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ABSTRACT

The effect of salinity on physiological processes spring barley was monitored in varieties Amulet, &rsey, Krona,

Malz, Norimberk and Valticky. The plants were grown under controlled light and temperature conditions n an air-

conditioned chamber as a hydroponic culture in Knofs nutrient solution. The conditions of salinity inthe nutrient

solution were induced by NaCl at concentration leus of 0.06M, 0.15M and 0.25M. After 5-day exposurt® the stress
conditions, the physiological characteristics of th plants were measured at the stage of a fully ddeped 3¢ leaf. The
content of N& increased and at the same time, the Kcontent in the leaves decreased in all the varies. Also,
depression in the growth of leaves occurred in athe examined varietiesThe highest capability of osmotic adaptation
was identified in the Norimberk, Malz and Jersey vaeties. With respect to water use efficiency, thédmulet, Malz

and Krona varieties demonstrated better water managment under the salinity conditions than other vareties. With

respect to changes in the growth of leaves and raotthe growth of leaves in the Amulet and Malz vadties was more
inhibited by salinity than the growth of roots. In the other varieties, the response was the opposite.

Key words: spring barley, salinity stress, osmotipotential, water potential, photosynthesis, transpation, growth.

INTRODUCTION

Soil salinity is an important worldwide problem migiin
arid and semiarid regions (Khosravinejad et alQ92(). El-
Hendawy et al. (2007) show, that the issue of salihity is
addressed by 35-50 % of the world population fro
approximately 80 countries.

As Munns (2002) states, harmful toxic ions accuneula

mainly in older leaves. The accumulation of theida@ns of
salt can even ultimately lead to the death of osgamd the
whole plants. The plants accumulate the harmfus ibia
and Cl in vacuoles in order to minimise cytotoxicity. Ehi
can be an important part of the tolerance of cereal
salinity.

Based on the results of many papers, it can bethaid
the degree of tolerance to the toxic effect of ibias and Cl
varies according to plant species. It is true thatley is
mentioned as a plant sensitive to salinity butsitai plant
tolerating minor salinity. Wheat is capable of gnogvon
soils containing up to 0.5 % of salt while barl@jetates
even a double of that amount of salt in soil (Alak, 2001).

Selected species of barlelddrdeum vulgare, Hordeum
spontaneum, Hordeum jubatum) and some wildly growing
forms of goatgrassAégilops sp) rank among plants tolerant
to salinity. As opposed to that, durum whedtritfcum
durum) is known for its low tolerance to salinity. It pkends,
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not only with barley but also with other plants, what
development phase the given plant is in when expts¢he
salinity conditions (Munns, 2002). Mano and Takéta97)
cite the germination period as the critical deveiept phase.
Pandya et al. (2005) confirmed that barley is tolérto

rr%alinity exactly during the germination period.

It was found out that the genotypes tolerant taniwpl
have the capability to expel the undesirable iGerthwaite
et al. (2005) identified this ability in the wild-gwing
barleys, which have higher tolerance to saliniticaspared
to other cultural types. Fricke and Peters (2003eoved
that the elongation growth in the hydroponic cudturof
spring barley was slowed down at the third-leagstdue to
the decrease of the water and osmotic potentidls. plants
in a salinated environment are not only exposatieceffects
of salt ions but they are also exposed to the lematic
potential of the soil solution. It generally apglithat if the
rate of decrease of water potential exceeds 1.1 pPalay,
the plant is unable to adapt at a sufficient sp@aamer,
1983).

Based on the facts mentioned above, we presumehinat
various genotypes of barley can demonstrate ngt\arious
levels of tolerance to salinity but also variouggiblogical
adaptations to this stress factor. In order to fyethis
hypothesis, we chose six different genotypes dahggrarley
and we examined their physiological response timigalby



monitoring the growth of leaves and roots, the astmand by means of the LCpro+ appara{édC Bio Scientific Ltd.).
water potentials of leaves, the photosynthesis anthe measurements were carried out in an air-camdit
transpiration rates and the entry of ions Neo a plant. The chamber; the temperature in the measuring leaf beamas
goal was to find out how the individual varietietapt to the 25 °C: photon flux density was 4Q@mol m? s the air
induced stress conditions, for example, whethey teeluce humidity in the leaf chamber was 50 %; and the
growth or whether they reduce water or osmotic iideor  concentration of C@in the air incoming to the leaf chamber
whether they perhaps do both at the same timeobtened was 350umol mol®. The taken and frozen samples of leaves
results could be used in breeding to obtain mosistant were used, after defrosting, to identify psychramatly the
plants. osmotic potential from the cell sap (Smith et 4892). The
MATERIALS AND METHODS water potential of the plants was identified psyubtrically
) o ) on leaf disks by means of the PSYPRO apparatescor).

