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ABSTRACT 
Nitrate uptake in plants is very important due to environmental concerns and the quality of agricultural products. On 

the other hand, photosynthetic efficiency is considered as the principal indicator of plant growth and yield, therefore 

the ability to sustain crop stability in different environmental conditions is crucial. In this study, some physiological 

characteristics and nitrate accumulation were investigated using γ-aminobutyric acid (GABA) and calcium lactate in 

lettuce of Dimayo cultivar. For this purpose, GABA solutions with three concentrations (0, 0.5 and 1.5 mg/l) and 

calcium lactate with three concentrations (0, 1 and 2 %) and their interaction were used, as foliar spraying during two 
times including after seedling transplant and two weeks later. This factorial experiment was performed in a 

completely randomized design in the greenhouse. GABA treatment of 1.5 mg/l + calcium lactate 2% showed the 

highest yield, total chlorophyll and relative water content. However, the highest ion leakage and nitrate accumulation 

were obtained in the leaves of control plants. Also, the lowest amount of nitrate accumulation was measured in 

GABA treatment with a concentration of 1.5 mg/l, which reduced the amount of nitrate accumulation compared to 

control plants by four times.   
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 .7�*(Lactuca sativa L.) 38�  9�2�$ 94�$ :#%/


�8; <=��># 94�$ 0# � ?$( )Afsari Yeganeh et 

al., 2022(. :-���#� 9(�(� �#(@A B��( %CD �( 9�7 A �

B �C  �E �(.� � 0-=."5 9�71-$( ��71-E."/��* �

 3-�!* � 3#4-"� �%F�5 %-CD �D1G���  1
�&

(Perucka & Olszowka, 2011). H��F�$(  9�7�.* �(

 �#�-	-
?8; <&  9����I* '2.JK� 1-=./ L#(45(

 M&�"� �+�.=, N-=� <& O, P�Q �  9(�(���1K�?# 

?$( & 0-D�+�( �(.� �( H��F�$( 
�-� :#( �� <*<  

�.C"� H��8D �( <"-8& H��F�$(  ?$� <& � 9����I* 9�7

2�& 9�7�%>!	  
���,  ?�R$ �� �	8� ��-�& LSD

 L7�* 
�%* <"#��8D 9��$(� �� .��(� 9����I*

 � �=, 9�7�.* �"#4T#�; � �#�-	-
 9�7�.* U%J�

 9(%& N��  :#%�8& <* H�(� 
�ID '�G=�V� ����#�

#(45( � P�Q 94-W!X�Y L#(45( �F-* � �	* L

 .?$( ���#� 9�7�.* �( H��F�$( �9����I* '2.JK�

H1""* 4-W!X�Y �(.� <& ���#� 9�7�.*  ZR[( 9(

��  �( <D.+ 1"\ �# 0# �( �5�* �(1G/ 9��Y <* 1D.


9%�*�& 1"��7 94*�Q 1"��.$ 9�7 )Nasir Zadeh et 

al., 2021(.  <* (1-$( 0#%-/.& ."-�, ���+) �&�+ ]-*%/

^.!$ �� 
, �._Y ^�$ �� �7�-+ 9�71990  <&

 <"&%* ��8\ �"-`/�%a%-A <"-�, 1-$( 0# �1-$� '��)(

 �� �(�, <"-�, 9�71-$( �( �8;./ N&�� LW& <* ?$(

^.!$ �� N->I/ (� �7�-+ 9�7 17� )Bouches & 

Fromm, 2004(. b#%[ �( 
�7�-+ �� �&�+ 

�� 1-=./ '���/.!+ 
.-$R-�*.&%*� �.
 )Wang et 

al., 2014(.   M	c/ 
�7�-+ �� L"/ <& d$�a �� �&�+

�� 1&�# (Shelp et al., 2012).  �&�+ �;��Q �%&��*

��  ?-=�G5 b#%[ �( L"/ <& N	K/ �H�-+ 1
� 1D(./

 :-D2, M	c/ �
e�%�-D 3�-=.&��� 9�7%-�� �� 3#4D,

 L"/ %&(%& �� f5�K�<D.+ M	c/ �( 9%-+.!; �  9�7


g-�*( ^�G5(ROS)
1  U@Y � ^.!$ h%� �ROS  (�

1IW& �.�8& (Barbosa et al., 2010).  �� �&�+ �(1S�
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?5�& �� L#(45( �I#�� 9�7  1"7�)Kinnersley & 

