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�
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Table 1. Evaluated Rice genotypes  

r%��
Row  

W����X
Genotype  

F��;
Origin

���� �� <����  
reaction to salinity  

1  �%�p*  
Gharib  

q�q@� �\�d;���� K��� 	
-$��#
Iran Rice Research Institute -Guilan 

QH@&;  
Tolerance

2  '��
% �N@;
Yasouj local

 �Hk��%�� � �%�N�(8�- '��
%  
Kohgiluyeh and Boyer-Ahmad -Yasouj 

j�N_;
�  
Unknown

3  m���A �
{Hf
Loudab- champa  

�Hk��%�� � �%�N�(8� - m���A
Kohgiluyeh and Boyer-Ahmad -

Loudab

j�N_;
�  
Unknown

4  m���A ��8�
Loudab- shahri  

�Hk��%�� � �%�N�(8� - m���A
Kohgiluyeh and Boyer-Ahmad -

Loudab

j�N_;
�  
Unknown

5  304
304

 �\�d; 	
q�q@����� K���- $��#
Iran Rice Research Institute- Guilan 

j�N_;
�  
Unknown

6  ���\" $
��A
Lenjan- Askari  

$
8]��- ���*  
Esfahan-Felard 

j�N_;
�  
Unknown 

7  ����];
�
Kamfirouz  

c�
*- ����];
�  
Fars-Kamfirouz

j�N_;
�  
Unknown 

8  j���\H; �
��
Mammasani-Domsiah  

c�
*- ��\H;
Fars-Mammasani

j�N_;
�  
Unknown 

9  j�
O ���;*

Mousa-Tarom  
���� K��� 	
q�q@� �\�d;-$��#

Rice Research Institute - Guilan
QH@&; w
&�\�  

Relatively Tolerance 

10  �%��� C\k*

Hasan-Seraie  
���� K��� 	
q�q@� �\�d;-$��#

Iran Rice Research Institute- Guilan
QH@&; w
&�\�

Relatively Tolerance  
11  �>��  

Dullar  

�%�;L  

American
j�N_;
�  

Unknown 
* Y# c
�� ��$��
�H= � ����� ,��)Sabouri et al., 2007(.
  

  
������ ���# �%
�H����� rN&s; 	
]�) �
=��P JQ�*��N�

[�� R�N@; C�Z���4 � C�A��4 JR�N@; ( �%
�H�� � y%
 ���� <�� R
H"� �� e4 �
;!*�# 	���.  $�Y�;

[�� Q�*��N� �
=W����X�
=  �� ��
]&�� 
� K��� rN&s;
Q�*��N� �
(&�� �&;)JapanSPAD-502 Readings 

Minolta, (�������� ���#.  
������ ����  � C��(%�%� ,�� �� R�N@; �
=��P ���#

 $��
�H=)Irigoyen et al.,1992 (��
]&�� �� . C%��
�A�A ��%
;�L �
=�
H�� ���_� �� ��&�� �� 	��� �
=

m�� m
s&�� ����� .y%�N�; 7=� �N�A� ��
?" �� �&�A
m
s&�� �� �&s%� <%
;�L �A�A QI�� � . e{�3 

�N�;  � �*
l� <%
;�L �A�A �� � ��� ��8� J��
� $��&�L �&�A
 	�; ��10 ���� ���P j�# mL j
Hk �� �q�P��� . ����

 J$��&�L ��8�150 �N�; �� $��&�L j�#100 �N�; �&�A
 y%��]A�� ����72) %V/V (�� Qk . $�� y�I �� e4

���H�L b�@; �� 
=���H� m.G $�Y�; J�
(�%
;� �� 
=
 '�; R�O625  �
(&�� �� ��
]&�� 
� �&;��
�

 !���P �&;�&*��&�{���� .!���P j
��� �� Q�P J��* �
=
�����
&��!^Np 
� Y��N# �� �%
= �
=0 J25 J50 J100 J

500  �1000  $��N�; �� !H\P)�4�4j� ( ��8�� � �
$L ��� ���.; Qk��; ��N�j
��� 
= �� . ��@�; e{�

Y��N# �����
&�� �� ��
]&�� 
� $�������A
�  $�Y�; � 7��
���H� R�N@; �
=��P�N�; c
�� �� 
= j�# �= �� j�#
 ���
@; [�� �� $��� ���)Torknezhad, 2000 .(

������ ���� �X
�A � C����
4 ,�� �� C�A��4 ���#
)Paquin and Lechasseur(  � $���G �� Qq� �� �

�H= $��
)Juan et al., 2002( �� ��
]&��.  ���_� �� ��&��
m�� <%
;�L �A�A 
=�
H�����  QP��k 7�k ��30 �N�; 

