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Two rice lines, IR29 and FL478, which differed in salinity 

tolerance, were studied for physiological and metabolic 

responses under salt condition (100mM NaCl). Length, fresh 

and dry weight, sodium and potassium content as well as 

accumulation of amino acids, sugars and sugar-alcohols in root 

and shoot under control and salt conditions in two genotypes 

were taken into consideration. After 12 days of stress, Na+ 

level, especially in IR29 shoot increased significantly while K+ 

increased more in FL478. On the other hand, metabolic 

changes in response to stress were different between the two 

lines. More specifically, IR29 plants in comparison with those 

of FL478 showed more changes in amino acid levels i.e. 

asparagine, glutamine, proline and GABA, indicating cell 

injury and senescence in the sensitive line. The amount of 

sugars and sugar-alcohol as osmo-protectant increased in the 

tolerant line; FL478, under salt stress. Our results revealed that 

the differences found between the two genotypes in response 

to stress could be attributed, at least to some extent, to the 

observed metabolites level differences.  
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8 9� 	�23 &�� E� �%��1 "�� F "G%�� �� $H; 
� ��

<22=�	�� )Eckardt. 2000(4%9� � &=G�I� "�
9�  �

J�� 
� "�2G����� $%922K� J�� LM� "I2@� 4�#

 4
�� 4%
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�
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%�� (Munns and Tester. 2008).  

 L2�7� 
� T72��G����� � T72�� F $�=G�I�

"� T72�����9/ 4%N>% "������ 
� "�
� 
%N�% � %��

J�� 6UH1 V
� &2G�% %N>% <�% ,% "C9� � ���� �#

��2� $%922K� ,% LWX "����
 L��X <2���9/ � �F

����#(Shulaev et al. 2008). +2G����� 4�#

"#�23 ��X L��� &O -L7G%�#��X ��# � �2�%4�#  &�2�'

&� � ����# 
� + ��7��9/���% �� +2G���% �%��1

"� +Y5�@� 	�23 ,% 4
�� J�� L��Z�����O  
�

�> �� �� "�[�B@� (Widodo et al. 2009) �

 ���3(Kovács et al. 2011)�O�W�� � (Zhang et 

al. 2011) T2�/��2�%
' � (Kim et al. 2007) 

% "C9� � ���593 
%9X "�
9� �
���' , $%922K� �#

� �%� ��-  \�%9� <�% +@� %
 492]�-^ . N2  8 9�

&�	��1 $%922K� 4
�� &� P��Q 	�23 E� �%��1 4%

 ��-  "�2G����� � "7�F�G��N25 4�#9��%
�/ 
� %


"� �#�(Cha-um et al. 2009; Fumagalli et 

al. 2009; Thu Hoai et al. 2003) . 8��� 

&�+��4���, 
�2�� E�O 	��'  ��X
% "������ &�

L�@�� � P��Q &ZW_ ��' 4���	���  �#  

+�%.  

�2�% ,% E� 9#4�# &� &�2�'J2/ �%��1,�� 4�#

<2���9/JZ  �# J�� +@� ��#�23 
� "`)�R� 4�#

� �� ��a"3�9�./ 
� 92C (Thakur and Rai. 

1985)& %�] 
 J�%N5% �4N�����5 4�#(Sakr et 

al. 2012)��� ?:> 
� +����@� �  � 6���

 +W�  J�%N5%K+/Na+�(Abd El-Samad et al. 

2011; Cuin and Shabala. 2007)  ,% += ��� �

,��& ,�
 ���"� �`�% ��#���O .&� 	�H1 �' ,% "C9� �#

,�� b1��& ,�
 ��� 	�� �#(Rai and Sharma. 

1991) �2�% <�% Tc� �4�# &� &�2�' �%��1

J2/,% 9]�� "C9� "72G����� 92�� 4�#,�� 

+2G�����")/ LM� �#<2�' �# (Kusano et al. 

2008) L��W� ���2�% &� ���  E�N2��'(Rai and 

Sharma. 1991) &��� d>��& ,�
 ��*� ��� �#

"�� �93(Alcázar et al. 2010; Yamaguchi 

et al. 2007). $%9S% <�%9����  <�% �97)�1 L��Z��

�2�%4�#  
� 	�23 +2=e� ���=� &� 9*�� &�2�' \�%9�

"� " %9@�� �93. $%
�2#��9O 6�2G����� 4%9� �#

��X � �#��X �2G�� -L7G% +@� N2  �#92Sa� J�� 4�#

"� �H�C% � 922K� 
�^� "I2@���93 (Ray et al. 

2011) .�2G�� �� &O 6�2G����� <�%  "�
� JZ  4F9 %

"� �`�% 	�23 &=��� � ��
 
�&� ���O �%��1

��7G��+�H1 4�# d2� 	���O��*�% � 	��#�

+�% +2�#% NU�Q N2  4N��% (Williams et al. 

2000) .
� �#��X ��3
%N�����5 4�# &�C�� 	���O

"���3
% &� Tc� � ���f9B� 4�# LZ��� 	���O

"�� �93 (Lemoine. 2000) . ��#�23 d);%

��X �2G�� 4[�� g�I� �� +R�
%9���X � �#-L7G% �#

P9��% L��Z� 
�[�� L�@� h)�R� 4�# %
 49�

 ��^9# � �%� ��-  +R�
%9�92; ��#�23 &� +W� 

�' ,% "C9� �97)�1 +�% <7�� +@� �#92Sa�  
%9X

�923 (Chan et al. 2011; Liu et al. 2008) . 
�
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�'"� 4
�� \�%9� +@� �#����.  
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 %�2���)Yoshida et al. 1976(  �� 4
�� J��

&5�e% ��9O100 ")2���9)O 
[�� ,% "�2  &� 6���

& �� ���93 ���1% �# . � &-�
�%� % "�%�#  ,% �=�12 
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�� J�� ,% ,�
 4923

+2G����� 
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%�


��/ ,%N2)25�2G �L��O ��9O1 � ��.  
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i2�� F�#  "7�F�G��N25 4�#9��%
�/ 4%9� 
%97� &� ��

�,� L����,� �9���_ � E-C � &-�
 %�%� "�%�# 

���93 +�%�9��  .� 4%9�& +���,� ��
�' �E-C

& ��  &� $��24  
� +1��72 "� �� &>
� �%93

� �� E-C .	,%� % 4%9���� �%N2� 4923 6��� 4�#
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� 
%9X �%93

�� 	�%� .��� 9���Z� Tc� �=� 62���/ � 6��� 4�#

9�)25 ,%	
�B1 ��9O4�# r%9R��%�� 	��  62)5 	�]���

9����52 ���93 +U%9X � )Dooki et al. 2006(.  

