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Table 1. Soil characteristics of research field of

Zanjan University from 0 to 30 cm of soil surface

S (%)N (%)P (ppm)K (ppm)Ca

(ppm)

0/280/0929280680

:/,W0! tu8! e:6<! 8Q*g!)k^6]! 81! |J08! e3u80! ?0! )9

5]:73*g!)&�'!G3-/?!+?8"3.9!C3k&k�'!l9(]!?0:7! p!81

! vJ0"0! (�] Onn!C3�W,4! 1,9! =}0,6EJ!m\R! C3&UY>

!e,&/,]j!C3�VI!"!t&43[RH:k]!)*!e0:9!(c!80#xx!e(<,U&9

83[Ec! 81SgTVJ15/?! )[.R! "!+,o!13-J0! "!s&^V'! g!)*

4"&)U=I(<!C8,B!(�"83I! p!t90('! 3*!=739!vY> y!e(<

!8Q*81:7!e3-/0!�*(]!([]! p!5[I3J81!)/,Y/!)/01!80lc!G?"

! h13i]! l&/wMO�1,*! e(<! p!)*! )[.R! "1! v]37! C(9! (c

!�(>yx5[/34!h,�!"!([]�)[.R!+"8!)9!1,*!([]!3cO

! )UB3I! )*! =739! f}#x5[/34([]=701! 80(u! tc! ?0!p

!)UB3IC(9!"1!q&*�,U*!q&*!"!([]!TJ!�,U*!81!)UB3I!3c

! �3�W! ([]! "1:7! p! qJ0! 81mJ3]?j!)*!X6&YJ0(R! @,^4

!18,]!e"1!8,[93I!G0,6>!)*!=739!KJ83'!"!h"0!8,[93I!G0,6>

=I(<! 80(u! 5*3J?80! "! )iW3^]p!v]37! 5.J3]?j! +3c83Y&'

! :&40! T&U&V&W34! 3*! 8Q*! X6&YJ0(R! 81r!v]37! =`U�

! :c37! @,^4H*! 8Q;:./! 83Y&'S! gwxx! gnxx! g #xx!g

 yxx!g#xxx!"#wxx!h"0!=739!KJ83'!"1!"!8z,]"(E&]

1,*! 8{j! h"0! "! G3*j! p!)&�'! ?0!�R! gX6&YJ0(R! e3-/0!=�o

=`U�:&40! T&U&V&W34! ZU[\]! +3cg8Q*+3c!)*! e:6<

!C:] #!+3]1!81!=>34C°w!ZU[\]!+3c83Y&'!=�'!g

)�,�!:&40!T&U&VW34:/:7! 8"HMiar Sadegi et al.

2010.; Shekari et al. 2010S! pQ*!��483c!+3]1! 81

!C:]!)*!"!�3'0wn!=>34!T.}! 0,c:7!:�!?0!�R!"!;

�83u! 3*!5/,�>!e0(&'!5V9,*839!m9!g80lc!81! "1!=DV/! 3*

!=.9!;13]j:7:/:/:7!vk[6]!)>8l]!)*!=.9!=�o!"p

!=739!=739!KJ83'!"1!81HG3*j!h"0!h,Yi]!=739!KJ83'!g

81)k^6]e3F6c! (J1!=739! g8{j! h"0! "! S!5[41! 8,�! )*

:7! e3-/0! p! :B81lD4! (c! 8183'! "1JK!?0! �R! =739

P83Y7)bc3&<+3c;:7! lD4[40! 3*! )^*08! ;13�(J?

!)D43�]:7p

Emergence% = En/N × 100 H !!!!!!!!!!!!!!!!!!!!!!!!!S

! �,I! )^*08! 81N10:i';:7! )[739! 8Q*! "En!10:i'

)bc3&<+3clD4;:75]:673*p

�}37! C(9! (c! 81! G0,6>! )*! 5*,�! +3c)/3./!)*

!)UB3I#!([]!(FJ:EJ!?0!C(9!(c!f4"!=YVu!81!:7!%�/

)bc3&<!10:i'!"G0:6D\J!�"(7!?0!vDu!;:7!lD4!+3c!+3c

!;l&J3R!f4"!ZJ18!83��!81!P83Y7:7!p!81!qJ18"(I!vJ0"0

;3]HnqJ18"(I!S)bc3&<!10:i'!=YVu!G3Yc!?03c!;:/?!+

!�3k*!:B81!"!:7!P83Y7!;:/3])bc3&<!t&Vk'!?0!;:/?!+3c

)bc3&<!)*!;:/3]!;1(9!lD4!+3c:]j!=4:*p

1!;3]!qY�*!(}0"0!8H#�qY�*!S!C(9!(c!?0 x!)',*!)*

C8,B! �3\[/0! 5I13�':7! p)bc3&<!).J8! )&d3/! ?0! 3c

!5DJ(k'!2Y>!?0!)bU&*!f4,'Ox5[/34([]!��4!"!�83}

3*!TW0!+"8! (*! (^u#!�j! 3*!T[.'!v}01! 81! ([]!5U&]

�j! (�7).J8! �0(�0! �3}! 3'! :/:7! 5.91,7! 0:o! 3c!p

)',*!)',*!+0lo0!+?340:o!"!;3F.J3]?j!)*!h3k[/0!?0!�R!3c

!2&u1!+"?0('! 3*H!=u1! 3*xx Mx! S!('!G?"! "!:/:7!qJ?,'

!=70113J:7!p)',*!~(*!s^4;3F[41!?0!;13�[40!3*!l&/! 3c

;?0:/0*!s^4!+(&<~(!h:]VM-900 E/K;?0:/0!+(&<

:7! p0lo0!��4+!G"j! 81! )',*rx! )o81[/34510(<!)*

!C:]#w!T.}!G?"! "!:/:7!;101!80(uGj3c!=�0(u:7p



#x+83E7!"!5�UW0:D>!L&W34!3*!X6&YJ0(R!(_0"8!:&40!T&U&V)bc3&<!1(9839!"!)&6*!+e:6<!+3c

!g).J8!"!~(*!h,�!g~(*!"!)-6R!10:i'!C3�B('!G?"

!"T.}!g).J8~(*!�A�5�U>!+3c!g!T6�R!"!)u,�!g~(*

)',*!v9;?0:/0!+(&<:7!p)',*!�j!:B81g!=DV/~(*!G?"

HLWRSg~(*! s^4!�}37HLAIS!)*! )u34! =DV/! "

! ).J8HS/R! S8! ?0! l&/"! f*0H#! S! 5W0H�! S! )D43�]:7:/

HHunt, 1982S!L

H#!S xx! H('!G?"M!T.}!G?"– !"#$%"&'()*+,"-.,/

01""'"2345"67"#$%"8"9 )"#$%"&LWR

0:',"#$%";<="8">=?*@"AB)"#$%"&S/R

0C'"D4E$"FGH"8"9 )"FGH&LAI

I= JK*H"6LM"N%,"$?";O*+"%"9 )"-LO",?-PE-4H?

0Khochert et al. 1978'"%"QR4)"N%,"$?"D4K% S",?-PE"%

#?,3TU@0Bates et al., 1973'2$?-V?-W"X 45Y

2/?/"ZV3=,?%";=Q[!"2/3JRH?"3)"3@\ V"$?,?QM?X,3E]"X3@

MSTATC" %SPSS%D4^V34E" ;_=3PE2/3JRH?" 3)" 3@"$?

