl comprises from
50-80% of the total soluble salts (Rengasamy, 2010)

Barley Hordeum vulgarel.) is grown as a commercial crop in one hundredntries and is one of the most
important cereal crops in the world. Barley assuthesfourth position in total cereal productionttire world after
wheat, rice, and maize (FAO, 2004). Generally,dyai$ considered as salinity tolerant crop. Itlbasn particularly
satisfactory as one of the

Early crops planted in the process of reclamat@ims soils (Ayers and Westcot, 1985). The indaratdf good
salinity tolerance at one growth stage such as igation and seedling does not necessarily meanothat stages
will also have good salt tolerance. Yield composemnd growth parameters also show differential aesps to
salinity stress. Ayers et al. (1952) found thaba@mley and wheat seed production was decreasethmsshoot dry
weight by salinity. Likewise, at low salinities riogrowth is often less affected, or sometimes esténulated by
salinity, compared to shoot growth. In muskmel®adt tolerance decreased in the following ordealteegetative
dry weight > total vine yield > fruit yield > martable yield (Shannon and Francois, 1978).
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Salt sensitivity in some crops has been attribtoeithe failure of plants to keep Nand Cl out of the transpiration
stream and, consequently, the cytoplasm of thetshesnies (Flowers et al, 197Harvey, 1985). Under salt stress a
plant must absorb nutrients and restrict the uptekioxic ions at lower water potentials than usilinns and
Termaat (1986) divided salt stress into short- land-term effects. Short-term effects occur in dteveof days and
involve decreased shoot growth, possibly as a treduhe root response to water deficit. Long-tegffects occur
over weeks and result in maximum salt loads inyfetkpanded leaves and a reduction in photosyntlaetieity.
Flowers and Yeo (1986) noted that salt damageawele of sensitive species may be the result ofssxapoplastic
ion concentrations or ion toxicity effects on metlidprocesses in the symplast.

For most plants to tolerate salinity, Nand CI uptake must be restricted while maintaining theake of
macronutrients such as’KNO; and C&'". The mechanisms of Nand K transport in plants under salt stress have
been extensively researched and reviewed (AmtmadnSanders, 1998; Shabala and Cuin, 2008). Redyaed
loading into the xylem is one of the main mechasissalinity tolerance and it is often consideoeé of the most
crucial features of restricting Naccumulation in plant tissues (Tester and Daven@®03; Munns and Tester,
2008). Among the crop plants, an extensive resdaashbeen conducted on the effect of salinity atepdCramer
and Nowak, 1992) This crop species is salt tolefisietr et al, 2000; Brady and Weil, 1996) Researleund that
differences in the salt tolerance of barley wastesl to their ability to regulate ion transport é&mway, 1963;
Greenway et al, 1965). In particular, Nexclusion seemed to be important (Greenway, 1988hns et al (1982)
assessed the contribution of osmotic effects dhisalrelative to its ionic effects and concludduht inhibitory
effects on growth were mostly due to osmotic andiom specific effects.

MATERIALSAND METHODS

This experiment was conducted in Biology DepartmEatulty of Science, and University of Mohagheghahili,
Iran.

The seeds of four barley cultivatddrdeum vulgareL.), Dasht, Lisivy, Sahra and Sahand were obthfnem seed
and plant Improvement Institute, Karaj. Iran.

The experimental design was a factorial completalydomized design comprising three treatmentsxbautey
cultivars with three replicates.

A solution culture experiment was conducted to ss$iee effect of different concentrations of Na@ltbe growth

of genotypes. Three concentrations (0, 50 and 160 & NaCl Hoagland’s solutions were prepared Isgdliving a
mixture of NaCl salt in nutrient solution. All tremaent solutions had a background of modified Hoadjls solution

for nutrient supply, the composition of which (ifMpwas: NH4NO3 (0.2), KNO3 (5), Ca (NO3)2 (2), MgéQ),
KH2PO4 (0.1), NaFe (lll)-hydroxyethyl ethylenediamaitriacetic acid (HEDTA) (0.05), H3BO3 (0.01), MaC
(0.005), ZnSO4 (0.005), CuS0O4 (0.0005), and Na2M@@B001). The experiment was operated in greerhous
with day/night temperatures of approximately 25/a3C

At 12-15 d after germination, when the fourth leafs beginning to appear, the NaCl treatments wereduced
over 10 d (Genc et al, 2010). Plants were harveateat 24 d, seedlings were pulled from pots arehtbhoot
heights were measured. Roots and shoots of seedliage cut and dried in oven 69 for 48h and then dry weight
of roots and shoots were measured separately.