Six varieties of spring barley were selected as thg the phase of the third fully developed leaf, taegth of
experimental material Hordeum vulgare L.): Amulet (&  the leaves and the length of the roots were alsasared in
Czech variety) Jersey (a Dutch variety)Krona (a German the plants. In order to assess the impact of ba the
variety), Malz (a Czech variety),Norimberk (an older metabolism of the plant, analyses of the plantsvgran the
German variety), Valticky (an older Moravian variety). control group and under stress conditions induce@.b5M
During the previous experiments, differences betwé®  solution of NaCl were carried out. For the purposéshe
varieties in their water management had alreadynbegnalysis, the plants were being dried at 105 °Gafperiod of
identified. 1 hour and were homogenised on a ball mill. Theeus of

The cereal grains were pre-germinated in an aifNa" and K ions were identified by a laboratory for soil and

conditioned chamber at the temperature of 20 °Gedklays Plant analysis in the Crop Research Institute iagBe by
later, the young seedlings were replanted intoainats with Means of an optical emission spectrometer with dtido-
Knop’s nutrient solution (nutrient concentration 28 mmol ~ Pound plasma ICP-OES Thermo Jarell Ash (Trace Scan)
I K" 3.4, C4" 3.4, M¢" 0.81, F&" 0.66, NQ 8.84, HPO; The hydroponic cultivation in the air-conditioned
3.34, and S¢J 0.81 mmol T, pH 5.73) and thereafter they chamber was repeated 6 times; each repetition iedoR4
were grown as a hydroponic culture. During theieation,  containers (6 varieties x 4 versions of the sohjttere were

stable photon flux density of 3q@mol m? s* was set in the 10 plants in each container). Each measurementamied
air-conditioned chamber; the duration of the daywat at gyt for two plants from each container.

14 hours; the temperature was set at 22 °C duhiagiay /

18 °C at night; and the air humidity was betweerad@ 60 _The results were sta_tist.ic_:ally examined by the ysislof
%. Before the third leaf started to be formed (stad' DC), Variance (ANOVA) for significance level = 0.05.

the plants were divided into 4 groups: in t.he fgabgp, the RESULTS AND DISCUSSION

control, non-stressed plants were cultivated in X0 _ o _

nutrient solution; in the other three groups, stresnditions With the selected varieties of spring barley, dttenwas

were induced for the plants by adding 0.06M, 0.18mi focused on the physiological responses of plantsttess

0.25M solution of osmotically active substance Na® the ~conditions induced by salinity.

Knop’s nutrient solution. The plants were beingesed It follows from the results shown in Figure 1 tieditthe

under the salinity conditions for five days. examined varieties responded to the graded “sglirby
The gas exchange parameters (photosynthesis ratacPn gradually decreasing the levels of the osmotic maieof the

transpiration rate E) were measured gasometridaligtact 3" leaf. They all demonstrated the capability of otmo

plants at the phase of the third fully developeaf [@3" DC)  adaptation.
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Osmotic potential (MPa)

Variants

Figure 1. The osmotic potential measured in tH& [Baves of spring barley
plants. Mean = SD (n=12). K: control variant (Knspiutrient solution), Amu:
Amulet, Jer: Jersey, Kro: Krona, Mal: Malz, Nor: iNoberk, Val: Valtick
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The osmotic adaptation capacity of most mesophigetp is
relatively low and hovers around 1 MPa, dependinghe
species and the physiological state of the plahe Genetic
variability within a plant species is low, for expl®, around
0.4 MPa for maize. The varieties with a higher ¢alfg to

accumulate osmotically active substances, whichefbee
have a capability to reduce the osmotic potentiatl, can be
regarded as plants more resistant to water sttésder the
induced stress conditions with NaCl concentratievel of
0.15M, the Norimberk, Malz and Jersey varietiesioed the
osmotic potential the most in comparison with tloetool

group; conversely, the Amulet variety demonstratbd

smallest reduction of the osmotic potential. At th&5M

concentration, the highest osmotic potentials videatified

in the Valticky and Malz varieties. A medium deweaf the
osmotic potential was identified in the Jersey a&wdulet
varieties and the lowest osmotic potential was ek in
the Krona and Norimberk varieties. At
concentration, the osmotic potential decreased ighhh
significant numbers when probably uncontrolleduston of
NaCl into the tissues was already taking place.s Wwas

the 0.25M

manifested by stagnation of growth, visible damagd by
the tissues turning vyellow. This is why the 0.15M
concentration was thereafter used to examine thmadmof
salinity on selected physiological parameters.

