
  

  

  

  

  

  

  

 !"#$ %&'() &*$ +,!- () ./ 0(123NaCl+CaCl24 $5,67 !(8 9:  ; !(8 </=  

  

  

3!/>? @!ABC '1$D/EF @AG3 42*0/H!(IJ @A ' '!(KL 43
 /,&",3 MN= A,  ;4

  

  

  

1  2  !4- "#$% &'()( *+ ,-./0 123/ 4'+)( 5678#$% 9:2!68; 53<8#$% =>6?8;6- 5!)@ 26'8#$% ! %6,>$  3A2$ =>6?A26; *

  B$)C(3- 8#$% D6- E.FG 5!)@ 26H%6,>$BI'@ 5678#$% 9:2!68; E.FG 53<  

  

  

)4J6H2% KH26( :19/6/1392- L)HMN KH26( :30/10/1392(

.A,CH  

 .OP6'@= 2.A *+ E!6Q/9 4>$ *;/= 3#$.( 2% $)AHR  S.TU/ 2.A: V6,WX#H%69 Y.(' 33?; .2.A9  VZ.[\/ D6- ]#6/

6P2M+ R>.( ^0 ^MO9 .O /=  ! %.A*#$.O =#: ! @ 2$)Q,>$'*_P6  *+ $2-`(') =/ %:$3#$ ."P!aN &Fb$ 6P9 *#$.O 6+ RW()/ #:=  

S.FU/ 2% 6P9 D6- 2% *# ! 2.A 6P9 4>$ 53A E6c#$ 2.A .\d$! RH$)A 2% *<#0 S6e= *G2f/   2.A9 *#$.O D6-#:=  $2 2M+

/ S),?;= 3?; . *+>2)+ 2.g?/= 2.A )h$9 !2 )+*#$.O 3# #:= 6P2M+9 @'O 56.  6/:0 *>He$)i *#6@$3O "= $)O$ ! 3A.  2% jH$

"H6/:0   6P*#$.O =#: S.FU/ 2% 96P NaCl + CaCl2 4Wi 2.A ^0'\= >2)+ 2.A D6- != 3A.  jH$ 9$)+ 53A ^6k,#$ ld2

 .O "H6/:0 526C+ ld2 mH *; %.+ =N!)(/= 3A6+. "H6/:0  n)i &Y6d 2% 6PVI/6;  6+ =J%6T(13 26['(  ! 92.A3  E6c#$ 2$)<(

3#3A .('6P26[9 2.A9 6/:0 *> )P 2%Ho/6A " EC )pq )3P6A( 5  7  9  11 13  15  17  19  21  23  25  !27 

>%= :H ),/ )+ r?[3#%.+ .6P2M+ L26[A9 J 6+ 5%: *#$.O#6/: oq$.=  6( ! E6c#$ sk8//67?P=  */$%$4J6H  *; 6H*[P  6P2M+

 3?#f+ *#$.O !H6P2M+ %$3\( 69 Y$.,/ L26[A !% 2% 5%: *#$.O= 3#6[+ 4+6h .  rt> 4G)>*#$.O =#:  *W>6U/ 6P2M+3A .6,#H u

$fJ$ 6+ *; %$% B68#H2.A "9 3q2%  *#$.O =#:  6P2M+*#$.O 4G)> !#:=  "P6;=/ Y  3+6Hj<' $HWi 2.A ^0 2% "P6; j'\= 

+'S.FU/ :$ ),8 NaCl + CaCl2 4>$ .2.A 2%9  ),8'+ 96P *#$.O 4G)>#:=  "P6;H$ ! 4J6H$)+ E:Z B6/: )/$ j9 

*#$.O=#: $fJ$ $2H%$% " .6,#H6/:0 uH "*#$.O =#:  D6- 2% f'#( 6( RQJ 6P2M+ *; %$% B68#' 26[13 >%= ),/ )+ r?[H:  

*#$.O =#: o+6d Y.Wd= 3#2$%  3q2% 3\+ *+ B0 :$ !*#$.O =#: / "P6; v3A *+= H63+  *+*#.@ $9 ( 2% *;' 26[23 >%=  )+ r?[H:

 ),/6P2M+9 # *#$.O .Of%3#. $H3N jHY% *+ 53')h$ o o'X#6,N )(6/H 6P2M+ R>.( ^0 ^MO )+ D6- mB!fJ$  m',[>$ )h$ )+

 2.A R'U/ *8H24>$.   
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%3AP3  

 9$)+ m8- *['# ! m8- yi6?/ 2%=+6',>%  *+

 9%6T,d$ 3'Y.(8Q# 926'+0= jH%6'?+ %2$% .6G 2% lC/ o/

926'+0 v6'F[G =+6H:2$6>6?A  H# 56'@ "?;$! = *+ 4WX

 ^04>$  j<'Y ^0 B.x m[# 9$2$% 926'+0 96P  96P

 2$)d =>2)+ %2./ 3H6+ f'# 92.A B6/f[P  3?,XP S.FU/

%)'@ .:$2% 2% *_#6?x   %)'7# E6c#$ =eIq$ v6'F[G v3/

! 53A *,A6W#$ D6- 2% 926'+0 ^0 2% %.O./ nI/$2%

j[z 4H6C#   %)<F[G "P6; 4>$ j<[/ &H)k( {G6+

 D6- .A#3.6>6?A $MYH 92.A *+ 4WX# 56'@ "?;$! =

4>$ ^0 =,H)H3/ v6'F[G =+6H:2$ 2% =[C/ o/6G.  92.A

56@3H% :$ D6-  %2./ B$)78P!aN R>.( =pF,k/ 96P

4>$ *,J)@ 2$)d =>2)+ .B$)78P!aN =-)+ )Asadi

Kapourchal et al., 2011; Asadi Kapourchal et

al., 2012 (92.A |.z./ *+ *+ ! =H$%:D6- jH$ 9:6>  6P

2.g?/ *+  B6P6'@ 3A2 9$)+ &>6?/ =}'U/ *+ =+6',>%

*,-$%)N 3#$ . B$)78P!aN :$ =-)+)Esmaili et al.,

2005; Esmaili et al., 2008; Hosseini et al.,

2009a,b,c (D6- jH$ 9f'kFq6e  )q6?G "?<[P)+ ! 6P

5%$% 2$)d =>2)+ %2./ $2 92.A 6+ =H$Mb 3#$ . :$ =P!)@

 B$)78P!aN)Homaee et al., 2002 a,b,c,d; 