�'	�()���(�*� �!�� (�+ �����,�� (�+ 
-.#%���  

	,%� % 4%9��2�% 
%�Z� 49234�#  &� &�2�'5 

")2�& ��  ,% �93N2)25�2G 
��/ 4�#  � 
��2� 9# ,% 	��

 �� i2�� F3  �
%97�750  �� ��% 9�2G�972�80  �q
�

Tc� � &5�e% 9���Z� �2�%4�#  ,% 	��`��% �� &�2�'

AccQ Taq  L�=G%
���� �� s��I�(Rolletschek 

                                                                     
1. Lyophilized 
2. Flame photometer 

et al. 2002) � �� r%9R��% .2�% 9���Z��4�#  &�2�'

 ���9> +19� ��1 ")2�X� 9� 9�2G 
� &Z237  &>
�

"� �� �� � �%93 	�]���HPLC (Waters 2795)� 

	����� 4�#A ) L���140 ")2� �$���% 6��� 
[��

pH  �� 9�%9�8/5  �7 ")2�49� 
[���� ��%<2�'( �B 

)L�9�2 ���% ( �C )?' ( T��
�)5 ?���
 �)��_  r��

 4��
�300  ">�9C � 9��� � 400 9��� �  ( +U%9X

���93 � (Abbasi et al. 2009) 	,%� % 4%9� 4923

��X 4�# N2  ��)@�r%9R��% 	
�B1	��  �� ��% ��80 

�q
� � 	��`��%��  <22=� � ?:> +U%9X 4%9� �

 9���Z��' �#49����5 $
�q &� ���X �NO�)3 4�#

&� ,�
�O�� � ,��O�95 d2�9� 6�N ' �,��2O�N]# 4�#

 � ,%9��N�%�O�)3�`�5� ,%��,��O�95���& �� &�593 
�O .

&� 	�H1 ��X +Y); <22=�-L7G% ,% 	��`��% �� �#

r%9R��% 	
�B1 	��6��2� � "5%93�����9O ��� 

ICDionex  " �2 ' 4%N>% 4,��%�> 4%9� � ��* %

u�
 �� s��I� Schneider et al. (2006)�  ,%

CarboPacMA1column  	��`��%� ��.  

����, &�%�),  

 9���Z� �� 8��� F &�+��E� u�
 ,% 	��'  &59_

ANOVA �9  ,% 	��`��% �� 
%N5%JMP 4.0.4  &�N*�

�� L2)@� � ."�=� &�N*� ,% �=� �T ��
%� 4
%�

<2] �2� 
%�Z� <2� $��`�
��2� 4�#h)�R� 4�# N2  

 ��&��%���^ ���,'<7 %� 4%3  ����Q% vI� 
�5 

�� <22=� �q
�� .  

  

#��?�� � ��  

!"����� �
� ���  /�!0�
#�$�%��&�� ���  

"�=� &�N*�9��%
�/ T ��
%� 4
%� 4�#

�9  �� "7�F�G��N25 
%N5%JMP 4.0.4  � �� ��* %

 4
�� J�� $%9S%9� �'�# �8 9� i2�� F �� 
�  

IR29 )P��Q(  �FL478 )L�@�� ( ���,' ��

��^&��%�<7 %� 4%  ����Q% vI� 
�5  �q
��Z�&�� 

                                                                     
3. Duncan's multiple range test 
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 � ���> 
�1 +�% 	�� 	�%� ��-  .�,� 9�

�%� % �,� � i2�� F �� 9# 
� �' ��_ � "�%�# E-C

�%� %  "�%�# 
�IR29 "�=� J#�O � 
%��,� E-C

 &-�
 ��_ � &-�
 �
�� 
�IR29 "�=� J�%N5% 4
%�

�%� ��-  J�� +@� ��#�23 
� %
. <�% "� ��-  �#�

 4�#9��%
�/ &O�%� % "�%�# P��Q 4
�� &� 9�

����# . 4�#9��%
�/ 
� J#�O�%� % "�%�# "� � %��

&��� 9_�R� � ���& ,�
 +�%�# J#�O &*2�  
� 4%

&� 9*�� &O ����  4N�����5 +259w 
� +����@�

"� J�� +@� ��#�23���(Kawasaki et al. 

2001; Moradi and Ismail. 2007).  

�N2 �7� ,% "7� �4
�� J�� &� L�@� 4�#

��� ��Z� % � ?:> +����@�6��� 4�# )Na+(  �

 62���/)K+(  &� &-�
 ,%�%� % %�#+�% "� 

(Greenway and Munns. 1980) . 8��� J���,' 

 4
�� &O �%� ��- &� 
�_ &YQH� L��X 4�
 9� 4%

 � &-�
 62���/ � 6��� ��� �%N2��%� % "�%�#  9S%

"� �
%:3) ���>1 .( ��#�23 
� 6��� ��� �%N2�

 �9��O &� +W�  J�� +@�&� 
�_ "�=� 
� 4
%�

 �� 9# &-�
 � x9�i2�� F ��� 9�-2� . &=G�I� <�% 
�

IR29  �� &���Z� 
�FL478 vI� �J�� \�%9� 
� 

NaCl  +�% 	�9O 	92Cy x9� 
� %
 49�-2�


�"G�Q&O J���,' 8���  ��� T719� &-�
 
� .