For Measurements of Nand K concentrations, the leaves were dried ifGfbr 48 h. Then 1 gr of leaves was
powdered and burned in 58Dto obtain ash then ashes digested in 10 ml ofiON. The concentration of Nand
K™ in the digested samples was determined usingreflzhotometer (Model 420, Sherwood, Cambridge, UK)

Statistical analysis: Data were analyzed using AMQV determine if significant differences were mesamong
means. Differences among the mean values weresassdéy Dancan test using the SPSS program. Diagrams
designed by Excel software.

RESULTS

Effect of salt stresson barley growth

When grown hydroponically, barley cultivars showdifferential responses to salt. The growth of alrléy
cultivars was inhibited by NaCl even at low concatibn (50 mM) in the root Medium. Shoot heights adif
cultivars were reduced significantly with increasin NaCl levels (Figla). In Dasht and Lisivy, shbeights were
reduced by 6% in NaCl treatment, whereas, shoghhevas decreased in Sahra by 18%. The highestaszof
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shoot height due to NaCl treatment was observeghhmand (23%). Increased levels of salts in thetisolueduced
shoot dry weights of all the varieties but the mesges of genotypes differed (Fig 1b). There wassignificant
different in shoot dry weight between saline salatand control for Lisivy. In Dasht and Sahra shadgt weight
reduced by 14% and 37%. Sahand had the highestakeciof shoot dry weight under NaCl treatment coetpa
with the other three (43%). Reduced growth undéneaonditions is a common response of many pépeties
including barley (Mahmood et al., 1996). Garthwaitel. (2005) reported that amoHgrdeum spp growth ofH.
vulgare was more adversely affected by salinity compam@dvild species.In other studies; growth of barley
seedlings was inhibited at 150 mM NaCl (Cramed.et1889).

Salt stress had a negative effect on root growth Gaused reduction of root dry weight in cultivéiFsg 1c). In
Dasht and Sahra the root dry weight was reduce8Pbyn NaCl treatment. Whereas, the root dry wedafhtisivy

was reduced by 14%. The highest decrease of rgaweight due to NaCl treatment was observed in Salaand it
decreased by 39%. Root is the first organ of pllaat expose to salinity. Decrease of root dry weigllue to ion
toxicity, imbalance of nutritional elements andadder of osmaotic regulation (Tester & DavenportQ2p

—+—shahed —8—50Mm 100 Mm 06 - —+—shahed —8—50Mm 100Mm

0.5 4 :l: :
04 -

0.3 4

= L] [s3]
[l [anl [l
|

Length of stems {cm)
L)
L)

shoot dry weights {(cm)

0.2 4

[
[l

0.1 4

e
L]

[

0

dasht lishvy sahra sahand dasht lisivy sahra sahand
(a): Effectsof NaCl on Length of stem (b): Effectsof NaCl on shoot dry weight

06 7 ——shahed —m—50Mm 100 M

0.5 1
0.4 4
0.3 1

0.2 1

root dry weight (cm)

0.1 1

0
dasht ligivy sahra sahand
(c): Effectsof NaCl on Root dry weight

Fig 1: shoot height and shoot and root Dry weight measur ements of barley plants grown hydroponically in
control (1 mM) and salt-treated (50 and 100 mM NacCl) conditions.

Effect of salt stresson ion content

Plant responses to NaCl were determined by meaghléh and K concentrations in the leaf by flame photometry
following exposure to salt for 10 day. Fig 2(a) sisathat the concentration of Nan leaves was much higher in
plants grown under salt stress, regardless of tyarddter salt treatment, there was a 99% incréagda’ level in
Sahand. Sodium concentration Increased in DashSahda by 31% and 73%, respectively. Lisivy hadldiweest
increase of Naconcentration under NaCl treatment compared wighother three (15%). Chen et al (2005) reported
that sodium concentration of root and shoot in@dasd K/Na' ratio was decreased under salinity stress. Inereas
of sodium uptake and reduction of sodium iteramcegacuole cause increase of sodium concentrati@paplast.
Potassium concentrations in all cultivars decreagithl increasing NaCl in treatment solutions (Fi@)2. There
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was a similar 16% decrease ifi kévels after 10 day in Dasht and Lisivy followiagposure to salt. Decrease of K
concentration in Sahra was 25%. Sahand consistemiptained highest decrease in concentration ‘'0{36%).
Thus causing decrease if/Ka’ ratio (Fig 2(c)). Sahand have highest decreas€ ®fa’ ratio (4/2%), whereas this
ratio fell above 4/2% for the other cultivars, with Lisivy haviniget highest ratio.
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Fig 2: Na" concentration, K* concentration and K*/Na" ratio measurements of barley plants grown
hydroponically in control (1 mM) and salt-treated (50 and 100 mM NaCl) conditions.