Turano, 2000.( 37  � 4�"$.�5 ��I#�� 1
� :-"\

�� L#(45( (� �7��+ ^���/ ?-5%j  4�"$.-& 4-D � 17�

d$�a �N-5�%!* ��D, %-A �	#4D, 9�7  � �D(1-�*(

�� 0#%K/ (� k�IA 9�(1#�a  1"*)Luo et al., 2011.( 

�&�+ �& ?C!A 1 ��!- l%+ %& %�-= m �& L#(45( 1
� 

9(4;( � �I#�� �%>!	  H1
 �1*  ?$(

)Ashrafuzzaman et al., 2010 .( '�
�(4+ b�[ %&

 9�&�+5 �!-� = %& l%+-%� + N* �%>!	 -H�  (� 1c"*

(45(#L ) �(�Zubair et al., 2010.( 38� �( �>#  :#%/

H(� �3-�!* ^�	 ( l�-a ^�S�D( � 9�(1D(  
��� 9�7

P%K� %&(%& �� �=.!$  d$�a ��%& � n!�W� 9�7

 ?$( ]$�"�(Kader & Lindberg, 2010) . �� 3-�!*

3�-D�>� 3-C"/  i#(%
 �� 
�7�-+ n!�W� 9�7

 .��(� LSD 9�.
 � ��%$ ���%+ ��&, 3* o%-CD �V-K�

L"/ <& N	K/ �.�8& �� 3-�!* ?�p� %)(  %-A 9�7

3��-$ ?-=�G5 ��&, i&(�� 3-C"/ <& ���#�  9�7

��D, ?-=.	$( ?
��D( ��D(1-�*(  9.�K� �.�8& ��7

<D(1TD� <#@q/ ^��G/ � 94�"$.�5 9�7  H�(� ?��D 9(

?$( H1
 (Kurtyka et al., 2008) . 3-�!* �%&��*

 <;.+ �� r :-���#� �(1S� � �%>!	  L#(45( m �&

 �%>!	  bD�� m �& 3-�!* '(%�-D �%&��* ��TD%5

 ?-F-* fFY ]�$ 3-�!* '��*2 �%&��* 4-D � 
.Q%/

W/ MD�� � s#.7 � .7�* ?5�& � ?5( � N-5�%!* ]#%


.=�� 1-=./ � r :-���#� 
(4-� 9�  t�"F$( �� 1-E1=,

1
 )Dong et al., 2004; Heydari et al., 2014; 

Martin-Diana et al., 2005; Wen-bin et al., 2013(. 

 9�7�.* �( 1Y �( L-& H��F�$(<De�%�-D  ?$( :>	�

 H�-+ <!-$� <& '(%�-D ��#� O@; � �+�.=, m �&  �.
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9��	-& ��%& ]�$ <* H1
  
��D( �� 9�1G�� 9�7
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 )Haft Baradaran et al., 2018.( %+( <\
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��D( 9(%& ��(1D��$( 1Y �( %�	* �� '(%�-D
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1"��7 P�D%VQ )Hasani Moghadam et al., 2019.( 
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��D( 9(%& '(%�-D <D(��� U%J� ��(1D��$( ��D�8; (�

7/3 �!-�  :--G/ 
1& 
�� l%+.!-* %7 9(�( <& l%+

 ?$( H�%*(WHO, 1978). 	c/M '(%�-D �� 
�7�-+ 

?K/ %-)w/ 9��-�& �( N�(.   �>-�De � �V-K� �(%�

<& ��.� :#( � ��(� �<D.+ �3�� l(1D( 9�7 n!�W� H�-+ �

$: �& �>-�De 9�7�.�*�5 ��T� ��(� )Tabande & 

Safarzadeh Shiraze, 2018.(  l���( �( H��F�$(

 � �.* <"-8& U%J� ���.-D.�, <#�a 9�7�.* �]$�"�

B�� �( 0-D�+�( 9�7�.* 
��45(  L7�* 9�7 M	c/

'(%�-D �� '�c#4�$ �� %7 .1
�& �!��  <* %c"� <& 

L7�* 
 H�-+ �� ���*��� '(%�-D 3#4D, ?-=�G5��. <& 

9.KD �& M	c/  H(%	7 H�-+ �#(.7 l(1D( �� '(%�-D

?$( . 3* H�-+ �#(.7 l(1D( <& <I#� �( '(%�-D ^�S�D(

 � <��$ <& ^�S�D( �'(%�-D �(1S� L#(45( �& �=� ?$(

h%&  �7�� 0#%K/  <* �V#(%
 ?K/ :#(%&�"& .�.


 ?-5%j ��.
 U%J� �De�%�-D �.* 9��#� �(1S�

�� L7�* '(%�-D 9�-Y(  �(��� %#��S� ?#�8D �� � 1&�#

h%& <& '(%�-D �� ^�S�D( �7 1&�# .b�[ '�G=�V� 

94�$ ��7�-+ <#@q/ :-JJW�� �79  <& ?��D �+%&

.JK� %#�$2 M	c/ <& 9%�I-& N#�	/ �7�-+ '

1D�(� '(%�-D )L’hirondel et al., 2002 .(�.D �3* 

9��� ��#� L"/ � 79� ��&.[� %c"� <& L7�* ?-=�G5 

3#4D, k�-Y( H1""* �-D'(% � �� <c-�D L#(45( M	c/ 

'(%�-D �� 1D�%+ )Alexander et al., 2008(.  LSD

H%-Qx �(.� M	c/ �� iS5 4�"$.�5  9���Q�$ � 9(

�� 4�"$.�5 '2.JK� <* 9�.[ <& �?�-D H�-+  1"D(./

:--G/ 4�"$.�5 .1D.
 M�(� %)y� 94	$( 3-C"/ �� 

 �#�D(./ � ?$( 
�7�-+ �%>!	  � 1
� �!X( H1""*

n!�W� i#(%
 �� 
, fFY  '��) 9(%& �V-K�

L7�* .?$( 38� �%>!	  (� 4�"$.�5 ��  <& 
(./

<D��� ?#(17 
�JSD (  i#(%
 ?K/ <* �(� ?��D 9

L7�* L"/ �� .1&�# $.�5 �& '(%�-D M	c/ 
(4-�4�" 