 &-�
 
� 6��� ��� +Y); <2�z�#FL478  ,%

�%� % "�%�#  
� 
%�Z� <�% ��% ��� 9�-2�IR29  &��-�

� ��� . 8���  <�%�- "� ��#�  &O��Z� % +����@� 

x9� ,% �' {5� �� &-�
 ,% 6��� �#(Murillo-

Amador et al. 2006)�  
� i2�� FFL478 

&� 9�%
�O �L�@�� i2�� F E� �%��1  i2�� F ,%

"� P��Q ���� . &-�
 � x9� 
� 6��� �%N2�IR29 

 ��%� % "�%�# FL478  <2� +��X
 &*2�  
� ���

62���/  4�
 6��� 9S% 9_�C &� �� 6��� ��� �

&��9/ 62���/ ��� ��Z� % 4�#(Khan and Panda. 

2008) &� "�=� 
�_�"� J#�O 4
%���� .&� 	�H1 

 +W�  &W��@�K+/Na+ ��-  &=G�I� <�% 
� 	��#�

 <�% 
%�Z� � ��� J�� \�%9� 
� 6��� +Y); J�%N5%

 &-�
 
� N*� +W� FL478 &� 
�_ "�=� 4
%�

 +5�� J#�O)���>1.(  

 4[�� +W� K+/Na+  
��%� %  "�%�#i2�� F 

FL478 )85/6 ( &� +W� IR29 )51/3 ( \�%9� 
�

"� J��L�@�� � %��x9� ����9�<�% 4�# i2�� F  %


 4
�� &� +W� �2�a�  ��O . $�=G�I�  49]��  N2 

  
 ���>1- i2�� F 
� "7�F�G��N25 4�#9��%
�/ "C9� <2] �2� &���Z�  	%9�# &� 4
�� � �9��O \�%9� +@� 8 9� 4�#

 f%9@ % �
%� ���%)SE (<7 %� ���,' ��  

Physiology parameter  
IR29 FL478 

Control 
(0mM)  

Salt stress 
(100mM) 

Control 
(0mM) 

Salt stress 
(100mM) 

Weight of fresh root (g) 0.20±1.65b  1.90b ± 0.08 3.21a ± 0.45 2.68ab ± 0.57 
Weight of dry root (g) 0.01±0.13a 0.16a ± 0.004 0.21a ± 0.03 0.20a ± 0.04 
Weight of fresh shoot (g) 0.49±4.71c 2.81d ± 0. 02 9.01a ± 0.21 6.50b ± 0.65 
Weight of dry shoot (g) 0.03±0.80b 0.59c ± 0.01 1.51a ± 0.21 1.09a ± 0.20 
Length of root (cm) 1.03±18.46b 22.96a ± 0.42 15.60c ± 0.47 17.08bc ± 0.62 
Length of shoot (cm) 1.83±45.58b 36.56c ± 0.78 69.18a ± 1.81 55.68b ± 1.84 
Relative Water Content (RWC) 0.90±86.51a  87.38a ± 1.19 84.87a ± 2.36 88.83a ± 1.26 
Root potassium concentration (mg/g dry weight) 12.52±140.88a 38.44c ± 5.29 35.98c ± 2.17 70.88b ± 4.31 
Root sodium concentration (mg/g dry weight) 0.49±15.63c 30.23b ± 2.33 19.83c ± 0.65 38.13a ± 1.50 
Leaf potassium concentration (mg/g dry weight) 6.83±202.88a 103.88c ± 1.87 199.88a ± 4.19 155.88b ± 5.58 
Leaf sodium concentration (mg/g dry weight) 0.44±14.33c 29.63a ± 0.82 13.13c ± 0.40 22.83b ± 0.47 
K+/Na+ in root 0.93±9.06a 0.08±1.24b 0.08±1.81b 0.04±1.85b 
K+/Na+ in shoot 0.21±14.15a 0.09±3.51b 0.36±15.25a 0.30±6.853c 

��-  9I� 9# 
� f�9Q fH�C%"�=� fH�C% 	��#�  vI� 
� 
%� ����Q%5 +�% �q
�.  
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� � 4N�����5 +259w }`Q 4%9� &O � �%� ��- 

 J�� \�%9� 
� "G�)� 6�2G����� � 	�23 }`Q &*2� 

+�% ,�2  +W�  <�% 9�[�� 
%�Z�(Asch et al. 

2000; Zhu. 2003).  

��%�1�"� 2*�����  3�� 4��!  �� ��  

����, ���(�*� !1 ���  !0�  

 ��2� ,%19 �2�% �&=G�I� �
�� &�2�'13 �2�% &�2�'

 $�����)3 L���)Glu ( <�F%
�c�')Asn( <2��H3 �

)Gly( <2����)3 �)Gln( <��2��2# �)His( � <2 ���9�

)Thr( <2 F
' �)Arg(��2�' ���3 � E�92����2�%1 

)GABA( <2G�9/ �)Pro( <�,�92� �)Tyr( <2G%� �

)Val( <2��G�N�% �)Ile (L2�5 � <2 [')Phe ( 
�

                                                                     
1. Gamma amino butyric acid 

�%� % "�%�#  �9 �2�% &�2�' $�����)3 L���)Glu( �

 <�9�)Ser( <�F%
�c�' �)Asn( <2����)3 �)Gln( �

 <��2��2#)His(��9� � <2 �)Thr( <2 [' �)Ala( �

��2�' ���3 E�92��� �2�%)GABA ( <2G�9/ �)Pro (


� "�=� $%922K� &-�
 4
�� J�� \�%9� 
� 4
%�

� �%� ��-  ) ���>2 .(�%�=� 13  �4 �2�% &�2�'