"#*E$]DTV?/0P ≤ 0.05"'?"\3[V-W"Y

 !"#$#%&'()

(W37" `=,3!a2$?-V?" b3J.">E3U!)" 2-W"X 45" ;Qc

LWR" ?,de!" (f!4 ,? O/?/" Y" D4LgU@"b3J." >E3U!

de!" (f!4 " -4H?"I4h4_4K3H" 3)" iL4U=? S" %6)3PRE"  d?

"I4h4_4K3H"%"(W37"`=,3!"-4H?"-LRM 5",? O0"j%-ck"Y'

"-.,/"A=?QM?"lm3)"-4H?"I4h4_4K3HQnH;g@3453@

%/" @",/"(W37"`=,3!-WY"-.,/"D= !o3)"QnH"`=,3!",/

" p*GH" ;)" q*) E" j%?" (W37rstt" akttt" %k:tt

"Q4V" \%/"(W37"`=,3!" ,/" %" -4H?"I4h4_4K3H" ,o*E% T4E

"FGHkttt*E% T4E"-.,/"D= R<4)",o"QnH"a/*)" ?,?/" ?,

" ,3U4!" 3)";7"-Lu" @k:tt"(W37"`=,3!"D=?" ,o*E% T4E

(W?-V"X,?/">LvE"b%3J!0"j%-c1'" YN,?Q5(H?"2-W

"A=?QM?" aw= H" ,34_)" >W*L)]" xc*E" ,y)" #/ 7" z=? S

;vH*!2,?*=/"X =yS;<=,">K*hH"X3@w= H"j3PRV?"%";u" !

2 4{|"/?*E";)"\ }H%-V]"X?"(=3~V",/"%">L4Lc"X3@,*fE

23!*7 !"�yc"D4)"-L7"$3M" 2-W"�]";g@345",*~�"%-W

0Haigh, 1988'"Y#?,3TU@"%"?,3T_c?,0Rajaskaran et

al., 2002'/?/"#3<V-V"-4H?"I4h4_4K3H">c,3{"/ ),37

;V?*c"I= f!"xc*E",y)">V$"�=*@-W"Y"#/ 7"z=? S3@,y)

#3)$%35" ,/0Shekari et al., 2010'?Qh7" %0Miar

Sadegi et al., 2010'A=?QM?"xc*E";4L)-W",y)";7

",? PRH?"xc*E" E?"D=? H=w !"�{3W"%"(m H"A=?QM?"%

#/ 7"QnH;g@345",/"3@"I4h4_4K3H"3)"2-W",3U4!"X3@,y)

3)";_=3PE",/"-4H?"2-<V",3U4!"X3@,y)-W"Y

;g@345" �3P)" -.,/"Q4V" ;V3R_E$" X3E H" $?" ZS" 3@

e!"(f!d4 "iL4U=? S" %"(W37" `=,3!" 6)3PRE"  d?" %#]3@

(M 5",? O0"j%-ck'"Y"�3P)"-.,/"D= RU7"3@,3U4!"D4)",/

;g@345/*)"\%/"(W37"`=,3!",/"-@3W",3U4!";)"�hvRE"3@%

;g@345"/?-v!",/"-.,/"D= !o3)",3U4!",/"2-V3E"2-V$"X3@

kttt"3)" ;7" 2-W" 2-=/" j%?" (W37" `=,3!" ,o*E% T4E

,3U4!" X3@rstt" %k:tt"-4H?"I4h4_4K3H" ,o*E% T4E

>LvE" b%3J!(W?-V" ?," X,?/0" j%-c1" Y'"%/" ;_=3PE" ,/

>E" �V";)"(W37"`=,3!"%">5/$3E H"b,3_{"#?Q4E"-H,

"(W37"`=,3!"$?" R<4)"\%/"(W37"`=,3!",/";V3R_E$"9 E

" %" 2/*)" j%? P!=�3n:r" �;g@345" d?"  )" 2-W" QnH" X3@

W",3U4!",/">5/$3E HRM,"D4)"$?"\%/"(W37"`=,3!"-@3-L"Y

"-4H?"I4h4_4K3H"(�h�"A=?QM?"3)"(W37"`=,3!"%/" @",/

" ;RM," ,3T),*+" ;)" >n_V"/?-v!" ,/" ><=?QM?" -V%," I=

;g@345-W"2-=/"2-V3E"2-V$"X3@0r�"%1s"A=?QM?"-.,/

\%/" %" j%?" (W37" `=,3!" ,/" x4! !" ;)" -@3W" ;)" (n_V'"Y

;V?*cM*E",? PRH?"%",y)">V$"X/3=$"(4U@?"X?,?/";g@345"�

"z7? !"�*hGE"-�";)"#-4H,"%">@345"(4vUc"D44v!",/

>E" ;m,QE" ,/-W3)" Y(m?,$" ,/">M3�?" ,*R73M" 2Q4=3S" X3@

;g@345" #?*!" a ^=/" ,/" 3@V?,y5" #3R_E$>"�3P)" �J�" %

>E"D4=3S"X3@3E/"(f!";g@345-W3)" Y">hE3m" @" aD=? )3L)

" #?*!"A=?QM?"xc*E" ;7,y5" #3R_E$V?>;g@345"/*W" 3@

>E-W3)"  d*E" / ThUm" %">=3~V"(4vUc"A=?QM?" ,/" -V?*!"Y

3^V*RH37X#?,3TU@" %0Castongay et al., 2006'",/

" ;)" 6Uf!" %" ;V3R_E$" �3P)" >H, )=`5/$>�4!*V�"X3@

">5-4T<{";)"6Uf!"3)"3E H";)"6Uf!"-V/ 7"\�m?";[V*=

/*c%";)`="$?"2-E]/*)"�n! E">5/$"YS"X3E/"xc*E"D4=3

#3@345" ,/" j*hfE" X3@-LO" wU[!;[V*=-W",/" >K%" a

�4!*V�/*)"  !o3)"#]" ,?-PE" \%3PE"X3@" Y" �3�"A=3E$]" ,/

"-LW?/" >=o3)" D4K% S" %" -LO" ,?-PE" ;7" >=3@,3U4!" ,/" Q4V

" /*)"  !o3)" Q4V" �3P)" -.,/0" j%-c1" Y'"/*c%" j3UR�?" D=?

";7"/,?/"A=?QM?#?*Lm";)"D4K% S"%"j*hfE"X3@-LO"X/?*E

�M3fE"%"XQUH?"b34.*�{"3)>K*hH"X?Qc?0Matysik

et al., 2002; Heuer, 1999'A=?QM?" %" /*n~)"xc*E



b��"b3P4Pf!"8\*H"j3H"8j%?"2,3UW"8r1�kkr



kkX,3TW"%">~hK?-nm"�;g@345"/ 7,37"%";4L)"X%,"-4H?"I4h4_4K3H"3)"iL4U=? S" d?"\-L5"X3@



b��"b3P4Pf!"8\*H"j3H"8j%?"2,3UW"8r1�kk1

;g@345",/" 3E H";)"6Uf!" 3)" 2-W",3U4!"X3@"I4h4_4K3H

"A=?QM?" 3@,3U4!"D=?" ,/" ;g@345" �3P)" -.,/" %" 2-W" -4H?

(H?"2/ 7"?-4SY

" -4H?"I4h4_4K3H" 3)"iL4U=? S/" 3~L!"(W37"`=,3!" ,

"9 )"/?-v!"X%,"j%?>LvE" d?"/?/"#3<V"?,"X,?/",3U4!",/"%

/= (W37@4�\?-74U=? S" X3@,3U4!" $?" iLR_V?*RV-L

>LvE" 44�!"9 )"/?-v!",/"X,?//*c%";),%]V-0"j%-c1'"Y

",/"(W37"`=,3!",/"iL4U=? S"X3@,3U4!"D4)"3~L!"Q4V"j%?