The said results are in accordance with the results
published by Reggiani et al. (1995), who provedediénces
in osmolarity in various wheat varieties in conmaettwith
increasing external concentration of salt.

It follows from the results shown in Figure 2 tldit the
varieties demonstrated the capability to decrehsewater
potential of leaves and hence the capability topada
salinity induced by adding 0.15M NaCl to the nuitie
solution. In comparison with the control group, thmulet
variety decreased the water potential the most;sthallest
decrease of the water potential was observed, basdtie
measurement, in the Valticky variety. However, déncbe
assumed that the data obtained from the measursmiemiot
indicate the maximum capability of the individuarieties to
reduce the water potential level.

b g
V{f_
a3

x\{# \\b'\% e \.\‘." R

AR £

0 T T
8
= 8
g \
e \
= -1 §
° N

:

Variants

Figure 2. The water potential measured in tfi&l8aves of spring barley plants. Mean +

SD (n=12).

In order to limit the losses in agricultural cropguction,
it is very important to get to know the physiolaglic
adaptation mechanisms, which the individual genesypf
plants use to control the parameters of gas exehander
reduced availability of water (Hoffmann and Buru2805;
Balla et al., 2006).

It follows from the results shown in Table 1 thaithw
respect to transpiration rate, the transpiratidasrédentified
in all the varieties during the measurements deegban
correlation to the increase of the concentratiosaif in the
nutrient solution. The 0.25M concentration of Na@as
harmful to all the varieties — there was a sigaificdecrease
of the gas exchange parameters, that is, a signifitecrease
of the photosynthesis and transpiration rates. \\égipect to
photosynthesis rate, the Norimberk and Jersey tiesie

responded most sensitively and therefore the gkate
reduction of the photosynthesis rate occurred ieseh
varieties. The response to lower salt concentrdéoels was
variety-specific. At the 0.15M concentration of Nathe
Amulet and Valticky varieties demonstrated a phgttisesis
rate statistically comparable with the photosynthemte
under the control non-stress conditions. In theotlarieties,

a statistically significant decrease of the phomdsgsis rate
levels was identified in the measurements. It camssumed
that under a more slowly appearing and longer-t&iness in
field conditions, maintaining a higher rate of pure
photosynthesis can be an important mechanism tewaeh
higher yields (Brestic et al., 2007). Safrankovalet(2007)
or Degl’innocenti et al. (2009) also achieved ddfeces at
the level of genotypes and different groups.

95



Table 1. The photosynthesis rates and the transpirati@s raeasured in thé"3eaves of spring barley plants. Mean + SD (n=12).

Characteristic Varieties Variants
K 0.06M 0.15M 0.25M
Rate of photosynthesis Amulet 13.82+168a 14.6563 a 1286+121a 7.06 £1.05b
(umol CO, m? st Jersey 15.06 + 0.52 a 13.27+3.67 a 458+h.70 2.31+0.22c
Krona 1347+2.03a 17.87+0.70 b 9.86+1.20c 7.90+1.47c
Malz 1259+0.20 a 9.67+0.81b 598+1.39¢ 925 0.85¢c
Norimberk 12.89+0.27 a 7.93+0.66 b 529+@25 1.71+0.97d
Valticky 13.26 +1.28 a 11.36 +1.90 a 11.77 #7183 5.30+3.54b
Rate of transpiration Amulet 294+0.15a 2.59470a 1.88+0.25b 0.37+0.08¢c
(mmol KO m?s?h) Jersey 287+0.36a 289+0.36 a 1.18+0.60b 0.69+0.13c
Krona 2.84+0.13a 2.88+0.90 a 200+0.81b 06%*0.58c
Malz 2.77+0.13 a 1.96+0.23b 0.91+0.50¢c 8GtH.55 d
Norimberk 2.87+0.20a 1.81+0.56b 1.17+064 0.68+0.26d
Valticky 2.69+0.37 a 2.93+0.43 a 1.58+0.81b 1.15+0.27cC

The ratio of photosynthesis rate and transpiratiate,
referred to as water use efficiency (WUE = Pn/E)y) show
the water management capabilities of the individizaleties
as well as their capabilities to photosynthesisg produce
under stress conditions. With regard to this cdjtabive can
divide the examined varieties of spring barley itwo basic
groups:

1. The varieties with a provable increase of WUt is,
with the capability to manage water better undeesst
conditions (Amulet, Malz, Krona).