&�  d2�9� 
��%� % "�%�#  i2�� FIR29  �FL478 
� 

 J�� \�%9�"�=� J�%N5% �%� ��-  
%�&O <�9�-2� 

J�%N5% <�% �%N2�  
� i2�� F �� 9# IR29 � FL478 

�2�% &� p��9�' <�F%
�c�' &�2�)&�  d2�9�8/9  �6/3 

9�%9� �9��O \�%9� &� +W� ( ��� .9]�� f9_ ,% �%�=� 

4  �5 �2�% &�2�'&�  d2�9� &-�
 
�IR29  �FL478 

 J�%N5%
� J�%N5% <�9�-2� &O +5��  IR29p��9�  �  

  
 ���>2- 4�#�2�% 
%�Z� <2] �2� &���Z�  &�2�')��� �972� �Q%�/�,� �93 E-C (�%� % 
� i2�� F &-�
 � "�%�# 8 9� 4�#

 �
%� ���% f%9@ % 	%9�# &� 4
�� � �9��O \�%9� +@�)SE (<7 %� ���,' ��  
Root Shoot 

Amino acids FL478  IR29  FL478  IR29 
Salt stress 
(100mM) 

Control 
(0 mM) 

Salt stress 
(100mM) 

Control 
(0 mM) 

Salt stress 
(100mM) 

Control 
(0 mM) 

Salt stress 
(100mM) 

Control 
(0 mM) 

53.89a ± 10.82  29.71a ± 13.72 50.50a ± 9.07  46.12a ± 8.34  44.74ab ± 4.68 39.04b ± 3.97  54.30ab ± 1.81  59.70a ± 7.06 Aspartic acid  
(Asp) 

45.23a ± 33.30 14.37b ± 5.27 32.01a ± 7.13 32.65a ± 2.12 81.10ab ± 6.79 78.66ab ± 6.84 63.19b ± 10.01 95.30a ± 11.44 Glutamic acid 
 (Glu) 

33.43a ± 4.03 19.12bc ± 6.41 29.63ab ± 3.05 15.14c ± 1.12 39.38b ± 2.97 40.40b ± 4.89 58.05a ± 3.82 46.56ab ± 4.32 Serin (Ser) 

31.90b ± 4.31 36.78b ± 17.84 89.65a ± 6.79 16.09b ± 4.55 68.72b ± 7.89 18.90c ± 9.98 235.53a ± 24.70 23.90bc ± 3.61 Asparagine 
(Asn) 

4.51a ± 0.86 6.15a ± 1.73 4.87a ± 0.71 5.16a ± 0.44 5.52ab ± 0.13 4.66a ± 0.82 6.89a ± 0.55 3.34b ± 0.61 Glycine (Gly) 

19.12ab ± 1.16 14.13bc ± 4.12 26.72a ± 1.78 9.79c ± 0.75 19.41b ± 3.02 115.87b ± 1.41 27.86a ± 1.36 6.91c ± 2.08 Glutamine 
(Gln) 

2.30ab ± 0.43 2.10b ± 0.44 3.49a ± 0.20 1.87b ± 0.38 2.18b ± 0.10 0.70c ± 0.19 6.41a ± 0.58 0.84c ± 0.17 Histidine (His) 

12.55a ± 1.65 7.01b ± 1.85 12.66a ± 1.35 8.49ab ± 1.17 14.86b ± 1.44 10.38c ± 1.20 28.99a ± 1.13 11.18c ± 0.44 Threonine 
(Thr) 

6.29a ± 0.85 6.55a ± 1.59 7.91a ± 0.64 8.86a ± 2.31 7.04b ± 1.56 3.84c ± 0.54 12.58a ± 0.46 3.59c ± 0.25 Arginine (Arg) 

37.49a ± 4.89 22.48b ± 5.74 28.25ab ± 11.81 27.77ab ± 11.99  29.68a ± 5.25 33.72a ± 7.62 36.51a ± 3.07 22.56a ± 0.21 Alanine (Ala) 

43.01a ± 11.30 26.45a ± 12.15 47.59a ± 6.44 37.62a ± 7.55 11.02ab ± 5.17 6.86b ± 0.37 13.08a ± 1.39 7.31b ± 1.03 GABA 

23.53a ± 2.41 6.85b ± 0.70 14.96ab ± 0.99 8.07b ± 1.03  14.34b ± 2.71 10.03b ± 1.03 37.22a ± 1.55  10.44b ± 0.44 Proline (Pro) 

3.32a ± 0.50 3.25a ± 0.52 3.55a ± 4.39 4.18a ± 0.56 1.88b ± 0.34 1.43b ± 0.11 3.00a ± 0.30 1.99b ± 0.10 Tyrosine (Tyr) 

8.41a ± 1.05 7.13a ± 1.81 9.85a ± 1.24 8.69a ± 1.03 7.23b ± 2.11 3.73b ± 0.11 14.60a ± 1.77 4.52b ± 0.42 Valine (Val) 

1.07a ± 0.25 1.04a ± 0.14 1.38a ± 0.56 1.36a ± 0.21 0.30a ± 0.09 0.13a ± 0.03 0.19a ± 0.03 0.16a ± 0.05 Methionine 
(Met) 

4.65a ± 0.88 3.81a ± 1.01 5.76a ± 1.80 4.76a ± 0.64 2.02b ± 0.05 1.27b ± 0.10 4.63a ± 0.56 1.78b ± 0.03 Isoleucine (Ile) 

7.72ab ± 1.50 6.17b ± 1.90 9.76ab ± 1.82 12.50a ± 1.61 2.62a ± 0.16 1.38a ± 0.09 5.58a ± 0.81 2.28a ± 0.10 Lysine (Lys) 

9.10a ± 1.84 7.30a ± 1.97 10.87a ± 1.60 12.13a ± 1.76 6.02a ± 3.43 2.38a ± 0.21 4.65a ± 0.43 3.23a ± 0.06 Leucine (Leu) 

2.54a ± 0.36 2.58a ± 0.50 3.49a ± 0.27 3.96a ± 0.48 2.52b ± 0.16 1.30b ± 0.06 12.88a ± 0.40 1.95b ± 0.15 Phenylalanine 
(Phe) 