",3U4!k:ttH?"I4h4_4K3H",o*E% T4E"xc*E";7"/*)"-4

>LvE"��R{?"%" 44�!"iL4U=? S"X3@,3U4!"D4)"X,?/-W"Y

)";,3U4!"D=?"Qca">~c*!"6)3O"#?-Lu"��R{?"3@,3U4!";4P)

#3<V" ^=-T="3)"?,-V/?-V"Y>E" �V";)"9 )"/?-v!"(J."-H,

"  R<4)" \-L5" ,/de!" (f!4 ";c,/" #?Q4E" %" (W37" #3E$

9 )"-4K*!"X? )"�4fE"b,? �"-=-c"X3@"%"2/*) d?";c,/

/*)"X*O"X-�" ;)"�4fE"b,? �" / ),37" ;7"I4h4_4K3H

H?4-;R_V?*RV(H?de!4 ">V?-Lu%,X"(J."D=?/*c%";)

/,%]" Y"iL@]">m?,$"#3@345"$?"X,34_)",/"(H?"2-W"()3d

"%"2-W"j RL7"�=? W",/";u">=3~RV?";V?*c"$?"9 )"�% {

;m,QE"�=? W",/";u>!,*.",/"aX?"2345"-W,";7"AL!"3)

"�PM"a/*<V"/%-fE">V-vE" .3Lm"AL!"3=">T<{H%";)4;h

>E"j RL7" ?*@"X3E//*W0Hay and Walker, 1989'"Y

#?,3TU@"%"b34�0et al., 2005Hayat'a/ 7"N,?Q5-V

;g@345";7"2-W",3U4!"-4H?"I4h4_4K3H"3)";7">E-L5"X3@

-V/*)a R<4)"9 )"/?-v!X-LRW?/Y

-LV3U@2-W" 2-@3<E"(K3�9 )" /?-v!" X? )a"/?-v!

" \%/" (W37" `=,3!" ,/" Q4V" ;[LSde!" (f!4 "X3@,3U4!

;[LS" ;V*^g4@" 6Um" ,/" %" (M ^V" ,? O" iL4U=? S",/" X?

"X,?/ )"(W?//3="#3E$"#3@345" ,/;)"q*) E"(W37"`=,3!

/*)" 2-<V" -4K*!" \%/0j%-c1" Y'j%?" (W37" `=,3!" ,/a

"D= RU7;[LS"/?-v!%"-W"2-=/"-@3W",3U4!",/"A=?QM?"3)

;RM," ,3T)" -4H?"I4h_4K3H"(�h�a",/"><=?QM?" -V%,"I=

"2-@3<E";[LS"/?-v!-W"YiL4U=? S"X3@,3U4!"D4)",/a"3~L!

",3U4!k:tt"��R{?";7"/*)"-4H?"I4h4_4K3H",o*E% T4E

" ;c*!"6)3O"  ^=/" 3)"iL4U=? S"X3@,3U4!(W?/"(_V?*!" %

"#?Q4E";)"?,";[LS"/?-v!rt�"�",3U4!";)"(n_V"`=,3!"-@3W

-@/"A=?QM?" j%?"(W37" Y>E"  �V" ;)";c,/"  d?"  4�V" -H,

9 )"/?-v!"X%," )"b,? �a"\-m"64K/";)"Q4V"(J."D=?",/

Ee!4D",/">m M" ;O3H" %" ;[LS" -4K*!"(~c">M37"b,? �

;[LS" �4@" 6UmX?" \%/" (W37" `=,3!" ,/-<V" -4K*!" Y"$?

3[V]=;{3W"b��",/";7"> @3�";O*+";PGLE"$?">m M"X3@

>E-V*Wa>E" �3{" X3E/" D=? )3L)";{3W" /?-v!"  )" -V?*!

-W3)"  d*E" ;[LS" 3=">m M0Hay and Walker, 1989'"Y

";)" ?," 2345"-W," 2,%/"D4=3S"X3E/{e!4 >E" %"/$?-V?"2,%/

>Vo*+" ?," -W, !>E-L70Fowler et al., 1996"Y'

"(H?" 2-W"N,?Q5"D4=3S"X3E/";V3R_E$"(<7"�=? W" ,/

,"X-L7"lm3);[LS"/?-v!"%"2-W"-W>E"A@37"?,"3@"%"-@/

";O*+" ;)" ;E-."xc*E" -=-W"X3E H"(H?" DTUE" >R�

;!*)" X/*)3V" %" ;V3R_E$" \-L5" X3@#]3@/*W0Mir

Mohamadi Maibodi, 2004'Y" %" D4E?#?,3TU@

0ktt�" '"xc*E" -4H?"I4h4_4K3H" / ),37" -V/ 7"N,?Q5

"\-L5",/";[LS"/?-v!"A=?QM?-W"Y

/";_=3PE",/"a(W37"`=,3!"%",/"j%?"(W37"`=,3!"D4K%?

">Jhm"9 )"(W37"`=,3!" ;)"(n_V"X R<4)"X?$?,/"X?,?/

/*)" \%/YaD4LgU@D4K%?" j*+" #?Q4E" D= R<4)",/"9 )

-W"2-@3<E"j%?"(W37"`=,3!"-@3W",3U4!"Y"(W37"`=,3!",/

"-V%,"I=";RM,",3T)"-4H?"I4h4_4K3H"(�h�"A=?QM?"3)"j%?

<E"9 )"j*+",/"><@37-W"2-@3" Y"(W37"`=,3!" ,/">K%

>LvE"��R{?"\%/"z=? S"X3@,3U4!"3)"-@3W",3U4!"D4)"X,?/

-<V" 2-@3<E" 2-W0j%-c1" Y'"FGH"D4K%?"9 )>Jhm"%

"(�h�"A=?QM?"3)"j%?"(W37"`=,3!",/";!*)"67"9 )"FGH

" FGH" 3!" #*E,*@kttt/ 7" ?-4S" A=?QM?" ,o*E% T4E

0Abdolahi, 2011'"Y>E" �V";)3H"-H,"3)"-4H?"I4h4_4K

"A=?QM?" %" 9 )" � m" A=?QM?" lm3)" 9 )" j*+" A@37

(H?"2-W"9 )"FGH" Y"b? 44�!"#?Q4E"X%,"$?";h�_E"D=?

(H?" 2-@3<E" 6)3O" 9 )" FGH" �{3W" %" 9 )" FGH

0"j%-c1'"Y"#?Q4E"D= !o3)LAI @",/"Q4V"(W37"`=,3!"%/

"(�h�";)"q*) Ekttt"/*)"-4H?"I4h4_4K3H",o*E% T4E

! !";)";7x41�8r1t"�"%�C81k"�"-@3W",3U4!";)"(n_V

" ,/,3!=`3@X"/?/"#3<V"A=?QM?" \%/" %"j%?"(<70j%-c

1"Y'>LvE"\%/"(W37"`=,3!",/";u 5?"A=?QM?"D=?"a/*nV",?/

>LvE"��R{?"j%?"(W37"`=,3!",/">K%/?/"#3<V" ?,"X,?/"Y

9 )" ab��" ,/>E";7"X,?-PE";L4<4)" a2 5"  @"X3@"-V?*!

" ?-4S" ;vH*!" -L7b,*." ;)>E" D44v!" >T4RV�/*W" Y"D=?