Homaee and Schmidhalter 2008; Kiani et al.,

2004; kiani et al., 2005a,b; Kiani et al., 2006; 

Noroozi et al., 2012  (S3/ f'#  *+ 56'@ K>6N 9:6>

S3/ ! 5%$% 2$)d *O.( %2./ $2 92.A  B6P6'@ 9$)+ =H6P

5%); %6C?8'N 3#$ .*+ b2"P!aN jH$ =@%),X@ l  K>6N  6P

 2$)d *O.( %2./ ),[; 3A2 ~F,k/ oe$)/ 2% B6P6'@

4>$ *,J)@ ."P!aN  )+ �.T- jH$ 2% 53A E6c#$ 96P

"P!aN *+ )TU?/ vIb 9!2  =YIO R>.( *; 4>$ =H6P

 B$26<[P !)Jalali et al., 2008a,b; Jalali et al.,

2010 ( B$26<[P ! v%6\> !)Saadat et al., 2005 ( )+

*J.FG E.@2.> 9!2 4>$ 53A E6c#$ $fF; ! 9$ . *O.( 6+

 E%)/ :$ 9%6H: "k+ =Fq$ 9$Mb vIb *<?H$ *+

=/ j'/`( $2 6/ 2.8; ;? K>6N *; 6c#0 :$ ! 3?B0 6P  *+

 3A2 ~F,k/ oe$)/ 2% 926'+0 ^0 ! D6- 92.A

"P!aN E6c#$  4>$ v!6p,/  26'X+ *?'/: jH$ 2% =H6P

4>$ 92!)z.

.O*#$ #:N =3H53 $9 N'_' 53�( )+ o[,8/'' v$)

J'fH�.Y.H+ ! m'A.'['6=H  B3A S6\J oq6e *; 5%.+

?O'4>$ j. 2.A9 B$.?G *+ Hb "?( m'53#: )  

I/6#Hv6[ 926'X+ $)+ $29  52!% 2% 6P2M+*#$.O =#: $H %6c

/= ;3?.  6P2M+ R>.( ^0 ^MO "P6; {G6+ $3,+$ 2% *+

Y%'o X#6,N'f[>$ o9  j'H6N2% U/'! 53A R  *Fe)/ 2%

[> {G6+ E!%�'$ ! 4H�( %6c'' ) 2%Y6\J'4 6P9 f#0H[= 

/= %.A )Massai et al., 2004.(  

D6-  S.FU/ nI/$ 9%6H: )H%6Q/ 2.A 96P3#2$%  *;

B.'(6; B.'#0 ! 6P  &Y6b 96PB0 6P   $2Na+  Ca2+  Mg2+  

K+ Cl-! SO4
2-

 =/ o'<8( 3?P% .3A2 D3#$ .[# !

 B6P6'@D6- 2%  9f[>$ 268J B%.+ Z6+ *+ �.+)/ 2.A 96P

B.H 2.�e :$ =A6#  *+ )c?/ V6,H6C# *; 4>$ 53A %6H 96P

'F+6d "P6;=/ 56'@ 9$)+ %.O./ ^0 5%6p,>$ 4 %.A 

)Homaee, 2002.( �'[> j'?_[P :$ =A6# l'Q,X/ 4

 jH$ :$ =-)+ B$!$)J 2.�eHB. 6P  =p?/ )h$ 56'@ )+

/= %2$M@ . j'?_[P $)J :$ mH )P =WX# =#$!B0 6P  )c?/

%.O./ S%6\( B%2.- lP)+ *+  o-$% 2% )q6?G jH$ B6'/

=/ 56'@ .A! "?;  %$!"?; *#.@ *+ *Fq6e 96P  9$

=/ v2.q %)HMN 9$)+ 4H%!3U/ %6cH$ fO =/6c#$)> *;

4A$% 3?P$.k# 56'@ 3A2 )Homaee, 2002.(  

2.i *+ $2$% %.- =@3#: B$2!% S.i 2% B6P6'@ =F; 9

#$.O 3A2 *Fe)/ *> =8H$: 3A2 ! =8H!2 3A2  B%: *

=/ 3?A6+ .A *+ 56'@ 4'>6Xe V6[�$% 3A2 oTJ =i  92.

=/ )''�( 3?; . E!6Q/ B%: *#$.O *Fe)/ 2% B6P6'@ ),8'+

 3?,XPY'j< 2% ! *_P6'@ 2.C� 52!%  3A2 *'Y!$ oe$)/

6'@=/ &'>0 �)\/ 2% ! 5%.+ 16Xe *_P 3?A6+ 

)Rhoades, 1999 .(:$  *#$.O 2% )'-`(  92.A *'Y!$ 26h0

4>$ *#$.O B3A ~'\z ! *_P6'@ 2.C� ! B%: . %2$! B6H:

 2% $2 56'@ l;$)( 4>$ j<[/ 16Xe *Fe)/ jH$ 2% 53A

 *+ $2 %)<F[G 2$3Q/ V6,H6C# ! 5%$% "P6; �}> 3e$!

*#.@ $9 =?\/ 2$% 3P% "P6; .6+ VZ.[\/'@ j> "H$fJ$ 56 

fJ$ 92.A *+ B0 4/!6Q/=/ "H$  3+6H)Homaee, 2002.(  

5$2 jH)()h�/ :$ =<H   92.A *FwX/ 6+ *F+6Q/ 96P

4>$ 92.A *+ E!6Q/ B6P6'@ =H6>6?A . L2$f@ j'?_[P

*#.@ j'+ 2% 6C?( *# 92.A *+ 4/!6Q/ *; 53A 96P

 ~F,k/ E6d2$ j'+ 2% *<F+  4>$ v!6p,/ vZ.TU/ ~F,k/

%2$% v!6p( *#.@ mH )Yeo and Flowers, 1982; 

Heuer and Plaut, 1989; Botia et al., 1998( . B!fJ$

92.A *+ B6P6'@ o[U( lP ! 4'>6Xe lP  jH$ )+
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U/ |.# 16>$ )+ 4>$ j<[/'  48; R2.A |.#9  !