 9I� 9# 
� f�9Q fH�C%)i2�� F L��� 
��2� � �#�# (��-  "�=� fH�C% 	��#�  ����Q% vI� 
� 
%�5 +�% �q
�.  
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 &��2�% <�F%
�c�' &�2�')5/5 9�%9� ( 
� �FL478 

�2�% &� p��9� <2G�9/ &�2�')4/3 9�%9�(  &� +W� 

��� �9��O \�%9�.  
� 922K� <�9�-2� &=G�I� <�% 
�

4�#�2�% <�F%
�c�' &� p��9� &�2�'  	���+�% . &>�� ��

�F ,% "C9� &O <�% &�  <2���9/ N��� 
� L2C� 4�#

,����� <�F%
�c�'1J�� \�%9� +@� �  	� ,92; 4�#

"� ��2� J�%N5% ����� (Chao et al. 2005; Wang 

et al. 2005) <�F%
�c�' �%N2� J�%N5% <�%9���� �

 9]�� $�Z2Z@� �� s��I�(Widodo et al. 2009) 

�2�a� "� ��� .�2�%2�' <2����)3 &� N2  \�%9� +@�

 
� J���%� % "�%�#  &-�
 �IR29 &�  d2�9�4  �7/2 

+5�� J�%N5% 9�%9� .&� <2����)3 	��#� E� �%��1

���2� 
� ��F�9�2  LM� "G' �F�9�2  $�W2O9� N�

�2���)O�  �&�2�' 4�#�2�% JZ  L25�9)O � �#	��1 4%

�
%� .<�%9���� ,���� <2����)32 &�  �%��1 &O "��N '

92; $�W2O9�"� N2G���O <2����)3 &� %
 "G'  E� ���O

�9��O 
��O�5+�% ��#�23 
� �F�9�2  ?:> 	���O . ��

�F ,% "C9� ��2� J�%N5% &O <�% &� &>�� 4�#

 9�-2� +2���Q ��*�% b1�� �8 9� 
� ,���� <2����)3

J�� L��Z� 
�+�% 	�� 	� ,92; 4�# (Cai et al. 

2009; Hoshida et al. 2000) �J�%N5%  
%�Z�

 <2����)3
� IR29 "� 9�-2� +2���Q L2G� � %��

 <�%i2�� F  &� +W� FL478 ���� . 9]�� f9_ ,%

<2����)3 6�N ' +2G�=5 � ��2� vI� 
� J#�O� ,���

&� �<2����)3 J#�O 9� 	�H1  %
 <2G�9/ �%N2� $��

"� J#�O �#�(Brugière et al. 1999)�  &O

x9� "3�9�./ b1�� �J�� \�%9� +@� <�� 4�# 

"���93 .&� <2G�9/ �F�9�2  4�2)O {W�� E� �%��1

���=�� L��1 E� � +2G����� N��� 
� 	���O � 4N��%


��C�� "�w�`Q 
� "G�)�J�� &� j��/ JZ  �#

"� �`�% "�
���O .92�� ,% "7� <2G�9/ N��� 4�#

 L��W� Tc� � $�����)3 &� <2����)3 <��7� L���

                                                                     
1. Asparagine synthetase 
2. Glutamine synthase 

���3 E2����)3 &� �' -�2#�G' "�� 3 )GSA ( ,%

<2G�9/ 6�N ' s�9_ 5- $H2�O��9O)P5C (,�����4 

+�% . Tc�GSA  �� ���N�#P5C  <2G�9/ &�

"� 	�2#�O� �� (Hu et al. 1992) . <�% &� &>�� ��

 
� <2G�9/ �%N2� &=G�I� <�% 
� &O�%� % "�%�# IR29 

 &-�
 �FL478 "�=� J�%N5% p�W�
% ��%� ��-  4
%�

�2�% �� �' J�%N5%4�#  $�����)3 �� <2����)3 &�2�'

�2�a� "���93 . J�%N5% &*2�  
� <2G�9/ �%
' {�*�

J�� \�%9� 
� �' &�N*� J#�O � N��� 4�#

 	� ,92; +�% 	�� u
%N3 ��#�23 ,% 4
�2�� 
�
(Ashraf and Foolad. 2007; Çiçek and 
Çakırlar. 2008; Kumar et al. 2010; 

Widodo et al. 2009) . <2G�9/ N��� 9]�� 92��

 &� <2� 
�% � <2 F
' L��W� ��#�23 
�GSA  s�9_ ,%

�`G' <2�2 
�% 6�N ' -��2�',%9`� %9�5 �  �' L��W� Tc�

 s�9_ ,% <2G�9/ &�P5C ,��O��
6 +�% )Adams 

and Frank. 1980( . 
� <2 F
' �%N2��%� % "�%�# 

 i2�� FIR29  ,% 9�-2�FL478  	�%� ��-  J�%N5%

"�=� $%922K� <�% &-�
 
� ��% +�%��W  
%� .��1  922K�

 &-�
 
� <2 F
' � <2����)3 �%N2� 
�FL478 

&�  ���Z� i2�� F �%��1+�% <7�� &� ��1 +)1  922K�

6�N ' +2G�=5 
��2G�� 4�#�' 	���O� �# ��  J�%N5%

6�N ' +2G�=5 � <2G�9/ N����2� 4�# f9B� <�%

�2�%4�# &�2�' &� \�%��Q �%��1�  J�%N5% 4%9�

���� &-�
 
� <2G�9/ . 
%�Z� J�%N5% 9]�� +)1

 &-�
 
� <2G�9/FL478  <2G�9/ ��Z� % +�% <7��

�2G�� 
� 	���%� % "�%�# ���� &-�
 +�� &� . <�% 
�

��1 $
�q  
� <2G�9/ 
%�Z� 922K��%� % "�%�# 

FL478 &� "� &2>�� �L�@�� i2�� F �%��1��93 .