>V�*RV?" �H*!" ,?-PE>E" j RL7" q*) E"6E?*m" %" /*W

" >G4fE )" Q4V" >V�*RV?de!4,?y5 -LR_@" Y>!,*." ,/";7

m"-LW3nV"2-LL7"/%-fE">G4fE"6E?*0"a>T<{"AL!" 4�V

;=3H>=?y�" .3Lm"/*nU7"%"X$?-V?'"aD4<4S"b3J." 4�V" a

" X3E/"�H*!" Q4V"9 )" ;vH*!>E" j RL7"�4fE/*W" Y,/



k:X,3TW"%">~hK?-nm"�;g@345"/ 7,37"%";4L)"X%,"-4H?"I4h4_4K3H"3)"iL4U=? S" d?\-L5"X3@



b��"b3P4Pf!"8\*H"j3H"8j%?"2,3UW"8r1�kkC



ksX,3TW"%">~hK?-nm"�?"I4h4_4K3H"3)"iL4U=? S" d?;g@345"/ 7,37"%";4L)"X%,"-4H"\-L5"X3@

;L4E? 5" ^=/"%"b��"�H*!"b$%,"2,%/",/"9 )";vH*!"3@

>E" j RL7" �3{" >fGH" ;=o" X3E//*W0Hay and

Walker, 1989'.?Qc?"$?"9 )"FGH"%"9 )"/?-v!X"z~E

-LR_@"2345",/"-4K*!"Y9,Q)"9 )"FGH"�J�"aD4LgU@" !

2,%/" j*+" ,/(H?" z~E" ,34_)" AL!" X3@" Y$"xc*E" ? =

>E"QRLH*RM" d?" )"D) 7"�yc"A=?QM?"/*W0Porwanto,

2003Y'" �=3RV" j%?" (W37" `=,3!" X? )" 2-W" 2-@3<E"D=?

" A=3E$],3TU@" %" �%,3M" �=3RV" 3)#?0Farooq et al.,

2008c'/?/"#3<V";7-V4H?"I4h4_4K3H"A=?QM?"xc*E"-

;{3W"I<{"%" !"#$%;<=,"%"3@"9 )"FGH"A=?QM?"%" 3@

b,|" ,/" AL!" �=? W" (f!" a" 3E H" AL!" #%-)" %-W"a

/,?/"(P)3GEY

6=*+" (�h�" ;)" q*) E" ;g@345" ;<=," D= !�tt

"%" j%?" (W37" `=,3!" ,/" -4H?" I4h4_4K3H" ,o*E% T4E

rktt" =/"(W37"`=,3!" ,/"-4H?"I4h4_4K3H",o*E% T4E

/*)"\3^L@"Yz<u",34_)"��R{?"j%?"(W37"`=,3!",/"X 45

"/*c%";<=,"j*+" �V"$?(W?-V�">~c*!"6)3O"b? 44�!">K%

-W" 2-=/" \%/" (W37" `=,3!" ,/" Y"/*c%" 3)" ;7" X*fV" ;)

" A@37 =/" (W37" -@3W" ,3U4!" ,/" ;<=," j*+"\3^L@

",/" %" 2/?/"A=?QM?" ?," ;<=," j*+" ;7" (_V?*!" iL4U=? S

"X3@,3U4!rktt"%kttt";)"-4H?"I4h4_4K3H",o*E% T4E

" #?Q4E1C" �L@"  =/" (W37" -@3W" ,3U4!" ;)" (n_V"\3^

-@/"A=?QM?" Y"(W37"`=,3!" ,/";7"/,?/"/*c%"j3UR�?"D=?

" X? )" ;7" X,?-PE" 3!" ;<=," j%?Ee!4D"%" ;g@345" >5-V$

#3R_E$-W3)"$34V">V?,y5a"2/ 7"?-4S";vH*!"-V/*)" R<4)"%

34�?"D) 7;=3E H">=?*@"AB)",/"QRLH*RM"$?"2-W"X,?y5

-W" Y;g@345" #*u" \%/" (W37" `=,3!" ,/" 6)3PE" ,/"3)" 3@

2/ 7" /,*{ )" 2Q4=3S" X3E H-V?a";vH*!" (. M" Q4V" ;<=,

"X RU7"%";RW?/�o3UR�?"xc*E"-4H?"I4h4_4K3H"/ ),37

"(=?-@" ;<=," (UH" ;)" X R<4)" XQRLH*RM" /?*E" 3!" 2-W

"3)"iL4U=? S"X3@,3U4!"D4)"X R5,Q)"��R{?"lm3)"%"/*W

"(W37"`=,3!"D=?",/"-@3W-W"Y"(n_V",/"xhGE"D=?S/R

E" 2-=/" Q4V>",/"(n_V"D=?" \%/"(W37"`=,3!" ,/";7" /*W

D4=3S" =/3PE;RM 5",? O"j%?"(W37"`=,3!";)"(n_V"X !"-V?

0"j%-c1"Y'"%"\%/"(W37"`=,3!",/"a ^=/"b,3nm";)%";)=2�

"  R<4)" ;<=," ;vH*!" iL4U=? S" (f!" X3@,3U4!" ,/"(f!

de!4 (H?" ;RM 5" ,? O" Y"X3@ RE?,3S" $?" >T=" ;<=," X?$?,/

)" %" -LUW$,?;<=,"zR_4H"�4.*!"(~c"j%?-RE" ,34_"X?

A4S"%"-E],37(H?">G4fE"b? 44�!";)"2345"AL7?%">L4)"Y

"�]"�yc">H, )"X? )">nH3LE";H3LW"(J."D=?"D4LgU@

>E",3UW";)"\?-V?"D=?"�H*!">=?y�"/?*E"%-=]0Shekari

et al., 2006'" Y"z4�L!" / ),37" (H?" 2-W" N,?Q5

2-LL7m",*+";)" a>@345"-W,"X3@D4K n4c"-�"2-U",/" 3@

";<=,"-W,"A=?QM?"lm3)"b��0;<=,"I<{"#$%"%"j*+"'

-W0Yang and Naylor, 1988Y'TW4"#?,3TU@" %" ?%? 

0Shakirova et al., 2003'-V/ 7"N,?Q5"Q4V;7",3U4!

"zR_= E",/" ?,">K*hH"z4_P!"-4H?"I4h4_4K3H" 3)"#3@345

=?QM?"?,"#3@345";<=,"-W,"%"A=?QM?";<=," ?,/?/"A"Y

(W37"`=,3!"%/" @",/a" =/3PE"D= !o3)"a;<=," !"#$%

" (�h�" ;)" q*) E" 2345" %" ;O*+k:tt% T4E",o*E

/*)" -4H?" I4h4_4K3H" Y-.,/" X?*RfE" 67" 2345" �]",/

",3U4!",/"j%?"(W37"`=,3!:tt"I4h4_4K3H",o*E"% T4E

" \%/"(W37"`=,3!" ,/" %"-4H?" ,3U4!" ,/k:tt",o*E% T4E

E"D= R<4)V/?/"#3<V" ?," =/3P-"Y ^=/"b3J."3)";_=3PE",/

/*nV" o3)"#?-Lu"(J."D=?" ,/"#3H*V" ;LE?/" Y"j3UR�?"D=?

"#/*)"�*+ E" %" ?*@"#/*)"IL{"64K/" ;)" ;7" /,?/" /*c%

;V*UV"#3E$",/"�3{">n_VX,?/ )a"D=?",/">V?-Lu"#3H*V

"2-@3<E"iL4U=? S"X3@,3U4!"%"(W37"`=,3!"%/"D4)"(J.