DISCUSSION

Four barley cultivars grown hydroponically undenditions of high Salinity, showed very differentiyer the 10
day period. The results clearly showed that in@sas salinity decreased growth of barley plantsweler, plant
species differ in their sensitivity or tolerancestdts. Sahand was severely affected, having atgrmeuction of up
to 23% of shoot height. In addition, dry weightsbbot and root decreased by 43% and 39%, resplgctdiéferent

responses were seen in barley cultivars after y0oflaalt treatment: Sahand essentially ceasediggywhereas
Lisivy resumed growing at rates similar to thoseunfreated plants (Fig. 1). Previous studies hamahstrated
retardation of germination and growth of seedliagdigh salinity (Grog and Gupta, 1997; Ayers aray\ard,

1948). The depressive effect of salt on the gragjtAccording to Hajji et al. (1999), the result@aeduction in the
osmotic potential of the soil solution around tle@ts, an increase in the accumulation of some iprtgarmful

concentrations in tissues and a modification of nb&itional statute of the essential ions to thewgh and the
development. In other studies, it was shown thatgiowth of aerial organ was inhibited under sakss by the
decrease of root growth (Cramer et al., 1989; Mead.e1991; Rengel, 1992). According to Levignesebral (1995),
the increase of soil salinity is translated byrmmiediate reduction of shoot growth.

In this study, the NaCl Hoagland’s solutions weesigned to give concentrations of the"ad K ions (Fig 2).
Using barley cultivars with known genetic variationsalinity tolerance and in Nand K uptake also assisted in
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distinguishing the toxic effects of Néons. The concentrations of Nincreased in barley plants exposed to salt
stress. Sahand had the high concentration dfiNaalinity condition (up to 99%), whereas it wiasreased in
Lisivy only up to 15%. NA& toxicity is strongly linked to plant's ability tonaintain uptake and within plant
distribution of K (Kader & Lindberg, 2005).

There was a marked difference in thé &oncentration in barley cultivars leaves followiaglt stress. NaCl
treatment caused decrease in potassium concentrdtiois causing decrease ifVIKa' ratio (Fig 2). In the present
studies, a similar trend was observed as indidayddwer K'/Na" ratios in plant leaves in 100 mM NacCl treatment.
In Dasht and Lisivy leaves after 10 day of salesdr potassium concentration decreased by 16%hasé has
highest K/Na" ratio compare with the other cultivars. Mainterearaf high K concentrations in salt-tolerant
cultivars may be one of the mechanisms underlyi@r tsuperior salt tolerance (Maathuis and Amtmairt99;
Britto et al., 2010; Tester and Davenport, 2003).

Selective K uptake has been reported to be associated withoaiance in many species (Mahmood et al., 1996).
However, higher K/INa" ratio does not always correlate with salt toleearido K/Na" selectivity occurred in sugar
beet (Hasegawa & Yoneyama, 1995), a salt tolejgetties whereaSesbania rostrathaving medium salt tolerance
exhibited high discrimination for Kuptake (Mahmood, 1998). In the present studiesralifferences were noted
among the cultivars for Kuptake and within plant distribution under Na@aiment (Fig 2). KNa" ratios in leaves

of more salt tolerant cultivars (Lisivy and Dashigre higher than those in the less tolerant cultiv&urther,
selective transport of Kfrom root to shoot was more efficient in thesetivats as indicated from higher' Aa”
ratios in leaves. In this experiment, growth resgowas related to the efficiency of cultivars tantain K™ uptake
under stress conditions.

CONCLUSION

In general this study indicates that salinity ledtsignificant decrease in the growth parametshast height, root
and shoot dry weight of all 4 barley cultivars. Tesult also pointed out clearly that salinity opeth ion uptake in
root. Salinity caused increase in Neoncentration, Increase in Naptake inhibited K uptake and decreased K
concentration and HNa' ratio. Also, our results showed that Lisivy andsBacultivars have the highest tolerance
while Sahand has the lowest tolerance under the samdition of salt stress.
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