&� <2G�9/ J�%N5% 
� + ��7��9/���% E� �%��1

�% �� �&-�
 { �� �4N��% 62Y�� � "G�)� ���=� ��*

"� 	�23 &� &-�
 ,% E�  ��
� ���. <2�z�#  ��Z� %

                                                                     
3. Glutamic γ-semialdehyde 
4. Pyrroline 5-carboxylate synthetase 
5. Ornithine α-aminotransferase 
6. P5C reductase 
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��Z� % +2G�=5 J�%N5% �� &-�
 &� <2G�9/	��#� 4�#

 J�� \�%9� +@� <2G�9/)Ueda et al. 2001; 

Ueda et al. 2008( �&-�
 ��
 &�%�% � }`Q 4%9� �

"� "�
9� L��X���� )Sharma et al. 2011(. 

"� J�%N5% $�����)3 �%N2� &O " ��, J�%N5% �����

 <2 [' �%N2�(Ala)  +�%� �#%�C "/ 
� %
(Good 

and Zaplachinski. 1994)  &O<�% 
%�Z�  ��

�2�% &-�
 
� &�2�'FL478  J�%N5%+5��.  

<2��G�N�% �%N2� �L2�5 �<2G%� <�,�92� �<2 [' � 

 
� �<2��H3�%� % "�%�# IR29 &� i2�� F �%��1

�5�� J�%N5% P��Q�� ) ���>2 ( 8���  �� &O

 9]�� $�Z2Z@�
�  8 9�(Ishikawa et al. 2010; 

Jacobs et al. 2007)�  �>(Widodo et al. 

2009)  T2�/��2�%
' �)Kempa et al. 2008( 

 &-�
 
� ��% ��
%� +Z��I�"�=� 922K�
%�4  	�#�-�

���9]  . <�% &-�
 
� \Z5 <�9�i2�� F J�%N5% �#

 
� � �%� ��- �%� % "�%�# �-  	�#�-� 4922K� . <2G%�

&� J�� \�%9� +@� <2��G�N�% �  �95 �%��1

92Cy	 $ %�92/ 4%1 "� L�1���O (Kim etal. 

2007; Lehmann et al. 2012).  4F9 % $%�92/

�,[ ��)� 4%9�%
 	� , 4�# ) <��7� s�9_ ,%

��7G��NO�)3 4�#( "� 6#%95��O . J�%N5% <�%9����

<�% 
%�Z� 
�& �3 4�#�2�% "� &�2�'��-  � %�� 	��#�

6#%95 4%9� $%�92/ J�%N5% ~�5� 
� �,[ 4F9 % ��9O

���� J�� \�%9� ,% .L2�5L2�5 6�N ' s�9_ ,% <2 ['

,�2G �2 ��' <2 ['2 &� 92�� 
� 6�N ' <2G�% �%��1

�2U� �/�9/ L2�5 "��2�2��2�3 �$�Z�-�  �2U� �/�9/ L2�5

)�2U� �H5 LM�4 ("� �2G�� %
���O (Nishiyama et 

al. 2010) . 
� 	�23 ,% +Y5�@� 
� $�W2O9� <�%

J�� \�%9� � 	� , 4�#92;JZ  	� , 	��14%  � 
%�

)Hemm et al. 2004; Janz et al. 2010( . ��

                                                                     
1. Pyruvate 
2. Phenylalanine Ammonia Lyase 
3. Phenylpropanoid pathway 
4. Flavonoid 

L2�5 6�N ' ��2� ����Q% &O <�% &� &>�� �2 ��' <2 ['

 ,�2G)Gao et al. 2012; Kempa et al. 2008(  �

�F ,% 9]�� 4
�2��
� 4�# �2U� �H5 �2G�� 
� 923

)Walia et al. 2005( J�� 9S% 
�� ,92; 4�# 	

"� J�%N5%L2�5 J�%N5% ����� +�% <7�� <2 ['

 J�� +@� ��#�23 
� "1�5� &�2�, ��*�% 4%9�

���� 4
�9e . "G' +2G���% E� &O <2U��� <2��H3

& �3 ,% 4
�2�� 
� 6
� j��/ 
� �+�% "#�23 4�#

J�� &� 	�23"� {�*� "I2@� 4�# JZ  � ����

 \�%9� <�% 
� 	�23 +2=e� ��W
� 
� "�
��
%� 

)Ashraf and Foolad. 2007( .J2/ 	��� <�% ,��

�2�%"� <2��H3 &�2�' N��� \�%9� 
� 922K� � ����

2��H3 N��� +�% <7�� �' +@� %
 <92Sa�  
%9X

 �%N2� J�%N5% b1�� �' J�%N5% d2�9� <�% &� � �#�

��93 <2��H3 .J2/ ,% "7� <�9� &O "��* ' ,%

	��� "� <2��H3 �2G�� 4�#��1 ����� 
� <�9� 922K�

�%� % "�%�# &� +�% <7��  �2G�� 
� �' f9B� L2G�

 
� <2��H3�%� % "�%�# ���� . <�9� 	%9�# <2��H3

<�9O 6�2G����� 
� "�
� JZ -15 )J�O%� 4�#

 ��Z� %C1 ( � 
%�)Hanson and Roje. 2001(  ��%


� 6�2G����� <�% JZ   �� 4
�3,�� ,��# \2@�

+�% 	�-  &�C��� )Kim et al. 2007( .&�2�'�2�% 

GABA  
��%� % "�%�# IR29  � �<2 ���9� � <�N2G

 
� <��2��2#�%� % "�%�#  �� 9#i2�� F "�=� J�%N5%

+�%� 
%� . 
%�Z�GABA �%92; &�2�'�2� �"�2���9/

 <2����)3 ,% &O)"� J�%N5% J�� \�%9� 
� &O���� (

"� N��� $�����)3 � 
� ����i2�� F IR29  J�%N5%

"�=�+�% 	�%� ��-  4
%� �&� 
�_4  &O�2G�� 

GABA J�%N5% 4
�� J�� &� j��/ 
� +5�� 

)Renault et al. 2010( ."� +2G����� <�% &� � %��

 \�%9� 
� ��)� &� d2�' � 492/ 9] �-  E� �%��1

 ��O L�1 J��(Ansari and Chen. 2009) �

� 
� �' J�%N5% <�%9���i2�� F IR29  &� +W� 

                                                                     
5. One-Carbon metabolism 
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i2�� F FL478 �2�a�P��Q 9� 4 ����IR29 +�% .