-<V-W3)"2Y

$?\?-V?" I<{" #$%"  �V"#$%" ,/" a2345" �hRBE" X3@

"%";O*+"a;!*)"I<{9 )"���>Jhm"X3@"(W37"`=,3!",/

"(�h�" ;)" q*) E"  =/3PE" D= !o3)" j%?k:tt",o*E% T4E

/*)"-4H?"I4h4_4K3H" YK3�,/>;7",/"9 )"I<{"#$%",/

" -V/*)" D= !o3)" -@3W"  =/3PE"(W37" `=,3!" %/"  @0j%-c

1"Y'<{"#$%" �V"$?!"-4H?"I4h4_4K3H"Q4V";<=,"I"(_V?*

" ,/" ?," ;<=,"I<{" #$%" ,?-PE"(W37" `=,3!"A=?QM?" j%?

/@-" Y"(�h�";7"X,*+";)rktt"I4h4_4K3H",o*E% T4E

-4H?"I<{"#$%",?-PE"D= !o3)"X?,?/"j%?"(W37"`=,3!",/

/*)" ;<=," Y" \%/"(W37" `=,3!" ,/>LvE" ��R{?"D4)" X,?/

-=/"-@3W" %"iL4U=? S"X3@,3U4!-<V" 2" Y" �V" $?"D4LgU@

"\%/" (W37" `=,3!" ,/" ;<=," %" ;O*+" a;!*)" I<{" #$%

" (�h�" ;)" q*) E"  =/3PE" D= !o3)rstt",o*E% T4E

/*)" -4H?" I4h4_4K3H" Y"I<{" #$%" ,?-PE" ,/" A=?QM?

>E"X-4K*!"-W3)"2-W"\3[V?"QRLH*RM",?-PE"3)"�n! E"-V?*!

-W"2-=/"iL4U=? S"(f!"X3@,3U4!" ,/";70Abdolahi

2011'" Y#?,3TU@" %" D=-K?-= M0Fariduddin et al.,

2003'" ;7" -V/*UV" N,?Q5" / ),37"-4H?" I4h4_4K3H



b��"b3P4Pf!"8\*H"j3H"8"2,3UWj%?"8r1�kk�

"?Qh7",/"I<{"2/3E"A=?QM?"xc*E-W"Y#?,3TU@"%"#?-=37

0Kaydan et al., 2007'" Q4V";7" -V/ 7" N,?Q5

"%" ;<=,"I<{"#$%" ,/"A=?QM?"xc*E"-4H?"I4h4_4K3H

;g@345";O3H=? W"(f!"\-L5"X3@-W"X,*W"AL!"�"Y" d?

,/"-4H?"I4h4_4K3H"\-L5",/";g@345"#$%"%"j*+"A=?QM?

0Hanan, 2007; Arfan et al., 2007'"�V )" a0Basra

et al., 2006'%"3E H"AL!"(f!"b,|0Farooq et al.,

2008c'(H?"2-W"N,?Q5Y

" #?Q4E" D= !o3)LWR" (W37" `=,3!" %/"  @" ,/"$?

" -@3W" X3@,3U4!)" ;-E]" (H/" Y),*+" ;"-V%," I=" a>h7

",/"><@37LWR"3!"-@3W",3U4!"$?"(W37"`=,3!"%/" @",/

"-4H?"I4h4_4K3H",3U4!",?-PE"D= !o3)2-W"2/3JRH?"2-=/

-W" Y>E"  �V" ;)"A=?QM?" -4H?" I4h4_4K3H" / ),37" -H,

\?-V?"I<{" #$%" ,/" ?," X R<4)"%" ;O*+"  4�V" 2345" X3@

(H?"2-W"lm3)"9 )"IL~S"3)";_=3PE",/";<=,"Y"D4LgU@

"(W37"`=,3!"%/" @",/"(n_VS/R"-@3W",3U4!"$?",3U4!"3!

kttt"-V%,"I=",o*E"% T4E P!=�3n/?/"#3<V"?,">K%QVY>K%

",3U4!",/k:tt" *TvE"-V%,"D=?",o*E"% T4E-W",?-PE"%

(M3="A=?QM?"(n_V" D=?" Y"/ ),37" /,?/" /*c%" j3UR�?" D=?

";LE?/",/"-4H?"I4h4_4K3H:tt"3!kttt"wU[!" 3="-W,

"2/?/"A=?QM?"-@3W" 3)";_=3PE" ,/" ?,";<=," ,/"I<{"2/3E

"-W,"X%,">5-LL7"(vV3UE"  d?"I="  !o3)" ,?-PE" ,/">K%

=" ;<=,2-W" lm3)" ?," #]" ,/" I<{" 2/3E" wU[!" 3"(H?

0"j%-c1"Y'�o3UR�?>E" 44�!"D=?"(vV3UE" d?"64K/";)"-V?*!

o3)"(�h�",/">5-LL70overdose'-W3)";<=,"-W,"X%,"Y

>E" ?-4S"b*O">V3E$"j3UR�?"D=?" ,3U4!" ,/";7"-L7k:tt

"3)" ;_=3PE" ,/" I<{" #$%" #?Q4E" ;<=," ,/" ,o*E" % T4E

",3U4!ktttT4E"I<{"#$%",/">K%";RM3="A@37",o*E"% 

(H?";RM3="A=?QM?"#3LgU@",?-PE"D=?"9 )"%";O*+"Y" �V";)

>E";)" >!%3JRE" AL7?%" ;<=," %" >=?*@" AB)" -H,

(�h�2/?/"#3<V"#*E,*@"D=?"X3@-V?"Y";)aj3�" @";vK3GE

"X,% �";L4E$"D=?" ,/"  R<4)>E-W3)Y#?,3TU@" %" \3L4!?,

0Ratnam et al., 1994'"-LO"X?*RfE"b? d?">H, )" ,/

(U_O",/"I<{"2/3E"w=$*!" %";<=,"%" 2345"�hRBE"X3@

" d?#]3@`=";)"6Uf!"X%,\*^K">5/$;M*hm"X3@"\�m?"X

";G)?,">=?*@"AB)";)";<=,"(n_V"-V/ 7";)"6Uf!"3)">R)3d

" 3E H" #%-)(W?/"6�M" %" -W,"�=? W" ;)" ;c*!" Y" �V" ;)

#]3@" (n_V" %" -LO" X?*RfER/S(J.",/" >nH3LE" X3@

#*E$]"%"AL=Q5;V*5"6Uf!N%," ^=/"3)";_=3PE",/"3@"3@

-LR_@" Y;{3W" /?-v!" aD4LgU@"#$%" a2345" ,/" ;4K%?" X3@

�{3W" $?" Q4V">=?*@"AB)" %" ;<=,"X/3~L<4S"X3@#]3@

"AL=Q5"X? );m,QE"�=? W",/"3E H";)"6Uf!/*)"X?Y

2$?-V?"X 45@*) 74b?,-3@XO*+";4�3V",/"j*hfE"%";

"9 )"/?/"#3<V/3PE= ",/"j*hfE"X3@-LO"$?">~c*!"6)3O

;V*UV" #3E$(W?/" /*c%" ;g@345" ,/"X,?/ )" Y" 3)?=Dj3�"a

>LvE"A=?QM?"xc*E"-4H?"I4h4_4K3H"/ ),37"(n_V"X,?/

"(W37"`=,3!"%/" @",/"-@3W";)-W0"j%-c1"Y'D4=3S"D= !