��8� �&�A ��. �N�; y%�A�A �� �N�A� ��
?" �� �&�A �
=
 � Qq&�; ���.;10 ;�N��� mL �&�A �A�A �= �� ��Uq� �
�

 �*
l��� . e{�5 �N�;C%
� �&�A���H� �� C%���= 
=
 	�; �� � ��� �*
l�16  �� $YH= �� ��
]&�� 
� !"
� 7=

 Qk w�;
� 
� ������ .� �_� $L �5 �N�; y�&�� ���� �&�A
�#� R
�)9/99 (%���H� � �*
l� ���H� �= �� 
=	�; ��
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45  �q�P� j�# mL j
Hk QI��)C���
; (���� ���� ���P .
���H� e{� y�I b�@; �
;� �� � ��� '�
I 
=����. 

 ���H� �= �� J$L �� �_�10 �N�; 	�� �� � �*
l� $Y�� �&�A
 $Y�� �
* ���� C�A��4 
� J���� ���� $
���� . C%� �� �_�

���H� J�Nk�; $��� !A
k �� !"
� 7�� 	�; �� 
=
�(� ���H� ��� m.G $�Y�; e{� � ���� '�; R�O �� 
=

515 �&;�&*��&�{�� �� ��
]&�� 
� �&;��
� )R�; 
Shimadzo54A ( !���P�� .  

������ ���� ��
= � ��A ,�� �� C�Z���4 ���#)Liu
and Huang, 2000 (�� ��
]&�� .���N�; !\% �� j�#

 �Y%�* �� ��� ����8(� [�� !*
�) �
;�40 -  �G��
�&�
����# ( 
� +% `�| �� � ��� ���f $�
= ��2 �N�; 

 	
]\* �*
� �&�A1/0  �&%���� 
� �>�;8/6  ��� !I����%
)$X�H= ( 	�; �� e{� �15  !"�� 
� �q�P�13000 

 �
;� �� �q�P� �� ���4 �&�
� �G�� X��]%�&�
� J���#
�� . ��
?" �%>
� �
*)!�
�
��4�� (� �!��  ���� ��;L

������!*�# ���P ��
]&�� ���; JR�N@; C�Z���4 ���# .
 � ��� ���� R
q&�� ��������; �� !�
�
��4�� �H= ��

 �
;� 
� R
�s%20 - �&�
� �G������ ����8(� ���# .
 �
��4 � ��� �&����� !�
�
��4�� �� �&�A����;5/2 �N�;-

 �� ���H� m.G � ���� �*
l� $L �� ���*���� R�N@; �&�A
 '�; R�O595  �&;��
���&�{�� �
(&�� 
� !���P �&;�&*

�� .������ ��^�; ��$�% !^Np ���#�
&4 � 7%�� �
= 7�
 B%��� �$L 
= ���H� J��%� � [�� �� 
� ��� !����� �
=

 �
;� �� ��� �� 	�; �� � �&\� w�;
� �Uq; mL70 
�&�
� �G������ y�I $�L �� ���#.�N�; !\%�� �� j�#

���H�y�I �
=[�� ������H� �� j�# y% � 
= �
=
��%� ��� y�I �
;� 
� ���� �� � C%��� 
=500  �G��

�&�
�# 	�; �� ���5 �
I !"
����� �&\ . �*
l� 
�
 $���5 �N�; �&\�
I �� R
;�� �� y%��%�N� ���� �&�A

�� ���� ���P �&�= ��� �N�
k }�Ns; J�N�
k . n��� 
�
 � ���� ���" �*
� .p
� �� �� Q�
k R�N@; J$����G

���H� 7�k �� ��Uq� �
��� mL 
� 
=100 �N�; ����
�� �&�A
�� .%�
q; e{����H� 7��
&4 � 7%�� � � �#�� �
=

��%�7�N* �
(&�� �� ��
]&�� 
� ���N�; �\k�� �&;�&*-
 !���P Jy�I [�� j�# �� j�#� 
� ��� !���P ���"� � ��

���� Q%�_� �����
&�� �
=����H� 
� �\%
q; �  !%
8� ��
 ���
@; 7��
&4 �� 7%�� !�\�� �)Patterson et al.,

1984(.  

P C��_� ����W����X !��� � ����� ���; �
=  
���# ����$L 
=  	
]� c
�����%
�H����� � �%
�H��  �

J	��=
�; $��� �����
&�� �� e4  �����I �%Y�� �� ��
 ,�� ���� e�
%��� QP��k �
��; �� ����NP� �N�
*

	��=
�;  � <�� $��� b%��� �� <%
;�L �� Q�
k
 ���� <�� b%���) ���� �U� b��&;44 J88  �

132 �N�;�>�;(  �N�
* �
�_; $���" ��� � ��� ��
]&�
���I ���_� $�;�L yH� �� 
=T2 ���N&= m�
� j
���  �
 ��%F� ���;F  Q��&*�# ���P� �  7�� $L j��#������� .