<V&(� z>  ��(� � %7 !�� � �( <!	; L7�* ��� <* 

]�$ L7�* 4�"$.�5 $ ��%+]� L#(45( M	c/ 

'(%�-D �� ?5�& 9�7 H�-+ �� ��%+ )Marschner, 

1995 .(37 -"\: ?Q.$ � ��$ '(%�-D �� -+H� ?K/ 

%-)w/ 
'1 �.D ?$( <* 9�.[ <& L7�* ?-=�G5 3#4D, 

k�-Y( H1""* �-D'(% � 
(4-� 4�"$.�5 �� �.D :-#�a � 

l1  N#1�/ '(%�-D $ �=, �(.� <&]� H%-Qx %�I-& 

'(%�-D �[ 
����� �� �%+�L7�* . 4�"$.�5 �� 1D(./ 

<& N-=� ?#(17 <D��� 9( :-#�a L7�* �%/ 9�71"#,%5 

�>-=.&��� Hg#� <& O@; �� �+1D�(���& �:&%* ?-5%j 

94�"$.�5 � �# H4-�, 9( �( ��(.� H�%���D  1
�&)Jamil 

et al., 2007.(   

/ �$�%& <G=�V� :#( l�cD( �( U17)w]-*%/ %-  9�7

���+ ."-�,  1-$( 0#%-/.& � %& 3-�!* '��*2

37 � .7�* 1
� �& i�/%� '�-X.JQ <G=�V� :-"\ 

 <& N#�	/ L7�* �� ]-*%/ �� :#( �#�D(./ 
(4-�

h%& �� '(%�-D �T�
��D(  3�� 9.7�* �*(�.Q 9�7

�� .#�	#� 1
�& . 
  

5�� � 	��  ��  

 ��8& �� L7�ga :#(1398 <&   L#���, 0# '�.X

94�$ �/�S-SK/ <D�W!+ �� ��D(1!+  H�TID(� 9��*

 '�.X <& L#���, .1#�%+ (%;( 
��%* %"7�& 1-8


 � �(%>/ <$ �� � �5��J/ R��* {%[ ]=�� �� N#�.�*�5

 �I#���, 1Y(� %7 �� � ��	-/ <�$� <D |.	c� ��

 �(1G/25  9.7�* 9�7�@& (1�&( .1
 <�5%+ %CD �� </.&

 1X�� 0# ^.!K� �� .#�	#� 3�� H��8& }����

 %VS� O, �& � �KV$ N#%�$( 3#1$ ?#%!*.~-7

 :#���%5 �� z~$ �1D1
 H�(� .I��
 <D�W!+ �� H��

�"-$ 
���  1"!+.7 ^.!K� �( � 1D1
 ?I* k�ID 9�7


(1!+ <& ^�S�D( 
��� �/ l��8\ 0#  9(%& �#�8D 9�7

<�7�-+ <#@q/  �( N�� ?I* %��& .1
 H��F�$( �7

 <$�� �( ��-*%/ �7�ID ^�S�D(  �& }�� ?-a � 9��&

?��D %��& .�.& 9���� 9�7 ?I*  
(1!+ 
��� �#�8D

�.!W� oN��
  �& ?-=%a � 9��& <$�� � }�� ?-a

?��D .�.& 9���� 9�7 
(1!+ <& �7�ID ^�S�D(  9�7

<�7�-+ �+%& L
 <!Y%� �� h�4&  3�� .1
 l�cD( �7

 9(�(� l���( <!	; �( �b-SK/ :#( �� H��F�$( ��.�

h%&  �+�%I5 �& � 
�� 0�$ 17 �n-V= ��-�& 9�7

�� i$.�� .1
�& (%� H�-+ �1  0# 
(1!+ %7 �� �

 .?5%+ ��1Y 
(1!+ %V� H�(1D( <& <;./ �&46 
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(1!+ �%��  <!X�5 0# �& �7��#%S/ 4 

��D�$  �(%� 37 �( 9%��+ 1
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 ��K= �[�-�Y( <!X�5. � ?I* ���4<   9.; �# 9(
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�#�a �� � 1
� 
 %7 �%&��*��	-/ b�[ :-& <!X�5 �
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.�.& ��	-/ %7 ^.!K� N��
 b-SK/ :#( 9�7�.�*�5  9�7

 ���+�, 1-$( 0#%-/.& ."-)GABA(  ?C!A <$ ��

�!-� 3-D � 0# � 3-D �%FX)  %& l%+ '��*2 � (%�-=

 ?C!A <$ �� 3-�!*) .1D�.& (1X�� �� � 0# �%FX

^.!K� <!Y%� :-=�(  �7�ID ^�S�D( �( 1G& <�F7 �� ��
�a


(1!+ <&  <!Y%� :-��� � 1
 l�cD( �!X( 9�7

^.!K� ^.!K� �( 1G& <�F7 �� ��
�a  '�.X ^�( �
�a

:N��
 L7�ga :#( �� �&�#��( ��.� '�FX .?5%+ 

 N-5�%!* �(1S� �N*�%>!	   b�[ �# �*(�.Q 17

h%& |.	c�) (�*(�.Q 9�7� ��D.# ?ID 1X��  1X��

O, 9(.�K� ��D<D��� ?#(17 ��=�Q 4�"$.�5 ��  �9(

 ���*��� '(%�-D 3#4D, ?-=�G5 � h%& '(%�-D 
(4-�

.1D�.&  B�� �( N-5�%!* 
(4-� Lc"$ 9(%&

Lichtenthaler )1987H��F�$( ( 1#�%+ . :--G/ 9(%&

�IA 9�(1#�a 9�=.!$ h%& �� �D.# ?ID 
(4-� � �( �

B�� Kumar & Dey (2011) 1#�%+ H��F�$( :--G/ .