"%"\%/"(W37"`=,3!"-@3W",3U4!",/"j*hfE"X3@-LO"#?Q4E

" ,3U4!" ,/" ,?-PE" D= !o3)kttt"(W37" `=,3!" ,o*E% T4E

" 2-@3<E" j%?-W" Y"D= R<4)" Q4V" (W37" `=,3!" %/"  @" ,/

",?-PE"j*hfE"-LO",3U4!",/kttt-E]"(H-)",o*E% T4E"Y

>^R_nU@" #?Q4E" D4)" >=o3)@*) 74b?,-3@X"j*hfE

;g@345"-.,/" %"D4K% S"#?Q4E" 3)"9 )" %" ;O*+"2-V$"X3@

" /*c%" 2-V3E(W?/0" ax4! !" ;)s�8t" %�r8t'" Y" �V" ;)

>E-H,A=3E$]"D=?" ,/"j*hfE"X3@-LO"wU[!" %"A=?QM?

;g@345" ,/3@`=" ;)"(E%3PE" #?Q4E" 3)"�3P)" #?Q4E" %">5/$

=o3)" q3n!,?" ;V3R_E$>(W?/" ?," Y" ^=/" %" $%,373H" wU[!

" ;7" 2/3H"X3@-LO�o*UvE" -L=? M" 3)" 2? U@^RM 5" *{>"3)

>E"2-@3<E"3E H"3E H"AL!" )? )",/"�3<�"X,?-=3S"3)"a/*W

`=" %/,?/" q3n!,?" #?-L)" Y" 2Q4=3S" b��" ,/#3R7% M"3@

z~E !=D@*) 74b?,-3@X2 4{|"-LR_@" ;O*+" ;4�3V" X?

`=" %" 3E H" AL!" #3E$" ,/" ;7" 2-W" Q4K%,-4@" >5/$";)

b,*.>E",/"j*hfE"X3@-LO"2345"(�M3fE"xc*E"%"-L=]

>E-V*W0Livingston et al., 2009'" Y"��R{?"\-L5",/

"wU[!" ,/@*) 74b?,-3@" 3E H";)"6Uf!" 3)"2,%/"6=?%?" ,/

(W?/"q3n!,?" -W," Y" aD4LgU@@*) 74b?,-3@X"%"j*hfE

#3R7% M"3@b,*.";);RH*4S"\3U!",/">=3E H",3U4!">+"X?

�4!*V�",/"#]",?-PE">K%"a(M3="A=?QM?"A=3E$]"(f!"X3@

�4!*V�?" !o3)"6UfRE"X3@*)" 3_�"$/0Vagujfalvi et

al., 1999'Y"#?,3TU@" %" 3n@3W" �H*!" >~)3<E" ;[4RV

0Shahba et al., 2003'`=" ;)" 6Uf!" /,*E" ,/">5/$

�4!*V�,*W" �hm" X3@0Distichlis spicata'"#?Q4E" %

Q7*h5" wU[!a"N,?Q5" $*473RH?" %" $*L4M?,-W" Y"a6)3PE" ,/

#?,3TU@"%"#*=/0Dionne et al., 2001'Q5"-V/ 7"N,?

"#?Q4E" /3U[V?" ;GPV"  =$" 3!" 3E/"A@37" 3)@*) 74b?,-3@X

"DUu";O*+" ,/"j*hfE";K3H"I=0Poa annua'"A=?QM?

"D=?",/"3E H";)"6Uf!"3)"X*O"q3n!,?"A=?QM?"D=?">K%"(M3=

(W?-V"2345Y



k�">~hK?-nmX,3TW"%"�;g@345"/ 7,37"%";4L)"X%,"-4H?"I4h4_4K3H"3)"iL4U=? S" d?"\-L5"X3@

",?-PE"3)";)3<E"-V%,@*) 74b?,-3@X"/,*E",/"j*hfE

"9 )"%";O*+"D4K% S"X?*RfE"Q4V3<E-W"2-@" YD4=3S"D= !

"D= !o3)"%"\%/"(W37"`=,3!"-@3W",3U4!",/"D4K% S"#?Q4E

" ,3U4!" ,/" ,?-PEkttt% T4E"j%?" (W37" `=,3!" ,o*E

" 2-@3<E-W" Y" #?Q4E" ,/" ;7" ;gV]"  4�V@*) 74b?,-3@X

"D= R<4)" Q4V" (W37" `=,3!" %/"  @" ,/" a-W" 2-=/" j*hfE

",3U4!",/",?-PEkttt-E]"(H-)",o*E% T4E0c"j%-1'"Y

,*+" ;)"j%?" (W37" `=,3!" ,/" D4K% S" wU[!" #?Q4E" >h7

>E";7"/*)"\%/"(W37"`=,3!" $?" R<4)"2,%/"64K/";)"-V?*!

"  R<4)" -W," ;g@345" %" j%?" (W37" `=,3!" ,/"aD4LgU@

" #�% R4V"  R<4)" wU[!" %" 2/3JRH?" �3{" $?" 2-W" �yc"%

"\%/"(W37"`=,3!"3)";_=3PE",/"QRLH*RM"$?"2-W"�34�?"D) 7

W3)-" Y>^R_nU@>LvE"%"(n¡EX,?/"%"D4K% S"#?Q4E"D4)

"-.,/"�3P);g@3453@"#3R_E$"$?"ZS(W?/"/*c%0s18t'"Y

>E" �V";)A=3E$]"D=?",/"-H,a"wU[!"%"A=?QM?"%"D4K% S

;g@345",/"j*hfE"X3@-LO`=";)"(E%3PE"#?Q4E"3)"3@">5/$

%"q3n!,?";V3R_E$"�3P)"#?Q4ERW?/-W3)";Y/"D4K% S"wU[!",

;V*5" $?" X,34_)AL!" ;)" AL7?%" ,/" >@345" X3@"X3@

>E" \3[V?" >G4fE/*W" Y"/,*E" ,/" X/3=$" b3m�+?" ;u 5?

;nLc">{ )">K%"/,?/"/*c%"D4K% S"z_4K*)3RE"j3Um?"X3@

(H?" 2-V3E" >O3)" ;R{3LW3V" $*L@" #]" >R_=$" Y"aD4LgU@

>E"D4K% S" z_4K*)3RE">H-L~E(. M" ;)"  [LE"-V?*!"X3@

-=-cn~)"X? )AL!";)" 2345"6Uf!" /*/*W">G4fE"X3@

0Szabados and Savoure 2010'" Y"%" �=?*H" #?%

" #?,3TU@0Van Swaaij et al., 1985" '"-V/ 7"N,?Q5

"X?*RfE"A@37"3)" 3E H";)"(E%3PE"A=?QM?"%"#-W"\%3PE

�4!*V�",/"D4K% S"X?*RfE"A=?QM?"%"�]">L4E$"x4H"X3@

/*)" 2? U@" Y`=" 6Uf!" aD4LgU@E" 3)" >5/$"D4K% S" X?*Rf

9 )"9 )" �]" X?*RfE" 3)" >K%" (W?/" >Rn¡E" q3n!,?

/?-V"#3<V">^R_nU@Y" �V";)#]3@";)"D4K% S"/,?/"j3UR�?

;h4H%"#?*Lm�4!*V�"AL=Q5"X? )"X?"3E H";)"6UfRE"X3@

">L4E$"x4H",//%,",37";)"Y,*+"#3U@" 7|"Q4V"o3)",/";7

2/?/" a-W" /?/" #3<V" A=3E$]" D=?" X3@@,3U4!" ,/";7" >=3

"%"D4K% S",?-PE@*) 74b?,-"-.,/"-LRW?/">=o3)"j*hfE

#3R_E$"%" !o3)"�3P)-LRW?/"Q4V"X R~)">V?,y5Y

*+,()-.,/

";7"/?/"#3<V"�4Pf!"D=?"�=3RVy)"iL4U=? S"3)"\-L5",

"-4H?"I4h4_4K3H";g@345"-W,"A=?QM?" %" /*n~)"lm3)";)

%=2�"j*UvE"(W37"`=,3!",/a-W"`=,3!",/">K%"\%/"(W37

(W?/">U7" d?"3="2-W";vK3GE"b3J."X%,%"#3<V"X d?"3=

/?-V" Y>E"  �V" ;)" -H,z~E !=D" -4H?"I4h4_4K3H"  d?",/

" \%/" (W37" `=,3!,/"A@37" aQnH" -.,/" #?Q4E"A=?QM?