2.
levels, which are consequently more sensitive tinisa
(Valticky, Norimberk and Jersey).

Table 2 shows the results of the analysis of ttantpl
leaves with a focus on the Nand K ion content. The plants
grown in the control group (Knop’s nutrient solutjaand in
the group exposed to salinity with the 0.15M cotiaion
of NaCl were assessed. NaCl in the nutrient saiutias a
crucial influence on the intake of Né&ns into leaves. The
Valticky variety accumulated the highest quantityNa’; the
Krona variety accumulated the lowest quantity of .Ngt the
same time, the potassium ion*jikcontent levels in the leaves
decreased in all the varieties. The greatest dsereé K
content occurred in the Krona variety, which wakofeed
by Norimberk, Jersey, Amulet and Malz. The smalle

decrease of the Kcontent in the leaves occurred in the

Valticky variety. Thus, differences between vagdstiwere
identified.

In a similar experiment with spring barley, Widoebal.
(2009) also observed differences between varieBedfan
(2008) was also trying to ascertain the conteninofganic

The varieties with stagnation or decrease of WUE

S

Table 2. The K and N4 ion contents measured in the
leaves of spring barley plants.
K™ in dry matter Na" in dry matter
of the leaves (mg kY of the leaves (mg kb

Varieties K 0.15M K 0.15M
Amulet 84648 61861 319 18278
Jersey 94198 65323 393 19050
Krona 101467 63263 521 13787
Malz 84094 69294 507 16260
Norimberk 87143 55222 467 17852
Valticky 81467 80041 513 23058

Begum et al. (2008) examined a similar correlation
between Naand Cl on one hand and'kon the other hand in
wheat and they found out that salinity induces cida of
growth caused by accumulation of excessive amonfria’
and Cl with the simultaneous decrease of thé dontent.
Tuna et al. (2008) examined the effect of the aadation of
Na' in the leaves and in the roots of durum whaaiticum
durum) and common wheatfTfiticum aestivum. Based on
their research, they arrived at the conclusion ttmahmon
wheat is more tolerant to salinity than durum whd&dtey
justify this conclusion by stating that the accuatian of
Na’ in the roots indicates a positive mechanism, bgmaeof
YI:hiCh common wheat copes with the salinity in tbd, or

at it may indicate the existence of a mechanishibiting
transport of N&into leaves. Based on this fact, it is therefore
possible that a similar mechanism also works iningpr
barley.

The growth of leaves, which is assessed in Tables 3,
highly sensitive to low levels of water potentiadaturgor.

t

substances NaCl and K’ in the dry matter of the leaves of Alréady a small decrease of water potential andaucan

barley under stress conditions induced by saliwith 0.2M
concentration and he found out that thé Nentent increased

significantly and that the Kcontent decreased. In the pape

by Khosravinejad et al. (2009b), it was found dwttas the
concentration of salt in the nutrient environmemtreases,

the concentration of Nain the cereal grains of barley

increases, while the concentration dfdecreases.

result in a significant reduction and possibly even
termination of the growth of leaves. The fact thdgh
jconcentration of salt is toxic for a plant and tsnits growth
has been confirmed for barley, for example, by indnd
Mohammed (2007). Khosravinejad et al. (2009a) erplzat
the harmful effect of salinity on the growth of pta is the
result of the direct influence of toxic ions or thairect
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influence of salt on soil water potential, resugtiin an
osmotic imbalance in the relation between the aod the
plant.

As the results in Table 3 show, the modern vasetie

Amulet, Jersey, Krona and Malz respond to slighingg

(0.06M NaCl) with a slight increase of growth inngarison
with the control group. Conversely, the older vie®
Norimberk and Valticky are sensitive and their giow
decreased already at this salt concentration. gidri NaCl
concentration levels (0.15M and 0.25M), the grovah

leaves of the examined varieties declined. The Amahd
Malz varieties had the most sensitive response ted
shortest leaves were observed in these varietielstree same
was true for the Norimberk variety with the 0.25M
concentration level. The fact that if plants arg@ased to
salinity under laboratory conditions, a fast anchgerary
decrease of their growth will occur, was also condid, for
example, by Begum et al. (2008) who studied thectfbf
salinity on wheat.