@ 3A2 *Fe)/'3A6+ v!6p,/ 56 ./67?P= *; @' �)\/ 2% 56

2.A9 $H R>.( 53A %6cNaCl 0)J  4>$H6P3?9  S6Q,#$

! ^0 HB. 6P 2% @'56 h`( 4U(') / 2$)d B0= @')# *; 3

\z! 4>$ j<[/'M�( 4H*  $9 !  S%6\(H#.= @' lC+ $2 56

3#: )Lauchli and Epstein,1990( H$ 6H*<? $)JH6P3?9 

J'fH�.Y.9 @'.A o,k/ 56#3 )Seeman and Critchely, 

1985; Munns and Termaat, 1986(.  

<>Z!f(26;= ;6NI; != )Chartzoulakis and 

Klapaki, 2000(  opFJ 3H)W'P 2% 92.A *+ o[U(i= 

 52!%*#$.O =#:8H!2 3A2 ! *_P6'@ 3A2  $2 =  48; 2%

#.N!23'P3#%); *\Y6}/ m' . R>.( 92.A 96P26['(

9!6e *; 3?F@.P S.FU/ 6+ 926'+0   )pq10  25  50  

100 ! 150 =F'/  Z./2  m[#NaCl 3#3A S6[G$  3#%.+ .

 6( 92.A 96P26['(�}>mM 50 *#$.O =#: `( *+ $2'- )

3?,-$3#$  j<'Y *#$.O =H6C# 3q2% 3#%$3# "P6; $2 =#: . 2%

ld2 !% )P   3q2%*#$.O =#:  9!6e 96P26['( 2%100 ! 

150 mM 4J6H "P6; .92.A 6+ *_P6'@ 3A2  )(Z6+ 96P

:$mM 10  m[#NaCl + *(2.q= ?\/= 2$% 4J6H "P6;.  

 ! o'[OB$26<[P )Jamil et al., 2005(  *+ 4/!6Q/

2.A9 =i *#$.O #:= @ 3A2 *Fe)/ !' *_P6 $2$)+9 

*#.@ 6P9 >$)+' 6<o/6A ! lF; o@  lF; $fF; :2$H+6=! 

 L2$f@3#%);  *;('6[26P9 2.A ~F,k/9 $2$%9  )h$

o+6d CO.(= !29 *#$.O =#:2 ! *d6> S.i  H *8  )( B:!

2 ! *d6>H*8 %$3\( ! �)+ �}>  �)+ 6P9  lF; ! lF; o@

$fF; =/ 3?A6+. *#$.O 3q2% #:=  "P6; *#.@ *> )P 2%

CO.( o+6d= $fJ$ 6+ $2H2.A "9  �}> 6(1/14 

>%= :H)+ r?[m[# ),/ NaCl %$% B68# .$fJ$ 6+H "

2.A9 $)+ E:Z B6/:9 *#$.O #:= $fJ$H "H4J6 . 3A2 *Fe)/

@'+ ld2 *> )P 2% *_P6 *(2.q= ?\/= 2$%( 4U(` )'h

%.+ 92.A n.}>. [e$ ! 3B$26<[P )Ahmad et al.,

2003( *#$.O K>6N #:= $)+9 15 (.#�' � %2./ $2 .O

2$)d *\Y6}/ 3#%$%. $ 2%H6/:0 jH( *> "'2.A 26[9 

 3P6AMPa 60/.- ! MPa75/.- $)+ E$3; )P9 

m[# 6P9 NaCl ! Na2SO4 3#3A 5%6p,>$ .B0 6P  *?/$%

>!'\= K>6N :$ / 2% 6P' B615 (.#�'.O � +5aH! * $)+9 

 3q2%*#$.O =#:  2 S.iH*8 > ! *x*d6 *x  $2 m8- B:! !

5%); L2$f@ *; 3#%$% B68# ! )Q(HV6W  2% %2./*[P 

6P),/$26N9 *#$.O #:= 2.A9 A6#= :$ X+ )F;'^)k/ 26 :$ )( 

2.A9 A6#6pY.> :$ =4>$ v.  

6,#H uH!2 *\Y6}/ m9 %$3\(9 *J.FG :$ 6P9 \()/= 

$H*d6> S.i *; %$% B68# B$) 2 S.i *+ 4WX# *xH*8  *x

2.A *+ ),[;9 4>$ 16Xe ![> )h$�'m[# 4 6P9 !6e9 

+ ! v6?+);=  v6?+);)+ *J.FG 6P9 \()/=  *+ 4WX#

m[# 6P9 !6e9 )F;HX+ 3'?\/ 26= 4>$ )(2$% )Jafari,

1995(.  

 93WG)Abdi, 2000 ( *#.@ *> 92.A *+ 4/!6Q/

%); *\Y6}/ $2 23WA .=?\/ "P6; 9! 92$% 2% $2 

*#$.O 4gFb 2% 23WA 96P2M+ =#: 6P  L2$f@ m[# 9Z6+ 9

%); .*geI/ o+6d v!6p( j'?_[P y'QU( jH$ 2%  2% 9$

*#$.O *#.@ :$ E$3; )P =#: 3/0 4>% *+ 6P.  