=?*@"AB)"(n_V3P)"-.,/"%";<=,";)">X;g@345"-v)"3@

/*)"#3R_E$"#?-LnB="%"3E H"$?"Y"aD4LgU@>E" �V";)H,"-

"X%,"#*E,*@" d?"A=?QM?"D4K% S" %"j*hfE"X3@-LO" ,?-PE

#3R_E$" /*n~)" 6=o/" $?" 9 )" %" ;O*+" ;4�3V" ,/">V?,y5

;g@345-W3)"3@Y

References
Abdolahi, M. 2011. The effect of priming by salicylic acid on cold tolerance in winter wheat, cv.

Alvand, at two different sowing dates. MSc. Dissertation, Unuversity of Zanjan, Iran. (In Persian).

Acharya, S. N., Duck, J. and Downey, R. K. 1983. Selection and heritability studies on

canola/rapeseed for low temperature germination. Canadian Journal of Plant Science 63: 377-

384.

Amin, A. A., Rashed, El-Sh. M. and Gharib, F. A. E. 2008. Changes in morphological,

physiological and reproductive characters of wheat plants as affected by foliar application with

salicylic acid and ascorbic acid. Australian Journal of Basic and Applied Sciences 2: 252-261.

Arfan, M., Habib, R. A. and Ashraf, M. 2007. Does exogenous application of salicylic acid through

the rooting medium modulate growth and photosynthesis capacity in two differently adapted

spring wheat cultivars under salt stress? Journal of Plant Physiology 164: 685-694.

Arif, M. 2005. Effect of seed priming on emergence, yield and storability of soybean. Ph.D.

Dissertation, NWFP Agricultural University of Peshawar, Pakistan.

Azizi, H. Nezami, A. Khazaee, H. R. and Nassiri, M. 2008. Evaluation of cold tolerance in wheat

(Triticum aestivum L) cultivars under field conditions. Iranian Journal of Crop Research 2: 252-

343. (In Persian).



 !"# $%&%'(#)*+,#-$,#)./$01-23#)456776

Basra, S. M. A., Ashraf, M., Iqbal, N., Khaliq, A. and Ahmad, R. 2004. Physiological and

biochemical aspects of pre- sowing heat stress on cottonseed. Seed Science and Technology 32:

765-774.

Basra, S. M. A., Farooq, M., Wahid, A. and Khan, M. B. 2006. Rice seed invigoration by hormonal

and vitamin priming. Seed Science and Technology 34: 775-780.

Bates, L. S., Waldren, R. P. and Teare, I. D. 1973. Rapid determination of free proline for water

stress studies. Plant and Soil 39: 205-207.

Castonguay, Y., Laberge, S., Brummer, E. C. and Volenec, J. J. 2006. Alfalfa winter hardiness: A

research retrospective and integrated perspective. Advances in Agronomy 90: 203-256.

Dionne, J., Castonguay, Y., Nadeau, P. and Desjardins, Y. 2001. Freezing tolerance and

carbohydrate changes during cold acclimation of green type annual bluegrass (Poa annua)

ecotypes. Crop Science 41: 443-451.

Equiza. M. A., Mirave, J. P. and Toynetti, J. A. 2001. Morphological, Anatomical and

Physiological Responses related to differential shoot vs. root growth inhibition at low temperature

in spring and winter wheat. Annals of Botany 87: 67-76.

Farahbakhsha, H. and Shamsaddin Saiid, M. 2010. Effects of foliar application of salicylic acid on

vegetative growth of maize under saline conditions. Plant Ecophysiology 2: 27-30. (In Persian).

Fariduddin. Q., Hayat. S. and Ahmad. A. 2003. Salicylic acid influences net photosynthetic rate,

carboxylation efficiency, nitrate reductase activity, and seed yield in Brassica juncea.

Photosynthetica 41:281-284.

Farooq, M., Aziz, T., Hussain M., Rehman H., Jabran, K. and Khan, M. B. 2008a: Glycinebetaine

improves chilling tolerance in hybrid maize. Journal of Agronomy and Crop Science 194: 152–

160.

Farooq, M., Basra, S. M. A., Rehman, H. and Saleem, B. A. 2008b. Seed priming enhances the

performance of late sown wheat (Triticum aestivum L.) by improving the chilling tolerance.

Journal of Agronomy and Crop Science 194: 55–60

Farooq, M., Aziz, T., Basra, S. M. A., Cheema, M. A. and Rehman, H. 2008c. Chilling tolerance in

hybrid maize induced by seed priming with salicylic acid. Journal of Agronomy and Crop
Science 194: 161–168.

Foti, S., Cosentino, S. L., Patane, C. and D’Agosta, G. M. 2002. Effect of osmoconditioning upon

seed germination of Sorghom (Sorghom bicolor L. Moench) under low temperatures. Seed
Science and Technology 30: 521-533.

Fowler, D. B., Chauvin, L. P., Limin, A. E. and Sarhan, F. 1996. The regulatory role of

vernalization in the expression of low-temperature induced genes in wheat and rye. Theoretical
and Applied Genetics 93: 554-559.

Haigh, A. H. 1988. Why do tomato seeds prime? Physiological investigation into the control of

tomato seed germination and priming. Ph. D. Dissertation, MacQuarie University, Sydney,

Australia.

Hanan E. D. 2007. Influence of salicylic acid on stress tolerance during seed germination of Triticum

aestivum and Hordeum vulgare. Advances in Biological Research 1: 40-48.

Hay, R. K. M. and Walker, A. J. 1989. An introduction to the physiology of crop yield. Longman

Scientific and Technical Group. Essex. UK.

Hayat, S., Fariduddin, Q., Ali, B. and Ahmad, A. 2005. Effect of salicylic acid on growth and

enzyme activities of wheat seedling. Acta Agronomica Hungaricae 53: 433-437.

He, Y. L., Liu, Y. L., Cao, W. X., Huai, M. F., Xu, B. G. and Huang, B. 2005. Effects of salicylic

acid on heat tolerance associated with antioxidant metabolism in Kentucky bluegrass. Crop
Science 45: 988–995.

Heuer, B. 1999. Osmoregulatory role of proline in plants exposed to environmental stresses. In:

Pessarakly, M. (ed.) Handbook of plant and crop stress. Marcel Dekker Inc., New York, USA. pp:

675- 695.

Horváth, E., Janda, T., Szalai, G. and Páldi, E. 2002. In vitro salicylic acid inhibition of catalase

activity in maize: differences between the isozymes and a possible role in the induction of chilling

tolerance. Plant Science 163: 1129-1135.

Hunt, R. 1982. Plant growth analysis. Edward Arnald, London.



589/$:1#2#;<=>3?@A#BCDE$&F#GHI/$I#2#C&JK#92/#?&,3#L&=&M&>$,#$K#NJ&0O3HP#HQ3#9$E#*?JF

Janda T., Szalai G., Tari I. and Pa´ ldi, E. 1999. Hydroponic treatment with salicylic acid decreases

the effects of chilling in maize (Zea mays L.) plants. Planta 208: 175–180.

Janda, T., Szalai, G., Rios-Gonzalez, K., Veisz, O. and Pa´ ldi, E. 2003. Comparative study of frost

tolerance and antioxidant activity in cereals. Plant Science 164: 301–306.