<D.	D �� '(%�-D M	c/  3#4D, ?-=�G5 
(4-� 4-D � �7

 B�� �( H��F�$( �& ���*��� '(%�-D%��./.5�%�>~$( 9

� t.� ^.[ �540  %��./.5�%�>~$( H�T�$� %��.D�D

.>-D.# ^1� UV2100 ?Q�$ 1
 l�cD( �>#%�, 

(Coronel et al., 2008). <D��� ?#(17 9�7%��(��a  9(

 �( H��F�$( �& �h%& �� �=�Q 4�"$.�5 ? %$ �

h%&  <�7�-+ H� 3�I7 � 3�F7 <�5�# <G$./ R��* 9�7

 H�T�$� �& </.& 9�� <&�I� ?-G�.� �& ��	-/ %7 �( .7�*

N-5�%!*   ^1�) %�	#�.!5Hansatech LID Pocket (

H�(1D( h%& �:#�./ 9(%& .1D1
 9%-+ ) 17 ��D�; 9�74 

 �/5  � U@Y (1�&( �1"�
(1D (� l�2 �+�%I5 <* (h%&

h%& 9(�(� 17 iS5  <	7 �� 3*(%�� � H1-
.a%$ 9�7

.1D1
 
�� �7��	-/ H�(� �79 NX�Y l%D �& �(45(SAS  

) 
e��9.3( �4c/ ��.#<  � !K/-N 5%+ �(%�1"�  �

�S�<�# �:-TD�- �7 <"�(� 1"\ 
.��, �( H��F�$( �& (9 

 ^�	�Y( �V$ �� :>D(�1X�� s"a  '�.X .?5%#@a  

  

 67� � 8��
�  

 �� �������  

 �N* N-5�%!* ?FX �� zD�#�(� <#4c/ s#��D b�[ %&

 � 1X�� 0# �V$ �� 3-�!* '��*2 � �&�+ H��$ %)(

�"G� 1X�� s"a �V$ �� ]-*%/ �� :#( N&�S�� %)(  �(�

 ?$( H1
 ^�1;)1 :-TD�-� <�#�S� ^�1; s#��D .(

 ��	-/ <& �.&%� �T"#4�$ �(1S� :#%�I-& <* �(� 
�ID

 9�&�+ �%&��* ��-*%/5/1 �!-�  '��*2 � %�-= �� l%+

 ��	-/ �� 
, 
(4-� :#%�	* � �.& 1X�� �� 3-�!*

 ^�1;) 1
 H17�I� 17�
3�� %CD <& .(  <& �&�+ 1$�

�Q� �& 
e�%�-D �( �G�"� 
(."  3��-$ �� ?=

 
(4-� L#(45( m �& 91
� �%>!	  � H�-+ 94�"$.�5

�� N-5�%!*  .�.
H1
 B�(4+ ?$( <* �&�+ �� ?C!A 

1 �!-� l%+ %& %�-= %& 9�� H�-+ �.WD H�-$ 9.�K� 

(� N-5�%!* L#(45( H�(� ?$( )Islam et al., 2010.( 

�� (� N-5�%!* 
(4-� L#(45( �� 3-�!* LSD  <& 
(./


, %-)w/ ^.>=.� M	c/ ��  �� N-5�%!* :-`/�%a.a, 9�7

 .?�D(� i�/%� :�D, N-5�%!* z>!~	* 3-�!* �%&��*

 1
 B.cD�%� H�-+ �� N-5�%!* 
(4-� L#(45( m �&

(Dordas, 2009) . L#(45( �( MD�� 3-�!* '��*2


.=�� 9(.�K� ��=.!$ 9�IA 9%#@ax.FD 9�  �1-E1=,

-���#� 
(4-� L7�* � N-5�%!* ]#%W/ �� r :

?$( H1
 t�"F$( (Wen-bin et al., 2013).   

  

�� ������  

 
(4-� <* ?$( :#( �� �=�Q O@; ? %$ ?-	7(

l(1D( i$./ H1
 l�cD( 4�"$.�5 �� �7�-+ 9�7  1D(./

<CYR� N&�� 38$  .1
�& <�
(� ^.JK� �%>!	  �� 9(

 �(� 
�ID 17 �%>!	  ?FX �� zD�#�(� <#4c/ s#��D

 �&�+ H��$ %)( <* 1X�� 0# �V$ �� 3-�!* '��*2 �

�"G� 1X�� s"a �V$ �� �� :#( N&�S�� %)( �  H1
 �(�

 ^�1;) ?$(1 :-TD�-� <�#�S� �( NX�Y s#��D .(
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 9�&�+ N&�S�� %)( ��	-/ <* �(� 
�ID5/1 �!-�  �� l%+

 3-�!* '��*2 � %�-=2  �%>!	  
(4-� :#%�I-& 1X��

)11/28 :/ �� ���>7( D <& <;./ �& (� 9(�(� <* 3�� |.