Table 3. The length of the'8leaves of spring barley plants. Mean + SD (n=12).

The length of

the 3rd leavegmm leaf")

Varieties K 0.06M 0.15M 0.25M
Amulet 112.60 £17.70 114.20 £ 27.40 62.40 +32.20 56.60 + 18.80
Jersey 96.60 + 19.40 159.00 + 02.30 110.4 +27.00 2.008+19.10
Krona 110.20 £ 7.90 137.80 £17.30 105.20 + 39.00 4.40+9.10
Malz 93.20 +37.30 105.40 + 25.80 46.20 + 14.30 662 23.50
Norimberk 145.40 +£14.40 119.20 +£31.60 105.00 #4Q2 30.60 +9.00
Valticky 120.20 + 31.10 77.20 £20.30 95.00 + 13.40 68.40 + 21.30

The properties of the root system are also imporfian
assessing the varieties with respect to their aoleg to
salinity or drought. For example, the length arehtiter of a
root and the volume of the root hairs are importés the
results in Table 4 show, the growth of roots in tie
examined varieties is reduced under the stressittmmsl of
salinity at the 0.15M concentration of NaCl in thetrient
solution. Similarly like in the experiment carriezlt by
Khosravinejad et al. (2009a), the roots in thensddid group
were shorter and often had lower number of shahdhing
parts in comparison with the control group growrKimop’s
nutrient solution. Strong reduction effects of satt the
prolongation growth of roots were also confirmed Ndgud
and Maghsoudi (2008) for wheat. In their experimeant
stronger salinity-related reduction was observetthénabove-
ground part in comparison with roots. They drew th
conclusion from the results that the length of socan be
used as the selection criterion for tolerance limisain early
growth phases. They also hold the opinion that sacteties,
which are capable of prolonging growth of both soand the
above-ground part under salinity conditions, shdwédused
for breeding.

Table 4. The length of the roots of spring
barley plants. Means+ SD (n=12).

The lenght of the roots(mm root®)
K 0.15M
121.00 £16.36 81.60 +10.97

Varieties

Amulet

Jersey 168.40+ 17.9584.80+ 17.18
Krona 139.00+ 4.64 65.60+ 10.33
Malz  113.60 + 2.97 90.20 +12.26

Norimberk125.00 + 18.59 83.20 +21.00
Valticky 135.00 = 3.54 79.40 + 5.03

It follows from Table 4 that the greatest reductafroot
growth was observed in the Jersey variety, whos#sro
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exposed to salinity were shorter by 83.6 mm in canigpn
with the control group, and in the Krona variety esh the
difference was 73.4 mm. Conversely, the smalleétréince
between the control group and the salinated group,
specifically 23.4 mm, was observed in the Malz efri

If there is a long-term lack of water since the ibheong
of the vegetation period, first roots prolong imer to reach
greater depths but this takes place at the expehgbe
creation of lateral roots and root hairs. If thetevastress
continues, the root system is reduced; it stopaticrg root
hairs and, eventually, complete reduction of thewgh of
roots occurs and the root system dies. The respafingmots,
that is, their capability of a morphological chargfeer the
onset of drought, is often deemed to be one of niwst

Limportant factors of resilience.

Based on the comparison of the lengths of leaves an
roots, it can be said that after 5-day exposured.tbM
concentration of NaCl, the Amulet and Malz varistie
reduced the growth of leaves more than the growttoats
as compared with the control non-stress group. ather
varieties responded in an opposite way. It is dyattte
changes in the growth rate of leaves and rootsdividual
varieties under decreased water availability thet be an
important selection criterion concerning tolerateelrought
and salinity.

In conclusion, it can be stated that the assesasdties
of spring barley responded to salinity stress inotes ways —
by reducing the osmotic and water potential, byuogty gas
exchange parameters and by changing water uséeaffig
by accumulating Naions and by reducing the growth rate of
leaves and roots. And yet individual varieties destmated
different levels of sensitivity of the assessed gibipgical
characteristics to different levels of salinity.té&fthe 0.15M
solution of the osmotically active substance Na@swdded
into the nutrient solution and after 5-day exposutee
highest capability of osmotic adaptation, thattli,g greatest



reduction of osmotic potential was observed in thdrestic, M., M. Zivcak, K. Olsovska, 2007. Photosatis
Norimberk, Malz and Jersey varieties. The decrazsthe parameters may serve to better characterization and
osmotic potential of the Amulet variety was the ésiv After parametrization of wheat genotypes under climatang
the use of the 0.15M concentration of NaCl, the, conditions. Acta Physiol. Plant. 29: 43-43.