Jose, F. C., Barros, D., Mario, C. and Gottlieb, B. 2004. Response of sunflower (Helianthus annus

L.) to sowing date and plant density under Mediterranean conditions. Agronomy Journal 21: 347-

356.

Kang, H. M. and Saltveit, M. E. 2002. Chilling tolerance of maize, cucumber and rice seedling

leaves and roots are differentially affected by salicylic acid. Physiologia Plantarum 115: 571-

576.

Kang, G. Z., Wang, Z. X., Xia, K. F. and Sun, G. C. 2007. Protection of ultrastructure in chilling-

stressed banana leaves by salicylic acid. Journal of Zhejiang University-Science 8: 277–282.

Kaydan, D., Yagmur, M. and Okut, N. 2007. Effect of salicylic acid on the growth and some

physiological characters in salt stressed wheat (Triticum aestivum L.). Tarim Bilimleri
Dergisi Journal of Agricultural Sciences 13: 114-19.

Khochert, G. 1978. Carbohydrate determination by phenol- sulfuric acid method. In: Hellebust, J. A.

and Garige J. S. (Eds.) The handbook of physiological methods. Cambridge University Press. pp.

96-97.

Klessig, D. F., Durner, J., Noad, R., Navarre, D. A., Wendeh-enne, D., Kumar, D., Zhou, J. M.,
Shah, J., Zhang, S., Kachroo, P., Trifa, Y., Pontier, D., Lam, E. and Silva, H. 2000. Nitric

oxide and salicylic acid signaling in plant defense. Proceedings of the National Academy of

Sciences. USA. 97: 8849–8855.

Lee, H., León, J. and Raskin, I. 1995. Biosynthesis and metabolism of salicylic acid. Proceedings of
the National Academy of Sciences. USA 92: 4076-4079.

Livingston III, D. P., Hincha, D. K. and Heyer, A. G. 2009. Fructan and its relationship to abiotic

stress tolerance in plants. Cellular and Molecular Life Sciences 66: 2007-2023.

Miar Sadagi, S., Shekari, F., Fotovat, R. and Zangani, E. 2010. Effects of seed priming with

salicylic acid on seedling growth and vigor of rape seed under water deficit condition. Journal of
Plant Biology 6: 55-70. (In Persian).

Matysik, J., Bhalu, A. B., and Mohnty, P. 2002. Molecular mechanisms of quenching of reactive

oxygen species by proline under stress in plants. Current Science 82: 525-532.

Mir Mohamadi Maibodi, S. E. M. 2004. Cold and frizzing stress management field and horticulture

crops. Isfahan Industrial University Press. (In Persian).

Porwanto, E. 2003. Photosynthesis activity of soybean (Glycin max L.) under drought stress. Journal
of Agronomy and Crop Science 5: 1-18.

Rajaskaran, L. R., Stiles, A. and Caldwell, C. D. 2002. Stand establishment in processing carrots:

Effects of various temperature regimes on germination and the role of salicylic acid in promoting

germination at low temperatures. Canadian Journal of Plant Science 82: 443-450.

Raskin I. 1992. Role of salicylic acid in plants. Annual Review of Plant Physiology and Plant
Molecular Biology 43: 439–463.

Ratinam, M., Abd El Moneim, A. M. and Saxena, M. C. 1994. Variations in sugar content and dry

matter distribution in roots and their associations with frost tolerance in certain forage legume

species. Journal of Agronomy and Crop Science 73: 345–353

Szabados, L. and Savoure, A. 2010. Proline: a multifunctional amino acid. Trends in Plant Science
15:89-97.

Shahba, M. A., Qian, Y. L., Hughes, H. G., Koski, A. J. and Christensen, D. 2003. Relationship of

soluble carbohydrates and freezing tolerance in salt grass. Crop Science 43: 2148-2153.

Shakirova F. M., Sakhabutdinova A. R., Bezrukova M. V., Fatkhutdinova R. A. and
Fatkhutdinova, D. R. 2003. Changes in the hormonal status of wheat seedlings induced by

salicylic acid and salinity. Plant Science 164: 317–322.

Shekari, F., Shekari, F. and Esfandiari, E. 2006. Physiology of crop production. University of

Maragheh Press. pp. 412.

Shekari. F., Baljani, R., Saba, J., Afsahi, K. and Shekari, F. 2010. Effects of priming by salicylic

acid on growth traits of borago (Borago officinalis). Modern Agriculture Science 18: 47-53. (In

Persian).



 !"# $%&%'(#)*+,#-$,#)-23#./$01#)456754

Szabados, L. and Savoure, A. 2010. Proline: a multifunctional amino acid. Trends in Plant Science
15: 89-97.

Tasgin E., Atici O. and Nalbantoglu, B. 2003. Effect of salicylic acid on freezing tolerance in winter

wheat leaves. Plant Growth Regulation 41: 231–236.

Vagujfalvi, A., Kerepesi, I., Galiba, G., Tischner, T. and Sutka, J. 1999. Frost hardiness depending

on carbohydrate changes during cold acclimation in wheat. Plant Science 144: 85-92.

Van Swaaij, A. C., Jacobsen, E. and Feenstra, W. J. 1985. Effect of cold hardening, wilting and

exogenously applied proline on leaf proline content and frost tolerance of several genotypes of

Solanum. Physiologia Plantarum 64: 230-236.

Yang, W. and Naylor, R. E. L. 1988. Effect of tetcyclacis and chlormequat applied to seed on

seedling growth of triticale cv. Lasko. Plant Growth Regulation 7: 289-301.

Yu, X. M., Griffith, M. and Wiseman, S. B. 2001. Ethylene induces antifreeze activity in winter rye

leaves. Plant Physiology 126: 1232–1240.



Cereal Research, Vol. 3, No. 1, 2013 (17-32) 32

Effect of priming by salicylic acid on vigor and performance of wheat
seedlings at different planting dates

Mehdi Abdolahi1 and Farid Shekari2 

1 and 2. Former Graduate Student and Assoc. Prof., respectively, Dept. of Agronomy and Plant

Breeding, Faculty of Agriculture, Zanjan University

(Received: December 2, 2012- Accepted: May 13, 2013)

Abstract

Effects of priming by different levels of salicylic acid (SA) on some characteristics of wheat, cv.

Alvand, seedlings at two different sowing dates, conventional and late sowing dates, was investigated

under field conditions in 2009-2010. The factors were seven levels of priming by SA, including

control or untreated seeds, 400, 800, 1200, 1600, 2000 and 2400 µM SA and two sowing dates

including conventional sowing date (23 October) and late sowing (22 November). Results showed that

delayin sowing date leads to reduce emergence percent, seedling winter survival, leaf and tiller

number, leaf area index, plant dry weight and leaf area ratio. Seed priming by SA improved traits such

as leaf and tiller number, first leaf length, root length, fresh and dry weight of different parts of plant,

soluble sugar and proline content and growth indexes Especially in conventional planting date.

However, In late sowing priming only affected emergence percent, seedling survival percent, root

length and proline and soluble carbohydrate content. In both planting dated, seed priming induced a

reduction in S/R ratio. It seems that SA enhanced dry matter accumulation and distribution in roots

than shoot. The highest number of leaf and tiller, fresh weight (total, root and crown) dry weight (total,

foliage leaf sheath and crown) and S/R ratio were found in 2400 µM treatment. It seems that SA

application by increment in germination rate and emergence percent and proline and soluble

carbohydrate content in crown and leaf produced vigorous seedlings that had more potential to protect

themselves from winter freezing compared to untreated seeds. Therefore, survived seedlings increased

significantly.
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