 1G& <!Y%� �� � <�
(� ?I* |.D 4-D � H�.& 0�$ 17

 ��	-/ '��F/ �*1D( �&5/1 �!-�  <& �&�+ %�-= �� l%+

 .?$( H�.& %)y� 1X�� 0# 3-�!* '��*2 H(%	7

 ?$( H�.& 17�
 ��	-/ <& �.&%� 4-D �%>!	  :#%�	*

 ^�1;)3 3�-=.&��� �� �	8� LSD 3-�!* � �&�+ .(

� 
e�%�-D
, �( ]$�"� ?C!A :#(%&�"& �1D�( �� �7  1D(./

 H��� L#(45( m �& <c-�D �� � H�(� L#(45( (� 4�"$.�5

�.
 H�-+ �%>!	  4-D � 0IQ )Bouches & Fromm, 

2004 .( <* H�(� 
�ID '�G=�V�^.!K�  �
�a9�&�+ 1  �

5 ��!- l%+ %& %�-= m �& ]-/%/ <& L#(45( 1
� � 

�%>!	  �1* H1
 1c"* � ?$( )Ashrafuzzaman et 

al., 2010, Zubair et al., 2010.( 37 :-"\  �%&��*

 m �& H1""* ?#.S/ N��  0# 
(."  <& 3-�!* '��*2

�� s#.7 � .7�* ?-F-* � ?5�& fFY �.
 )Martin-

Diana et al., 2005(.  

  

���� ���  

 '��*2 � �&�+ H��$ %)( zD�#�(� <#4c/ s#��D b�[ %&

 �V$ �� 3-�!* �� :#( N&�S�� %)( � 1X�� 0#

 �D.# ?ID ?FX �� 1X�� s"a �V$ �� H���

�"G�  ^�1;) ?$( H1
 �(�1 <�#�S� s#��D �$�%& .(

 :#%�I-& <* �(� 
�ID �D.# ?ID 
(4-� �� :-TD�-�

 9�&�+ ��-*%/ ��	-/ �%&��* �� k�IA 9�(1#�a5/1 

�!-�  H1#� �1X�� �� 3-�!* '��*2 �& %�-= �� l%+

 �� 1

.# ?ID 
(4-� :#%/2�& <* �=�Y  � �7

<D.	D �� ]#%W/  ^�1;) �.& H�(� �� 17�
 9�73 .(

?�p� %)(  �k�IA 
1#� <�1X �( 9%-+.!; �� �&�+

 �#(��* � N-5�%!* 
(4-� �.�8& �^.!$ i#(%
 �.�8&

 ?$( �#�-	-
.-& %�8&(Nayyar et al., 2014) .

�!a ^�J/( �� 3-�!* :-`/�%a � �71#��*�$ 7 9�

 4-D � ?$( �(@+%)( �=.!$ H�(.#� H1"7� N->I/

 9�IA �&�W�D( 9%#@ax.FD 3-C"/ �� �	8� LSD

 1
� 3-�!* 1��5 i-K� �� H�-+ ���� .��(� �=.!$

�� �� (�(%/ �=.!$ 9�7�IA 1"*  �.Q �#(��* � �.



.# �(�, ��I�D( �( 9%-+.!; �� (�  ?$� �( �7

�� ?$( :#( �( �*�Y s#��D .17�  �%&��* <*

 9�(18TD � fFY �& 1#%!* 3-�!* � �&�+ 9�7��	-/

 H�-+ �� �D.# ?ID L7�* m �& �k�IA l�>K�$(

) ?$( H1
 ��%$ L"/ ?K/ sD%&Jia et al., 2017 .(

<G=�V� 9( ^.!K� �(� 
�ID 3�\ 9�� %&  �
�a ���+

 1-$( 0#%-/.& ."-�, �=.!$ 9�IA '��) fFY m �&

�%+ �&, 3* L"/ i#(%
 ��) ?$( H1#Krishma & 

Laskowski, 2013.(  

  

^�1; 10-D�+�( 9�7��	-/ %)( zD�#�(� <#4c/ s#��D . �+g#� �Q%& %& .7�* �%>!	  � 0#e.=.#4-5 9�7  3��.#�	#�.  
Table 1. Results of analysis of variance of the effect of organic treatments on some physiological characteristics and 

yield of lettuce ‘Dimayo’. 
Mean of squares  

df 
 

Source of variation Relative water content Ion leakage Head yield Total chlorophyll 
314.77** 0.075** 24.741** 98.76** 2 GABA 
531.44** 0.123** 13.211** 83.18** 2 Calcium Lactate 
41.555* 0.0045* 3.2508* 5.82* 4 GABA× Calcium Lactate 
14.22 0.0011 0.814 1.434 18 Error 
4.861 6.4606 4.831 7.565 _ C.V. (%) 

ns� * �  :**<& ]-/%/ �.�D '��F/ �"G��(� � '��F/ �"G��(� �� �V$ ^�	�Y( 5 � 1 1X��.   

ns, * , **: Non-significantly difference and significantly difference at 5 and 1 % probability level, respectively.  

 ^�1;2 . s#��D<#4c/  %)( zD�#�(�0-D�+�( 9�7��	-/  %&'(%�-D M	c/  4�"$.�5 �.7�*  3��.#�	#�. 

Table 2. Results of analysis of variance of the effect of organic treatments on nitrate accumulation and photosynthesis 
of lettuce ‘Dimayo’. 