 B$26<[P ! )F'/)Miller at al., 1978 ( v$)h$

m[# |.# "A 92.A )NaCl  Mg2SO4  Mg2Cl2  

Na2SO4  K2SO4 ! KCl( *#$.O )+ $2  *J.FG |.# *> =#:

 *Y6> 3?x)Tall Wheatgrass, Tall Festuca and 

Reed Canary Grass ( *; 3#%$% B68# ! 5%); "H6/:0

*#.@ j'+ o+6Q,/ )h$ =?\/ m[# ! 6P 4>$ 2$% . j'?_[P

*#.@ K>6N  j<'Y  %.+ v!6p,/ m[# ~F,k/ n.}> *+ 6P

m[# *#$.O 9!2 *+68/ )h$ 9$2$% ~F,k/ 96P 3#%.+ =#: .  

 vIb 5)'( lC/ B6P6'@ :$ E3?@ 3?#6/ f'# .O

Gramineae   *H%2.P *pH6iHordeae  r?O !

Hordeum  =[FG E6# 6+Hordeum Vulgar 4>$ . .O

=/ 26[A *+ 92.A *+ E!6Q/ B6P6'@ fO 3H0 . .O 4/!6Q/

 4>$ E3?@ :$ ),8'+ 6/)@ ! =<8-  92.A "?( o+6Q/ 2%

C+ $2 =}'U/ 9.O 3G6X/6# RH$)A !=/ o[U( ), 3?;.  

 E3?@ :$ "'+ &($)/ *+ .O 2% *#$.O 3'Y.( 4G)> ! v23d

 *+ E3?@ *+ 4WX# *#$.O 3'Y.( *Fe)/ 2% .O j<'Y  4>$

16Xe 6/)> 4>$ )(.  

*#$.O =>2)+ 9$)+ 53A E6c#$ j'8'N v6\Y6}/  =#:

^0 6+ V6(3[G  92.A *+ ~F,k/ B6P6'@ 2M+  2.A 96P

*,J)@ E6c#$ =G.?T/ [\/ *; 3#$ &';)( 9$2$% VZ.

m[# 96P NaCl  !CaCl2 =/  *+ *O.( 6+ $MY �3?A6+

 =\'Wi 2.A ^0 ! =G.?T/ 2.A ^0 =#.H v!6p,/ &';)(

=/ 26g,#$ *#$.O *Fe)/ 2% 56'@ "?;$! *; %!2  jH$ *+ =#:

3A6+ v!6p,/ ^0 &';)( |.# !% . jH$ 2% 2.g?/ jH3+

"H6/:0  "P!aN *#$.O *Fe)/ 96P "H% 9),N 2% =#:  6+
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3A E6c#$ =\'Wi 2.A ^0 ! =G.?T/ 2.A ^0 . E6c#$

*#$.O "H6/:0  "?;$! =\d$! )7?H6[# "H% 9),N 2% =#:

 D6- 2% *<#0 *x 4X'# D6- =\'Wi R'U/ 2% 56'@

*#$.O  2.A S.FU/ :$ =A6# 9f[>$ o'X#6,N )+ B!fJ$ =#:

h`( 4U(  53A 5%6p,>$')  mH)(6/ o'X#6,N 3/6O v$2�

/ 2$)d f'# D6-= @'%) . jH$)+6?+  )+ B!fJ$ =/.> "H6/:0

 $)O$ ! =e$)i =FWd "H6/:0 !%A*#$.O B0 2% *; 3  =#:

)}d 6+ =Tk8/ �!)� 2% 6P2M+ cm 15 y[G !cm10 

3A =>2)+ 3#%.+ D6- 9!6e *;.  

Q;! ; -'(3 /F  

  9$2$% "P!aN jH$ 2% 53A 5%6p,>$ =G.?T/ 2.A ^0

=;$ &';)( !m[# )+$)+ BZ$ 6P9 NaCl !CaCl2 %.+ . ^0

 :$ f'# 53A 5%6p,>$ =\'Wi 2.A[d *#6-%!2 ]d$! %!) 2%

3A *'C( ld B6,>$ . 93\+ *Fe)/ 2%*#$.O 2% 6P2M+ =#:

3A =>2)+ D6- . 6+ =\'Wi 2.A D6-  53A 5%6p,>$ D6-

 4J6+loamy sand  9$2$% !EC  6+ )+$)+ |6WA$ 526TG

85/3  )+ r?[H: =>% B6,>$ %!)[d "k+ :$ *; %.+ ),/

3A *'C( ld .S!3O 2%1  =H6'['A ! =<Hf'J *Hfc( uH6,#

4>$ 53A 5%2!0 B./:0 %2./ D6-.  

0;' RD/3*:  

$H6/:0 jH "6+ "H% 9),N 2%  9!6e 2.A ^0 26['(

$ 4WX# :$ )+$)+ BZ$! =;m[# 6P9 NaCl ! CaCl2 2%

VI/6; n)i &Y6d =J%6T(  6+13  ! 26['(3 $)<(3A E6c#$ 2 .

^0 o/6A =8H6/:0 96P26['( =<H),<Y$ 4H$3P 6+ 2.A 5  

7  9  11  13  15  17  19  21  23  25 ! 27 

=>%  ),/ )+ r?[H:%.+ . j'?_[P 6+ 9)CA ^)A ^0

=<H),<Y$ 4H$3P 0055/0 =>% ,/ )+ r?[H:B$.?G *+ ) 

(' 2% 3P6A 26[#3A *,J)@ )g. "H% 9),N  53A oH),>$ 6P

 %3G mH ! 526[A j[($! Mb6;42 B0 :$ E$3; )P 2%  2$)d 6P

3A 5%$% . %$3\(20  9),N :$ E$3; )P 2% .O lY6> 2M+ %3G

"H%  "H% 9),N )P *+ ! 4J)@ 2$)d 6P10  ^0 ),'Y =F'/

 6+ 2.AEC 3A *J6z$ sk8/ . 53A 5%6p,>$ 96P2M+

�26d R>.( 3#3A =#.pG 3z lH:$3?+ 26; "; . mH rt>

!2 =J6q Mb6; *HZ "H% 9),N 2% ! 5%$% 2$)d 6P2M+ 9

B0 9!2 3A 5%$% 2$)d ."H% 9),N $ *+ 6P( oQ,?/ 3A2 md6

$ 96/% ! 53A( 9!2 3A2 md624 ,#6> *O2%= %$)@  l'g?(

3A .  