. . . .. gl'innocenti, E., CH. Hafsi, L. Guidi, F. Avarida, 2009. The
photosynthesis rate in the Amulet and Valticky eaes was effect of salinity on photosynthetic activity in tpssium-

comparable with the photosynthesis rate under ness deficient barley species. J. Plant. Physiol. 166:8:1981.
conditions. Conversely, the greatest reduction bf t El-Hendawy, S.E., Y. Hu, U. Schmidhalter, 2007. dssing the
photosynthesis rate, after the use of higher cdration suitability of various physiological traits to sere wheat
levels of the salt, occurred in the Norimberk aratsdy genotypes for salt tolerance. J. Integr. Plant. .BA8: 1352-
varieties. With respect to water use efficiencye thmulet, 1360.

Malz and Krona varieties demonstrated better watdendris, S., M.J. Mohammed, 2007. Nutrient acquisitand yield
management under the salinity conditions than takioky, response of barley exposed to salt stress underatit levels of
Norimberk and Jersey varieties did. When the 0 15% potassium nutritioninternational Journal. 4: 323-330.

ri

. - cke, W., W. Peters, 2002. The biophysics of gaiwth in salt-
concentration of NaCl was used for cultivation g barleys, stressed barley. A study at the cell level 1. PIRhysiol. 129:

the Valticky variety accumulated the highest qusiraf Na 374-388.

ions in its leaves and the Krona variety accumdlaite  Garthwaite, A.J., R. Bothmer, T.D. Colmer, 2005. Saltrance in
lowest quantity of these ions. At the same time, ¢bntent wild Hordeum species is associated with restricted entry of Na
of K ions in the leaves decreased in all the varieflém and Clionto the shoots. J. Exp. Bot. 56: 2365-2378.

greatest decrease in the content dfokcurred in the Krona Hoffmann, B., Z. Burucs, 2005. Adaptation of wheatitjcum
variety and the smallest decrease occurred in thkicky aestivum L.) genotypes and related species to water deficient

Cereal Res. Commun. 33: 681-687.
Khosravinejad, K., R. Heydari, T. Farboodn2Q09a. Effect of
salinity on organic solutes contens in barley. RakBiol. Sci.

variety. Also, depression in the growth of leavesurred in
all the examined varieties. The Amulet and Malzietés
demonstrated the most sensitive response and baised

measurements, these varieties were found t_o havehibrtest Khoﬁé\}i?lijig,zk., R. Heydari, T. Farboodr809b. Growth and
leaves. The growth of roots was reduced in theeyeasnd inorganic solute accumulation of two barley vagstin salinity.
Krona varieties the most, while in the Malz varjeitywas Pak. J. Biol. Sci. 12: 168-172.

reduced the least. In the Amulet and Malz varietggsater Kramer, P. J., 1983. Water Relations of Plants. Néwvk:

reduction of the growth of leaves than the growthramts Academic Press, 489p.

was observed in comparison with the control noesstr Mano, Y., K. Takeda, 1997. Mapping quantitatiwaitttoci for salt
group after 5-day exposure to 0.15M concentratibNaCl. tolerance at germination and the seedling stagebarey

(Hordeumvulgare L.). Euphytica. 94: 263-272.
Moud, A. M., K. Maghsoudi2008. Salt stress effects on respiration
The physiological characteristics assessed (watet a  and growth of germinated seeds of different whéaiticum
osmotic potential, photosynthesis rate, transpinatrate, aestivum L.) cultivars. World J. Agric. Sci. 4: 351-358.
water use efficiency, the Rand K ion content in leaves Munns, R, 2002._C0mparat|ve physiology of salt aradewstress.
and the growth of leaves and roots) indicate thistemxce of Plant Cell Environ. 25: 239-250.

. . . . . . Pandya, D.H., R.K. Mer, P.K. Prajith, A.N. Pande§02. Effect of
complicated interactive relations in the adaptatibplants to salt stress and manganese supply on growth ofybseterlings.

In the other varieties, the response was the ofgosi

salinity. This is why future research into the effef the J. Plant Nutr. 27: 1361-1379.
harmful ions of salt on the adaptation of plantsafid and  Reggiani, R., S. Bozo, A. Bertani, 1995. The effecsaifnity on
semi-arid regions is justified and promising. early seedling growth of seeds of three wheatiticum

aestivumL.) cultivars. Can. J. Plant. Sci. 75: 175-177.
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