Mean of squares 
df Source of variation 

Nitrate reductase activity Nitrate accumulation Stomatal conductance Net photosynthesis rate 
0.0028** 562.64** 176.56** 1643.81** 2 GABA 
0.000022* 2240.39* 133.340** 141.26** 2 Calcium  Lactate 
0.00028** 30219.83** 0.2349* 0.063* 4 GABA× Calcium Lactate 
0.000004 451.25 111.08 423.01 18 Error 
5.2186 3.0225 13.69 18.58 - C.V. (%) 

ns�  *�  :**<& ]-/%/ �.�D '��F/ �"G��(� � '��F/ �"G��(� �� �V$ ^�	�Y( 5 � 1 1X��.  

ns, * , **: Non-significantly difference and significantly difference at 5 and 1 % probability level, respectively.  
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 �	 � !" #
�$%&  

H�(1D( B�� :#1"\ �( �># ���D O, 9(.�K�  9%-+

 N-�D��a �& �>#�4D <V&(� <* ?$( ?5�& �&, ?-G��

 ��(� h%& �&,(Heidari et al., 2014).  <#4c/ ^�1;

 <* �.& 
, %TD�-& ���D O, 9(.�K� ?FX �� zD�#�(�

 � 1X�� 0# �V$ �� 3-�!* '��*2 � �&�+ H��$ %)(

 %)(�"G� 1X�� s"a �V$ �� �� :#( N&�S��  H1
 �(�

 ^�1;) ?$(1 �*�Y :-TD�-� <�#�S� ^�1; s#��D .(

 h%& ���D 9(.�K� 1X�� :#%�I-& <* ?$( 
, �(

 9�&�+ ]-*%/ %)( <& �.&%�5/1 �!-�  �& %�-= �� l%+

 ��1Y �1X�� �� 3-�!* '��*290 �� 1X��  � 1
�&

h%& �� ���D 9(.�K� �(1S� :#%�	*  17�
 ��	-/ 9�7

 ^�1;) 1#�%+ H17�I�3 �%&��* .( 3-�!* '��*2

 L7�* � l�>K�$( L#(45( �zF"/ 
(4-� L7�* m �&

�� �>#e.=.#4-5 '2R�Q( ��%& �.
 )Lamikanra & 

Watson, 2004 .(^.!$ l�>K�$( �& 3-�!*  %)( � �7


, zD�$e�./  <�
(� %)( ���D O, 9(.�K� 
(4-� %& �7

18TD ?-!&�� �^.!$ O, 9�( �� L#(45( (� �7 .17� 

 3-�!* '�F=.$ �( H��F�$(5 �!-�  <;.+ �� ^.�

 L#(45( <& %c"� 3�\ 
�7�-+ �� �&�+ � �TD%5

1#�%+ %�8& ?-F-* � O, ���D 9(.�K� )Levent 

Tun et al., 2007, Krishma & Laskowski, 2013(.  

  

'(�) *$+,�$� ���,  

 %)( zD�#�(� <#4c/ s#��D b�[ %& '��*2 � �&�+ H��$

 �� H��� �� :#( N&�S�� %)( � 1X�� 0# �V$ �� 3-�!*

�"G� 4�"$.�5 ? %$ ?FX �� 1X�� s"a �V$  H1
 �(�

 ^�1;) ?$(2 :-TD�-� <�#�S� ^�1; }�$( %& .(

 9�&�+ ^.!K� l(./ ��	-/ �� 4�"$.�5 
(4-� :#%�I-&5/1 

�!-� 4-� <& �1X�� 0# 3-�!* '��*2 �& %�-= �� l%+ 
(

04/16  ^�1;) ?$( H1
 NX�Y <-D�) %& ^.��%>-�4 .(

 �( L-&50  94�"$.�5 3��-$ <& h%& 
e�%�-D 1X��

 � 94�"$.�5 ?-5%j :-& �>#�4D i&(�� � ?$( <��&(�

.��(� �.;� h%& 
e�%�-D �(1S�  <Q%\ �� ?*��I� �& �&�+

 L#(45( m �& H�-+ �� 94�"$.�5 �(.� M	c/ � za%*

-+ 0IQ H��� 1X���� 4�"$.�5 L#(45( b#%[ �( H�  �.


(Pour Azar et al., 2014).  3-S��� �.[ <& 4-D 3-�!*

 L7�* �
, �.�	* � ��(� ?=�Q� 4�"$.�5 9�71"#,%5 ��

 H(%	7 <& (� 
�7�-+ �� 4�"$.�5 � 
.-$R-�*.&%* �#(��*

 ��(�)Kokabi et al., 2012 .( �%&��* �TD%5 './ ��

 <��D(./ 3-�!* 1#%!* �.
 4�"$.�5 '1
 L#(45( ];.�

)Zahedi Pour & Asghari, 2019(.  

  

��-�. ��
��  /�� #
  

<D��� ?#(17 ?FX �� zD�#�(� <#4c/ s#��D  
, %TD�-& 9(

 0# �V$ �� 3-�!* '��*2 � �&�+ H��$ %)( <* �.&

 1X�� s"a �V$ �� H��� �� :#( N&�S�� %)( � 1X��

�"G�  ^�1;) ?$( H1
 �(�2 .( :-TD�-� <�#�S� s#��D

<D��� ?#(17 :#%�I-& <* �(� 
�ID  9�&�+ ��	-/ �� 9(

5/1 �!-�  H17�I� 17�
 �� 
, :#%�	* � %�-= �� l%+

 ^�1;) 1#�%+4.(  1-$( 4�"$ 9(%& (� <"-�� �&�+

<D��� 
1
 <��& <& %c"� :#( � H�%* 37(%5 0#4-�&,  �7

�� �&�+ ��-=.	$( %)( ?K/ h%& O, L#(45( � .�.
  ��

 
1
 <��& � ��& 3�-D�>� 3-C"/ �& 3-�!* � �&�+ M�(�

<D��� ?#(17 L#(45( m �& �<D���  O, O@; 4-D � H1
 9(

�� �.�8& (� H�-+ �� ) 1IW&Jakab et al., 2005(.  