5%: *#$.O 96P2M+ L26[A   )P ! *#$:!224  4G6>

<H3A E6c#$ 26W .*; 3A �Ii$ 92M+ *+ 5%: *#$.O 2M+ 

*8H2 *x ! sk8/ VI/6; $)'+ 2M+ :.+ 53/0 B!% . B.x

2% m[# B$f'/  9),N )P=/ =d6+ 4+6h "H%  2% $MY 3#6/

=(2.q9),N ^0 *; "H%  :$ E$3; )P *+ %.A )'kW( 6PB0 6P 

 *J6z$ )}Q/ ^0 =Tk8/ 2$3Q/ RQJ3A. $)+6?+Hj  9)X<H

9),N  ^0 9!6e 6C?( *; "H%m[# B!3+  j'+ 2% %.+

6P26['( '>! jH3+ 6( 3A 5%$% 2$)dB$f'/ *F  �}> :$ *; =+0

=/ )'kW( 6P26['( %.A  rt>  %.A j''\( ^0 B$)WO 9$)+

9),N :$ 53A )'kW( "H% W( ^0 5:$3#$ *+ 6P :$ 53A )'k

9),N "H% 6P9  3P6A)=Y6- ^0 9!6e ( *+  26['( )P *+

 *J6z$ )}Q/ ^0 5:$3#$ B6[P3A. 5%$% 4Wh ! L26[A 6P 

=/67?P  ~d.,/ A *; 3*[P  6P2M+ 6H *#$.O3#%.+ 5%: !  6H

%: *#$.O 96P2M+ %$3\(H =Y$.,/ L26[A !% 2% 5.+ B6X<% .  

S;- RD/3*:  

 "H6/:0 jH$ 2%*#$.O 9),N 2% .O 96P2M+ =#:  "H%

 2$)d =>2)+ %2./ =\'Wi 2.A ^0 96P26['( )'h6( 4U(

4J)@ .53A 5%6p,>$ 2.A ^02% ^0 mH *; "H6/:0 jH$

[d *#6-%!2 :$ =\'Wi 2.A %!)# 6+ %.+4WX 8/ 96Pk 6+ s

 *'C( :6'# %2./ 2.A ^0 96P26['( 6( 3A �.Fk/ )CA ^0

%.A . *Fe)/ S!$ "H6/:0 3?#6/ 6P26['( ! "H6/:0 =e$)i

*#$.O =/ =#: 3A6+ .H6/:0 jH$ 2%5%$% 4Wh f'# "  )P 6P24 

<H 4G6> E6c#$ 26W 3A .9),N B%); 5%6/0 :$ rN  2$)d ! 6P

0 96P26['(  6P2M+ B%$% 2% ! oQ,?/ 3A2 md6($ *+ =8H6/:

 96/%24 =,#6> 3#3A 92$3C7# %$)@ . =#6/: L26[A

 %$3\( *<?H$ 6H 5%: *#$.O 6P2M+ =/6[( *; 3A ~d.,/

=Y$.,/ L26[A !% 2% 5%: *#$.O 96P2M+ B6X<H 3#6/ =d6+.  

 S!3O1- =@aH! =-)+ 6P9 D6- =<Hf'J ! =H6'['A "H6/:0 %2./  

Table 2. Some chemical and physical characteristics of experimental soil

 SP 

(%) 
pH 

EC soil 

(dS.m-1)

OC

(%) 

T.N.V 

(%) 

KPCuMn FeZnCaMg 

mg.kg-1meq.lit-1

21.36 7.8 3.85 0.039 9.25 77.6 1.02 0.26 1.42 0.9 0.1 34 4
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S(  RD/3*:  

 *#$.O E.> "H6/:0 2%  =#:6P2M+ B$3F@ 2% 6P=H  6+

}d) cm 15 y[G !cm10  D6- 9!6e *;loamy 

sand 3#%.+ 3A =+6H:2$ . 96P26['($H j ^0 6+ "H6/:0

Wi 2.A S6[G$ =\' 3A .6P26['(92.A 9  o/6A5  7  9  

11  13  15  17  19  21  23  25  27 =>%  )+ r?[H:

 ),/=<H),<Y$ 4H$3P 6+ )CA ^)A ^0 26['( mH ! 550 

 !)<'/  ),/ )+ r?[H:2% 3P6A 26['( B$.?G *+  *,J)@ )g#

 3A .rt>   %$3\(20  2% .O lY6> 2M+B$3F@ 6P=H  *;

6e3A 48; 3#%.+ D6- 9! . :$ rN *; 4>$ );� *+ E:Z

 jH$ 2% D6- j,kH2B$3F@ 6P   )P E$3; %2./ 96P26['( 6+

 )g#*>  4-$.?<H D6- R'U/ 92.A 6( 3#3A =H.8+0 26+

53A =8H6/:0 96P26['( 92.A *+ !  mH%f# 926'+0 ^0

.A%. $H6/:0 jH 2% ! *#6kF@ 2% "24  *O2%,#6>= %$)@ 

3A E6c#$.  4+.i2 2$3Q/ j'?_[P4'J)� 2% D6-  =G$2:

 :$ 5%6p,>$ 6+3A j''\( 5678H6/:0 2% =#:! L!2.  jH$ *+

;6- *#.[# *; v2.q= 8<P: B6</$ *; B$3F@ mH 2%=  :$

"k+ =?'H6N  B04A$% %.O!  |6WA$ VI/6; 6+ B0 9!2 !

# *HZ mH3A 53#6A.N B.FH6  6( )'kW( :$ B$3F@ �}> :$ ^0

%.A 9)'@.FO . v3/ *+ *#.[#24  5678H6/:0 2% 4G6>

 ! %.A �26- VI/6; B0 =FQh ^0 6( 3A 5%$% 2$)d D6-

 B$3F@ *+4'J)� 3>)+ =G$2: . D6- :$ *#.[# mH rt>

*+ jH:.( :$ rN ! *,A$%)+ $2 ^.i)/  v3/24  2% 4G6>

 96/% 2% B!0105 O2% 2$)d * 5%$%26+!% ! 5 jH:.(3A . 6+

 =Y6- 9fFJ j'( B:! j,A$%92$%)+ *#.[# 4+.i2  

=G$2: "H6c?@ )H: *}+$2 :$ 4>$ *W>6U/ o+6d :  

  

)1(      m8- D6- B:!/^0 B:! = =#:! 4+.i2=
AC

CB

 

 
 

 B0 2% *; A  9fFJ j'( B:!  B 9fFJ j'( B:! *+

5$)[P ^.i)/ D6- B:! ! C  9fFJ j'( B:!6+  D6- B:!