�2�%�`G' �2G�� 
� <��2��2# &�2�'-$%
���)3��O1  &O


%�% +2q�C 46�  4%9� "�%�,��7��%
 �%,' 4�# 

�.2�O%2 )ROS ("� ?��@�  "�
� JZ  �� ��

"� �`�% ��O (Lemire et al. 2010).  J�%N5%

"�=�  
%�<2�^ �2�% 4�#  
� &�2�'�%� % "�%�# IR29 

 <�% 4
�3,�� &� j��/ L2G� &� +�% <7��i2�� F 

&� 9�-2� &7)� ���W  4
�� &�  9] �-  E� �%��1

��O L�1 "G�)� $���q 4%9� (de Lacerda et 

al. 2003; Lutts et al. 1999; .Widodo et al. 

2009).  

 !1 ���  3�� !0�(�+(�+ 
 ��-.#%� ��  

��X 4�#��)@� &� &O �7G�� �%��1�  4�#

+�H1 J�� \�%9� 
� 	��#� "� L�1 �#  
� ����O

 � &-�
 
� &=G�I� <�%�%� % "�%�#  +@� 8 9� 	�23

 ���593 
%9X "�
9� �
�� 4
�� J�� \�%9�

)���>3 .(��X <�% 
%�Z� � ,��O�95 �NO�)3 L��� �#

 
� ,�
�O���%� % "�%�# i2�� F �� 9#  J�%N5%

"�=� � �%� ��-  4
%� .&� 	�H1  &-�
 
�IR29 

 
� � ,��O�95 � NO�)3FL478  J�%N5% ,�
�O��

"�=� ����%� 4
%� ."C9�  49�-2� ��X 
%�Z� ��ZZ@�

 
�i2�� F  &� +W�  L�@��i2�� F  u
%N3 P��Q

                                                                     
1. α-ketoglutarate 
2. Reactive oxygen species 

	�9O� % )Cha-um et al. 2009( . ��% <�% 
�

��X 
%�Z� J�%N5% �&=G�I� 
� �#i2�� F  P��Q

)IR29(   ,% J2�i2�� F  L�@��)FL478 ( &O ���

 �
%� +Z��I� 9]�� $�Z2Z@� ��(Pattanagul and 

Thitisaksakul. 2008; Siringam et al. 
2011) � J�� \�%9� �� 9# 
� �#��X <�% 
%�Z� ��% �

 
� �9��Oi2�� F  ,% 9�-2� L�@��i2�� F  P��Q

 	�#�-� ����93&� 
�_4  $��`� �
%�� "C9� 
� &O

"�=� <2� 4
%�i2�� F+�%� ��>� �# . ��-  $�=G�I�

"�<2���9/ ,% 4
�2�� ��2� &O �#��F � �# 4�#

$%
�2#��9O 6�2G����� 
� L2C� 9S% +@� 8 9� 
� �#

J�� 4
�� �� �� "��#J�%N5% "7-C � "������ 
(Li etal. 2010; Shu et al. 2011; Zhou et 

al. 2011). ��X <�% J�%N5% <�%9����&� �# E� �%��1

+ ��7��9/���%3  \2@� � ��)� <2� "��)I� L2� ��/

"� ��*�% J5%9_%��O.  

 &-�
 
� ,�
�O�� 
%�Z�i2�� F P��Q IR29 

"G�Q
� � �� "X�� +��S 
� &Oi2�� F L�@�� 

FL478 +5�� J�%N5% .��% 
� ,�
�O�� �%N2� 

�%� % "�%�#  
�FL478 � IR29 &� 
�_ "�=� 4
%�

+5�� J�%N5%. �2G�� ,�
�O�� �%N2�� &-�
 
� 	�� 

�%� % "�%�# FL478  J�� +@�&� 
�_ "�=�4
%� 

 ,% 9�-2�IR29 ��� . &^9# &O <�% &� &>�� ��

                                                                     
3. Osmoprotectant 

  
 ���>3-  � ��X 
%�Z� <2] �2� &���Z���X- L7G%  �#)��� �972� �Q%�/�,� �93 E-C (�%� % 
� i2�� F &-�
 � "�%�#  4�#

 �
%� ���% f%9@ % 	%9�# &� 4
�� � �9��O \�%9� +@� 8 9�)SE (<7 %� ���,' ��  
Root Shoot Sugars 

and 
Sugar- 

alcohols 

FL478  IR29  FL478  IR29 
Salt stress 
(100 mM) 

Control 
(0 mM) 

Salt stress 
(100 mM) 

Control 
(0 mM) 

Salt stress 
(100 mM)  

Control 
(0 mM) 

Salt stress 
(100mM)  

Control 
(0 mM) 

33.62ab ± 3.66  25.30b ± 3.56 35.99a ± 0.69  16.30c ± 0.90  39.57a ± 3.47 18.35b ± 1.11  25.54b ± 3.14  8.98c ± 1.74 Glucose 

43.05a ± 5.24 39.83a ± 7.86 35.33a ± 0.44 17.60b ± 1.30 35.27a ± 2.86 19.98b ± 1.42 22.511b ± 2.96 5.98c ± 1.38 Fructose 

68.97a ± 1.81 25.72b ± 5.55  16.98bc ± 1.23 10.49c ± 3.45 304.02a ± 18.60 210.34b ± 49.42 221.97ab ± 14.27 41.29c ± 5.17 Sucrose 

452.84a ± 71.63 388.21ab ± 20.06 240.51c ± 5.23 286.69bc ± 35.79 891.31a ± 117.14 1251.38b ± 149.76 882.26a ± 33.92 1139.84a ± 141.41 Inositol 