  

^�1; 3. & 3-�!* '��*2 � 1-$( P%-/.& ."-�, ���+ %)( :-TD�-� <�#�S�.#�	#� 3�� .7�* '�-X.JQ �Q%& %.  
Table 3. Mean comparison the effect of γ-aminobutyric acid and calcium lactate on some charachteristics of lettuce 

‘Dimayo’. 
Treatments 

GABA 
Total chlorophyll  

(mg/g FW) 
Head yield 

(ton/ha) 
Ion leakage 

(%) 
Relative water 

content (%) Calcium lactate 

0 
0 

0.5 
1.5 

10.34 e 
12.64 d 
15.36 c 

16.11 e 
17.16 de 
26.24 b 

49.67 a 

38.92 b 
35.64 c 

66.89 de 
67.31 de 

84 c 

1 
0 

0.5 
1.5 

12.24 d 
14.55 c 
20.2 b 

17.13 d 
17.65 d 
27.63 ab 

31.33 cd 
36.60 c 
30.62 d 

69.89 d 
71 d 

87.71 b 

2 
0 

0.5 
1.5 

15.06 c 
13.31 d 

25.01 a 

17.70 d 
24.45 c 
28.11 a 

31.08 cd 
26.67 e 

23.50 f 

85.67 b 
86.01 b 
90.01 a 


.�$ %7 �� :-TD�-�  ^�	�Y( �V$ �� :>D(� 
.��, }�$( %& �1"��7 P%�I� U�%Y 9(�(� <* �#�75 �"G� '��F/ 1X�� .��(1D 9�(�  

Means in each column followed by similar letter(s) are not significantly difference at 5% probability level using Duncan test. 
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?C!A 2�	�Y( b-SK/ :#( i#(%
 ��  ��* <& 9�7

 ?#(17 ?FX �� � H�.& �5�*�D 3-�!* '��*2 �( <�5�

<D���  �&�+ ��	-/ %)( � H�%>D ��c#( �D(1"\ %--q/ 9(

?C!A �( H��F�$( 1#�
 � H�.& %/���&  '��*2 %/2�& 9�7

 3-�!* �� �"G� � '��F�� %)( <��D(./  <& ?��D 9�(�

 .1
�& <�
(� 17�
  

  

 /�� 0
�$�� �
*�&  

D �$�%& h%& '(%�-D 
(4-� ?FX �� zD�#�(� <#4c/ s#��

 �& �&�+ l�./ ]-*%/ � �&�+ H��$ %)( <* �.& 
, �( �*�Y

�"G� 1X�� 0# �V$ �� 3-�!* '��*2  .?$( H1
 �(�

 �� �#�8"/ <& 3-�!* '��*2 %)( <* ?$( �=�Y �� :#(

�"G� 1X�� s"a �V$  ^�1;) �.& H1
 �(�2 }�$( %& .(

TD�-� <�#�S� ^�1; �� '(%�-D M	c/ 
(4-� :#%/2�& �:-

 9�&�+ ��	-/ <* �=�Y �� �H�.& 17�
 ��	-/5/1 �!-�  l%+

 �� '(%�-D M	c/ 
(4-� �8;./ N&�� �.[ <& %�-= ��

 �(� L7�* 17�
 ��	-/ %&(%& ��8\ ��1Y (� ^.JK�

 ^�1;)4?C!A .(  9�75/1 �!-�  � �&�+ %�-= �� l%+2 

:#( %TD�-& 3-�!* '��*2 1X��  M	c/ :#%�	* <* ?$(

 1#�
 <\%+( �!X( � h�4& %)( za �H�(� �� '(%�-D

�& 37 3-�!* '��*2 LSD �=� ?$( �&�+ <& �.&%�  %-)w/

 �� ���*��� '(%�-D 3#4D, ?-=�G5 �.�8& b#%[ �( � H�.�D

 <* H1
 B�(4+ .��(� ?-	7( '(%�-D M	c/ L7�*

, ?-=�G5 L#(45( m �& .7�* 9�� %& �&�+ �%&��* 3#4D

?$( H1
 h%& '(%�-D L7�* � ���*��� '(%�-D )Gong 

et al., 2012( . '(%�-D 3#4D, ���Q�$ 9(4;( �( �>#

 3-�!* ?-G�� �.�8& 
��� �� <* ?$( 
1�-=.� ���*���

37 
1�-=.� � 3-�!* %J"  �� <* :#( N-=� <& �(��%-D1 

 � L#(45( ���*��� '(%�-D 3#4D, ?-=�G5 za �1"��7

�� �.�8& <�"; �( 3-�!* '��*2 9�(@+%)( N-=� � 1&�#  9(

 .1
�& :-"\ :#( 1#�
37 :-"\  H�-+ �� 3-�!* '�"&%*

?$( H�(� L7�* (� '(%�-D M	c/ �H�%� )Mumivand et 

al., 2013(.  