B!0 2% 53A m8- /= 3A6+.  

 L!2 jH$ 6+ D6- =#:! 4+.i2165/0 3A j''\( .

B$3F@ =+0 :6'# *W>6U/  16>$ )+ 6P70 % "H6c?@ 4+.i2

B$3F@ ! 5%.+ =G$2: 3#3A jH:.( *#$:!2 v2.q *+ 6P.  2%

*#$.O 96P2M+ L26[A f'# 6c?H$  =#6/: oq$.J 6+ 5%:24 

mH 4G6> 26+  ~d.,/ =/67?P 6P2M+ L26[A ! E6c#$  3A

*#$.O 96P2M+ %$3\( 6H ! 5%: *#$.O 6P2M+ E6[( *;  2% 5%:

B6X<H =Y$.,/ L26[A !% %.+.  

*#$.O 3q2%  v68H6/:0 E6c#$ :$ rN  ! =H6C# =#:

*#$.O 4G)> 6+ r#6H2$! *Hfc( S!3O ! *W>6U/ =#: 

E)# :$ 5%6p,>$  2$fJ$SPSS j'7#6'/ ! *W>6U/ 6P  5%6p,>$ 6+

*?/$% 3?x B./:0 :$ 3#3A *XH6Q/ j<#$% 9$ . *W>6U/ 9$)+

*#$.O 4G)> L!2 :$ =#:  Maguier)1962 (3A 5%6p,>$:  

  

)2      (                           !
"

"
n

i I

I
s

D

S
R

1

  

  B0 2% *;Rs *#$.O 4G)>  =#:)6P2M+ %$3\(9  *#$.O

4G6> 2% 5%:(  Si%$3\( $.O 96P2M+*#   L26[A )P 2% 5%:

Di L26[A 6( 4G6> %$3\( n!  E$n  L26[A v6\J% %$3\(

4>$.  

  

TD/>&  

0;' RD/3*:

 =G.?T/ 2.A ^0 96P26['( )h$ r#6H2$! *Hfc( uH6,#

*#$.O )+  S!3O 2% .O 96P2M+ =#:2 4>$ 53A *�$2$ . 6+

 S!3O *+ *O.(2=?\/ 9)h$ 92.A 96P26['(    )+ 2$%

*#$.O "P6; 2M+ =#:3#2$% .O 56'@ 96P . o<A1  3q2%

*#$.O =H6C#  :$ rN $2 .O 96P2M+ =#:288  4G6>)12 

:!2 (=/ B68# 3P% .*#$.O 3q2% v!6p(  96P26['( j'+ =#:

 26['( 6( 3P6A 26['( :$ 92.A "H$fJ$ 6+ 92.A25 

=>% =?\/ ),/ )+ r?[H:  92.A "H$fJ$ 6+ j<'Y  5%.W# 2$%

*#$.O "P6; =?\/ 6P2M+ =#: %4>$ 2$ . 2% "P6; jH),8'+

*#$.O 3q2%  26['( 2% =#:27 =>%  ! ),/ )+ r?[H:38 

4>$ 3q2%.  

 o<A2  3q2% )+ =G.?T/ 2.A ^0 96P26['( )h$

*#$.O  :$ rN $2 =#:144  !192 "H6/:0 :6b0 :$ 4G6> 

=/ B68# 3P% .-`( o<A jH$') *#$.O 2%  "H$fJ$ 6+ $2 =#:

=/ B68# 92.A 3P% ..A "H$fJ$ 6+ %$3\( j'+ v!6p(  92

 2% 5%: *#$.O 96P2M+144  !192  :6b0 :$ rN 4G6>

4>$ 53A ),8'+ "H6/:0 .*,J6H 6+ v$3P68/ jH$ )7H% 96P 

 E:Z B6/: 92.A "H$fJ$ 6+ *<?H$ )+ =?W/ B$)78P!aN

*#$.O 9$)+ =/ ),8'+ 2M+ =#:  %2$% 926@:6>  %.A

)Chartzoulakis and Klapaki, 2000; Jamil et al.,

2005 .( o<A 2%3*#$.O   2% .O 96P2M+ =#:
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S!3O 2-  )+ =G.?T/ 2.A ^0 )h$ r#6H2$! *Hfc(*#$.O =#: .O  

Table 2. Statistical analysis of the effects of artificial saline water on Barley 

germination

P-value  2$3Q/F
v6\+)/ j'7#6'/

)MS(

v6\+)/ ][O 

)SS(

:0 *O2% 9%$  

)df(
S.O.V) (

v$)''�( ]W?/  

0.001 4.027** 
8.363 100.359 12Treatment 

26['(  

2.077 5426Error 
6}-  

154.359 38Total o;
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 o<A1 -  3q2%)+ =G.?T/ 2.A ^0 96P26['()h$*#$.O =#:.  

Figure 1. The effect of artificial saline water on germination percentage.  
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Figure 2. The effect of artificial saline water on 

germination percentage 144 and 192 hours after test.

o<A 3 - )'-6( 92.A "H$fJ$ 6+ =#: *#$.O 2%96P26['(^0

 2.A=G.?T/.  

Figure 3. Delay in germination by increasing salinity 

of artificial saline water treatments.
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 96P26['(0  7  15  !21 =>%  )7H3<H 6+ ),/ )+ r?[H:

53A *XH6Q/ 3#$.  9$)+ E:Z B6/:  o<A jH$ *+ *O.( 6+

*#$.O B$f'/ )�;$3e *+ B3'>2 j'H6N 96P26['( 2% =#:  )(

4>$ ),[; 92.A . *#$.O 96P2M+ =H6C# %$3\( j'?_[P

j'H6N 96P26['( 2% 5%: $ ),8'+  92.A )(4>.  