19.06b ± 3.14 18.19b ± 4.56 24.54b ± 1.50 129.56a ± 7.84 823.56b ± 39.89 136.72c ± 38.82 131.43c ± 52.02 3096.50a ± 129.64 Eritritol 

285.73a ± 24.36 266.16a ± 39.90 262.02a ± 4.14 132.09b ± 9.62 276.27b± 0.10 269.73b ± 9.27 435.36a ± 43.60 200.33b ± 45.69 Sorbitol 

 9I� 9# 
� f�9Q fH�C%)�# 
��2� � �# i2�� F L��� (��-  "�=� fH�C% 	��#�  ����Q% vI� 
� 
%�5 +�% �q
�.  
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 	�23 +2���Q d);% +2G�=5 ����� 9�-2� 4
�� &�

�F��Z� % 4�# ,�
�O�� 	��#�1  J�� &� j��/ 
�

"� J#�O  �����(Cao et al. 2011; Ibraheem et 

al. 2011; Siahpoosh et al. 2012) <�%9���� �

 
� &O <�% 9� 	�H1 ,�
�O�� 
%�Z��%� % "�%�#  ��#�23

FL478  ,% 9�-2� J�� +@�IR29  &-�
 
� �+�%

6#%95 9_�C &� N2  ��Z� % +259w ���(Boldt et 

al. 2011) �"� J�%N5%���� . J�%N5% 9]�� L2G�
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� � . "7�

 ��*�% 9� 	�H1 NO�)3 
%�Z� 
� J�%N5% L�[� ,%

 9�-2� 4F9 % <2��� +�% <7�� �4N��% L2� ��/

&� &O ���� $%�92/ N��� 4%9� %��1J2/ � 	���

<2G%� &�2�' 4�#�2�% � "� ?��@� <2��G�N�% ���

�' p�W�
% &O�2�% <�% J�%N5% �� �#4�#  
� &�2�'

��* % &=G�I� 	���2�a� "���93 .  

���# ���> 
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�� \�%9� +@��%� % "�%�# 

FL478 "�=� J�%N5% +�%� 4
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� &O

IR29 "�=� J#�O�%� ��-  4
%� . <�% J�%N5%

 
� +2G�����FL478 ��-  <�% L�@� J�%N5% 	��#�

i2�� F +�% 4
�� J�� L��Z� 
� .�#z 
%�Z� <2�

 &-�
 
� ����9��
%IR29  ��% +5�� J#�O N2  
�

FL478 ���� � �� "X�� 922K� . 
� ���2�
�� 
%�Z�

 x9� � &-�
IR29 � J�%N5%"�= 
� ��% �%� ��-  
%�

FL478 �-  	�#�-� 4922K� . E� ���2�
��

 s�9_ ,% &O +�% N�����5 ,% ��B@�

��Z� % 	��#� ���2�
�� 4�#2 x9� ,% LZ��� &-�
 &� �#

"� �O �F &O ���<2���9/ <�% 	���O \�%9� +@� �#

J��"� ��2� J�%N5% 	� ,92; 4�#����(Hu et al. 

2006) .��X -L7G%# 62Y�� 
� 6
� 4%N>% ,% &O �

                                                                     
1. Sucrose transporter 
2. Sorbitol transporter  

92��"� ?��@� "72G����� 4�#&� �� �� �%��1

 + ��7��9/���% �� ?' ���=� }`Q 4%9� +2G���%

&��9/ ,% 4
�2�� �9W-2/ 4%9� JZ  �"G�)� 4�#

P9��% +@� 	�23 
� "�
� �`�% "I2@� 4�#

"� ���O )Majumder et al. 2010(  4
�2�� 
� &O

� $�Z2Z@� ,%&  
� A�BCi2�� F &� L�@�� 4�#

&�5�� J�%N5% 4
��� %(Widodo et al. 2009; 

Zhang et al. 2011) ��X � �#��X-L7G% �#

	�
�%95 N2G�72)3 92�� 4�#3  "�
� JZ  &O ����#

"� �`�% ��)� 4%9� 4F9 % �2G�� 
���O.  

���") �!��  

"� ��-  s2Z@� <�%L��X ~��� &O �#� 
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�
%� ��>� 4
�� .[�� +W�  ����K+/Na+  
�
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 <�% 9�-2�i2�� F  &� +W� IR29 ��1 � +�%  922K�
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�"� �' E-C � %���2�a� ����� &*2�  <�% 9� 4

+W�  <�% 62Y�� �� 	�23 <�%9����  J�� \�%9� 
�

"�  
� %
 ��)� 6�2G����� � 4N�����5 +259w � %��

��O �9��O 	�23 .<2�z�# 	�23 "� %
 ��C L�@� � %��

�2G�� �� J�� \�%9� &�  LM� 4�%�� 
%�Z� 
� 922K� �

��X��X � �# -L7G%L2� ��/ &O �#��)� 
� %
 4N��%  �#

"� 922K�9 % �2G�� 9� 	�H1 &O ��O �9��O ���#� �4F

&���7G�� �%��1+�H1 4�#"� L�1 	��#� ���O .

 	�23 <�%9����FL478  �� &���Z� 
�IR29  \�%9� 
�
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 <�9O {���� &� "�9���
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�� \ 	��#�
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3. Glycolysis pathway 
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6�N ' +2G�=5 �%N2� 
� 922K� &O �9O  
� � �# &*2�

+2G�����G����� &7W� 
� ��>�� 4�# 62Y��  �� �"72

�97)�1 ,% 4
�2�� �%�� ,% 4
�2�� {5� � "G�)� 4�#

��� �4�# Lq�Q "�� ,% \W�9� �J��  <�% � ����#

J�O%����� $��`�� +�% <7�� h)�R� ��X
% 
� �#.  
  

���%@��A�  

 ,%&����  r9O 4,
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6#%95 4%9� "G�7G�� 4F�G��N25  �,[ $� �7�% ��
�'
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> � � 97-� " %�
�X
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