  

 -�$���. 0
�$�� 1�*�" ��(�2�  

l(1D( '(%�-D 
(4-� <* 9%T#� N�(.  �(  (� �7�-+ 9�7

�� �(%� %-)w/ ?K/ �17�  ���*��� '(%�-D 3#4D, ?-=�G5


, �( .?$(  
.-$R-	-$, �� ���*��� '(%�-D <* �#�;

 3#4D, 0# ���*��� '(%�-D 3#4D, � ?$( 38� '(%�-D

0#%K/  ?-=�G5 :-& �>#�4D ���/�( :#(%&�"& �?$( H1""*

 �& � ��(� �.;� 
�7�-+ �� '(%�-D �(1S� � 3#4D, :#(

M	c/ �( 
, ?-=�G5 
(4-� L#(45(  17(.Q <�$�* '(%�-D

 1
(Pour Azar et al., 2014).  <#4c/ ^�1; }�$(%&

<& 37 �&�+ %)( zD�#�(�  �& N&�S/ �� 37 � H��$ '�.X

�"G� 1X�� 0# �V$ �� 3-�!* '��*2  � ?$( H1
 �(�

'��*2 H��$ %)( �"G� 1X�� s"a �V$ �� 3-�!*  �(�

 ^�1;) ?$( H1
2 :-TD�-� <�#�S� ^�1; s#��D .(

Y '(%�-D 3#4D, ?-=�G5 :#%�I-& <* �.& 
, �( �*�

 9�&�+ ��	-/ <& �.&%� ���*���5/1 �!-�  H�.& %�-= �� l%+

 �� '(%�-D M	c/ 
(4-� :#%�	* ��	-/ :-	7 ����G�� <*

 ^�1;) ?$( <�
(� (� ^.JK� h%&4.(  3-C"/ �& �&�+

 L#(45( m �& .7�* �� ���*��� '(%�-D 3#4D, 
e 
�-&

4D, ?-=�G5 H1
 '(%�-D 
(4-� L7�* � ���*��� '(%�-D 3#

 ?$((Tian et al., 2015) . H%/ 
�7�-+ 9�� �&�+ 9%~$(

 ?-=�G5 L#(45( b#%[ �( '(%�-D L7�* <& %c"� �TD%5

?$( H1
 ���*��� '(%�-D 3#4D, )Li et al., 2015(.   

  

 ^�1;4. .#�	#� 3�� .7�* '�-X.JQ �Q%& %& 3-�!* '��*2 � 1-$( P%-/.& ."-�, ���+ %)( :-TD�-� <�#�S�. 

Table 4. Mean comparison the effect of γ-aminobutyric acid and calcium lactate on some charachteristics of lettuce 
‘Dimayo’. 

Treatments  
Net photosynthesis rate 

(µmol CO2  m
-2 .s-1) 

Stomatal conductance 
(mol CO2 m

-2 .s-1) 
Nitrate accumulation  

(mg/kg FW) 

Nitrate reductase 
activity 

(mM NO2 g
-1 FW) 

Calcium lactate GABA 

0 
0 

0.5 
1.5 

10.03 d 
11.47 cd 
15.45 b 

0.14 f 
0.17 e 
0.28 a 

1348 a 
645.90 d 
339.4 f 

0.02 g 
0.06 c 
0.09 a 

1 
0 

0.5 
1.5 

10.96 d 
11.31 c 
16.04 a 

0.17 de 
0.18 d 
0.27 ab 

1246 b 
512.09 e 
389.52 f 

0.03 f 
0.04 e 
0.08 b 

2 
0 

0.5 
1.5 

11.01 c 
11.98 cd 
15.25 b 

0.15 ef 
0.21 c 
0.25 b 

1125 c 
528.25 e 
376.4 f 

0.03 f 
0.05 d 
0.09 a 

:-TD�-� 
.�$ %7 ��  9(�(� <* �#�7 ^�	�Y( �V$ �� :>D(� 
.��, }�$( %& �1"��7 P%�I� U�%Y5 �"G� '��F/ 1X�� .��(1D 9�(�  

Means in each column followed by similar letter(s) are not significantly difference at 5% probability level using Duncan test. 
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�3�$�  ��� #��4  

H�(� �( �� Z.5 L7�ga 9�7  <* ?5%+ <c-�D 
(./

 l�./ ��	-/ �%&��* 9�&�+5/1 �!-�  �& %�-= �� l%+

 ��T"#4�$ L#(45( m �& 1X�� �� 3-�!* '��*2

 �D.# ?ID L7�* � h%& ?&.[� ��*(�.Q 17 �%>!	 

 9�&�+ ]-*%/ .?$( H1
5/1 �!-�  �& %�-= �� l%+

-D 1X�� 0# 3-�!* '��*2 (� �=�Q 4�"$.�5 '1
 4

 ��	-/ � ?$( H�(� L#(45(5/1 �!-�  <& �&�+ %�-= �� l%+

 ���*��� '(%�-D 3#4D, ?-=�G5 L#(45( ]�$ 4-D �#�8"/

�� za .?$( H1#�%+ '(%�-D M	c/ L7�* �  
(./

 m �& 3-�!* '��*2 � �&�+ �%&��* <* ?
(� ��8j(

-
.-& � �>#e.=.#4-5 '�FX %p*( �� ?�p� %-)w/ �#�-	


�.& <5%X <& 
�%S� <& <;./ �& :#(%&�"& .?$( H1
� 

 ]-*%/ �� :#(��D(./1"  1-=./ � �%>!	  L#(45( 9(%&

 �(.� � �7�.* :#4T#�; �?-F-* �& � 3=�$ '2.JK�

�#�-	-
  '�1� �& '2.JK� 1-=./ %CD �( �.JQ <&

 %�I-& ?�R$ ];.� <* %�	* '(%�-D �T�
��D(

�� 94�$  ���%+.
D1.  
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