S;- RD/3*:

 S!3O 2%3  ^0 96P26['( )h$ r#6H2$! *Hfc( uH6,#

*#$.O 3q2% )+ =\'Wi 2.A  5%$% B68# .O 56'@ 2M+ =#:

4>$ 53A.96P26['(=?\/ 9)h$ =\'Wi 2.A ^0  )+ 2$%

*#$.O  3q2%  92.A "H$fJ$ 6+ ! *,A$% .O 96P2M+ =#:

*#$.O 96P2M+ *,J6H "P6; 5%: 3#$ . o<A4 26['( )h$ 96P

*#$.O =H6C# 3q2% )+ $2 =\'Wi 2.A ^0  :$ rN =#:288 

=/ B68# 4G6> 3P% .*#$.O 3q2% v!6p(  96P26['( 2% =#:

=?\/ 92.A ~F,k/  96P26['( )h$ j<'Y  4>$ 538# 2$%

*#$.O 3q2% "P6; )+ 2.A ^0 =?\/ .O 2M+ =#: 4>$ 2$% .

*#$.O 2% "P6; jH),8'+  26['( *+ �.+)/ =#:27  =>%

?[H: *; 5%.+ ),/ )+ r35/38  3q2%4>$.  o<A5 

*#$.O  $2 .O 96P2M+ =#:144  !192  :6b0 :$ rN 4G6>

=/ B68# "H6/:0 3P% . %$3\(  92.A j'H6N 96P26['( 2%

 5%: *#$.O 96P2M+144  !192  "H6/:0 :6b0 :$ rN 4G6>

3#2$% =[; 26'X+ v!6p( 6H ! 3?#6X<H 6H )7H3<H 6+ . j<'Y

6+ 96P26['( 2%  5%: *#$.O 96P2M+ %$3\(  ),8'+ 92.A

192  B68# *; 4>$ ),8'+ "H6/:0 :6b0 :$ rN 4G6>

-`( 53?P%')  2%*#$.O =#: 4>$ 92.A "H$fJ$ 6+ 6P2M+ .

 o<A6 *#.@ *+  5%.+ &F}/ j'[P 3H./ f'#  2% *; 9$

 *+ B3'>2 9$)+ E:Z B6/:  j'H6N 92.A 6+ 96P26['(

%: *#$.O 96P2M+ %$3\( )�;$3e E:Z B6/: v3/ :$ ),[; 5

*#$.O )�;$3e 9$)+ 92.A 6+ 96P26['( 2% =#: 4>$ ),8'+ .

 96P26['( 2% 5%: *#$.O 96P2M+ %$3\( )�;$3e  j'?_[P

 ^0 j'H6N 96P26['( 2% 2$3Q/ jH$ :$ ),[;  )(Z6+ 92.A 6+

4>$ 2.A.  
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 o<A4 -  3q2%)+ =\'Wi2.A ^0 96P26['()h$*#$.O =#:.  

Figure 4. The effect of natural saline water on germination percentage.

 S!3O3-  )+ =\'Wi 2.A ^0 )h$ r#6H2$! *Hfc(*#$.O =#: .O  

Table 3. Statistical analysis of natural saline water on Barley germination  

P-value  2$3Q/F
v6\+)/ j'7#6'/ 

 )MS(

v6\+)/ ][O 

)SS(

 9%$:0 *O2% 

)df(
(S.O.V) 

v$)''�( ]W?/  

0.00 6.093** 
11.24 134.97 12Treatment 

26['(  

1.84 4826Error 
6}-  

182.97 38Total o;  
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     S!3O4- *#$.O )+ D6- 92.A )h$ r#6H2$! *Hfc( .O =#:  

Table 4. Statistical analysis of soil salinity on Barley germination  

P-value 
2$3Q/F v6\+)/ j'7#6'/

)MS( 

v6\+)/ ][O 

)SS( 

 9%$:0 *O2% 

)df(  
S.O.V) (

v$)''�( ]W?/ 

0.00 212**222.8 2674.56 12  Treatment 26['(  

   1.051 27.33 
26Error  6}-  

 2701.89 
38  Total  o;  
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o<A 7 -  3q2%)+ 2.A D6- 96P26['()h$*#$.O =#:.  

Figure 7. The effect of soil salinity on germination percentage.

  

S(  RD/3*:

 S!3O 2%4  D6- 96P26['( )h$ r#6H2$! *Hfc( uH6,#

*#$.O )+ =\'Wi 2.A 4>$ 53/0 .O 56'@ 2M+ =#: . 6P26['(

*#$.O )+ =?\/ 9)h$ 6P2M+ =#:  92.A "H$fJ$ 6+ ! *,A$% 2$%

*#$.O 96P2M+ %$3\( D6- H "P6; 5%:4>$ *,J6 . o<A7 

*#$.O =H6C# 3q2%  B68# $2 2.A D6- 96P26['( 2% =#:

o<A5- *#$.O 3q2%)+ =\'Wi 2.A ^0 96P26['()h$#:= 144 

 !192 "H6/:0 :$ 3\+ 4G6>.  

Figure 5. The effect of natural saline water on 

germination percentage 144 and 192 hours after test. 

 o<A6  - )'-6( ^0 96P26['( 92.A "H$fJ$ 6+ =#: *#$.O 2%

2.A =\'Wi.  

Figure 6. Delay in germination by increasing salinity 

of natural saline water treatments.
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=/ 3P%.  6( )pq 96P26['(15 =>% v!6p( ),/ )+ r?[H: 

=?\/  *,A$3# 92$%  =(!6p( 9$2$% )(Z6+ 96P26['( j<'Y

=?\/ 3?,XP )7H3<H 6+ 2$% . *; 4>$ jH$ *O.( o+6d *,<#

*#$.O 2%  ^0 6+ *XH6Q/ 2% D6- 2% =#: ! =G.?T/ 2.A

 93e 6( 92.A "H$fJ$ 6+ 5%: *#$.O 96P2M+ %$3\(  =\'Wi

 96P26['( 2% 4H6C# 2% ! 5%); 4J$23  25  !27  =>%

=/ )pq *+ 5%: *#$.O 96P2M+ %$3\( ),/ )+ r?[H: 3>2 .

 %6cH$ 2% D6- mH)(6/ o'X#6,N )h$ 53?P% B68# 53H3N jH$

)+ B!fJ$ 6P2M+ R>.( ^0 ^MO 9$)+ 4H%!3U/  )h$

4>$ 92.A 96P26['( 9f[>$.  

 o<A8  :$ rN $2 D6- 2% 5%: *#$.O 96P2M+ %$3\(

144  !192 =/ B68# "H6/:0 :6b0 :$ 4G6> 3P% . %$3\(

*#$.O 96P2M+  92.A j'H6N 96P26['( 2% 5%:)( 6('26[ 11 

=>% ),/ )+ r?[H: ( 2% j<'Y  *,A$3# =(!6p( )7H3<H 6+

*#$.O  )(Z6+ 96P26['( + =#:-`( 6')  %$3\( ! 53A E6c#$

*#$.O 96P2M+  5%:192  4WX# "H6/:0 |!)A :$ rN 4G6>

 *+144 4>$ ),8'+ "H6/:0 :6b0 :$ rN 4G6> . jH$

 o<A 2% |.z./9 4>$ 53A 5%$% B68# =+.- *+ . 2%

 ! )pq 96P26['(7 =>%  B6/:  D6- 92.A ),/ )+ r?[H:

 %$3\( )�;$3e *+ 6P2M+ *<?H$ 9$)+ E:Z#$.O* =#:   3?>)+

 96P26['( *+ 4WX#15  !21 =>%  ),[; ),/ )+ r?[H:

4>$.  o<A10 *#$.O 4G)>  9$)+ 53A *W>6U/ =#:

S.FU/NaCl+CaCl2 B68# $2 D6- ! =\'Wi 2.A ^0  

=/ 3P% .*#$.O 4G)>  "H$fJ$ 6+ R'U/ *> )P 2% =#:

=/ "P6; 92.A S.FU/ 9$)+ "P6; jH$ 2$3Q/ j<'Y  3+6H

NaCl+CaCl2 ! =\'Wi 2.A ^0 :$ ),[; 4>$ D6- . 2%

 4G)>  o;*#$.O =#: S.FU/ 2% NaCl+CaCl2  :$ ),8'+

4>$ D6- ! =\'Wi 2.A ^0 .*#$.O 4G)>  j'?_[P  =#:

4>$ D6- R'U/ :$ ),8'+ =\'Wi 2.A ^0 2% . 2% v!6p(

*#$.O 4G)> 4>$ ),8'+ 92.A )(Z6+ 96P26['( 2% =#:. 

*#$.O 4G)> *XH6Q/  6P2M+ =#: B68# 3A2 md6($ 2%

=/ *#$.O 4G)> *; 3P% S.FU/ 2% =#:NaCl+CaCl2  2%

4>$ ),8'+ =\'Wi 2.A ^0 6+ *XH6Q/ .  )7H% v26WG *+

*#$.O 2% 6P2M+ =#: S.FU/ )NaCl+CaCl2(  :$ ),C+

*#$.O 4>$ =\'Wi 2.A ^0 2% =#: . 9$)+ *; =FHZ% :$ =<H

=/ 53H3N jH$ |.d! 'H6N 4WX#  %); B6'+ B$.( jNa/Ca 

S.FU/ 2% )NaCl+CaCl2(  2.A ^0 S.FU/ 6+ *XH6Q/ 2%

4>$ =\'Wi . =\'Wi 2.A ^0 &';)( 2% j'?_[P

=/ *; 3#2$% %.O! 9)q6?G *#$.O 2% 3?#$.(  ^MO ! =#:

6P2M+ R>.( ^0 3?A6+ *,A$% 53#2$%:6+ )h$ . S6�/ B$.?G *+

&';)( %.O! =+ ! v6?+);  )+  v6pY.> 96P  *; v6?+);

 9$2$%=/ 4�'[> )h$ *#$.O oHZ% :$ 3?A6+  6P2M+ ),[; =#:

4>$ =\'Wi 2.A ^0 2%.  

*#$.O *XH6Q/ uH6,# S.FU/ 2% =#:  2.A ^0 96P

2% *; 4>$ B0 53?P% B68# D6- 6+ =\'Wi ! =G.?T/
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Figure 9. Delay in germination by increasing soil 

salinity. 
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Abstract 

Barley (Hordeum vulgare) known as a tolerant plant to salinity and has capability to produce 

reasonable yield under saline conditions. Salinity decreases water uptake by seeds and can lead to 

delay in germination and seedling establishment. To investigate the effect of salinity on barley 

germination, three different experiments were carried out in completely randomized design through 13 

treatments each with three replications. In these experiments, germination process was studied within 

three different media including NaCl+CaCl2 solution, natural saline water and natural saline soil. 

Studied variety was the spring variety, Tropy. The salinity levels in all experiments were consisted of 

control (0.005), 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25 and 27 dS.m-1. The germinated seeds were 

counted at designated time intervals and continued up to full germination or until the consecutive 

counting were the same. The number of germinated seeds as well as the germination rates were then 

calculated and analyzed. The results indicated that by increasing salinity, both percentage and rate of 

germination decreased. There were further reductions in natural saline water than the NaCl+CaCl2

solution. In higher salinity levels, the germination rate was decreased, while the required time for 

germination has increased. Seeds were germinated in all salinity treatments within the NaCl+CaCl2

solution. But in the soil medium, germination was successful up to 13 dS.m-1 and the germinated seed 

numbers were rapidly reduced such that in 23 dS.m-1 treatment no seed was germinated. This 

observation can be attributed to the fact that in the saline soil medium, the matric potential is also 

reducing the seed water uptake.  
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