 �&��� �%Y�� j
��� ����Q;
" �� �%Y�� � 
= C�(�
�; ��
������ ��
]&�� ��� �����
&�� �
= .���� �%Y�� 
� 
=

j�� �� ��
]&����Y*� �
=SAS 9.1)2002 (� 
StatGraphics 2.1 )2012(  
� 
=����H� 7���� � ��
]&��

j�� �� ��
]&�� ��Y*�Excel !*�# 	��� .  
  

<��  �	
��
 �� Q�
k K%
&� e�
%��� �%Y���� ��� $
��  �E�

 W����X Q�
q&;×  C�Z���4 � C�A��4 	
]� ���� ����
�� 7%�� J[����_; ��%� 7��
&4 � ��%� � [ ���� � ���

��_;��p �_A
U; ���; 	
]� ��q� ��� � <�� �E� � ����
�� W����X�� �� 	
]� �;
H� �� 7%�� !�\� � 7��
&4 YG

��_; [�� 7��
&4 ���)p< 0.01 ( �����) R��G2( . C%�
������ 	
]� �;
H� �� !�� $L �(�
�� n�l�; ��� ���#

��EF� !@� 	��E� �N��  �&*�# ���P ��� R
H"� �
=��&�
*
���� ���i� ���� . ���� Q�
q&; �E�× W����X  Q�*��N� ����

��p��_; $�Y�; �� ���i� �� !�� C%� �(�
�� �� J��� ���
�� [�� Q�*��N� W����X n�� �� ���� 	�
]&; �U� �
=

�_A
U; ���;  C�(�
�; �� �G�� 
� � �&���� �(&\�
� 
� JQ�*��N� <%�Y* [�� Q�*��N� $�Y�; J<�� 	��
W����X �;
H�<=
� 
=�� ��� �I�� �� � �&*
% �(��

[��!�
=�� 
=. W����X
=  ���; 	
]� ��N� �
@A ��
	�
]� [�� 7��
&4 �� 7%�� !�\� Y�� ����� ��_; ����

��&��� 7= 
� $
�� �� QH" � ��� j
P�� C�� n��� ���=�
�; �� m
s&�� $������� � � ���� <�� 
� b���; 	
]

���NH" ��a���k $�Y�; W����X <�� b%��� �� �� 
=
!I
� 7=��* ���� . TA
� ����� K%
&� )Saleh, 2000 (

 7%�� �%�N� �U� <%�Y*� 
� �� ��� $
��0 J5/12 J
5/37  �50 �N�;$>�� ��� Jj�#�N�� �� $�� <=
� j����
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� Q�*��N� ���q; � [�� TU� J�%��= w�;
� K��� �
�# �
!�� ��8�; .���� � Y��G)Jones and Turner, 1980 (

� �� ����� ,��Y# 
	����=���� !^Np J���� <%�Y*� �
=
�; �
%� ��� b%��� �� R�N@;��� . 	
_A
U; �a�� ��

�����; JrN&s; $
=
�# ��� ��� j
��� ��4�%�� � ��t�
)Mardaninezhad and Vazirpour, 2008 ( ����K� J

 $��
�H= � �
;��)Kumar et al.,2007 ( JK��� ��
 $��
�H= � R��������)Vendruscolo et al., 2007 (

� j��# ��&s%���� #
�� � j��%
� � �)Sairam and 
Tyagi, 2004 ( �� C�A��4 ���q; �� ����� $
�� �YN� ��

��_; ��U� ���� �E�  K%
&� �� J!�� �&*
% <%�Y*� ����
� �l
k u�q@�!��� !q�
U; 	
���Y# C%� 
� Y�.  

  
�
�� �=�>?�!  

 Ö"
� rN&s; 	
]� C�� �(&\�H= �%��l �����
�;ØI
� ���; �� $��&� 
� ��� m
s&�� 7�q&\; ��p �
=

7�H?� u�P� ��U� �Ed; ��p 	
]� `.k � ��H� ���#
)Gholparvar et al.,2003 .( � �%Y�� �� Q�
k K%
&�

���� �(&\�H= Q�N@�$
�� 
=  � !�a; �(&\�H= �� ���
��_; b%��� �� [�� R�N@; C�Z���4 � Q�*��N� C�� ����

�; J���� ��G� <�� $��� �� ��H� }
��&�� C��f $���
W����X ���>
� C�Z���4 ����� >
� Q�*��N� ���&@; 
� �
=

��&\= Y�� . j�" b%��� �� �(&\�H= $�Y�; C%��>
�
�N@; C�Z���4 � Q�*��N� C�� <�� [�� R)59/0r=( ��� 

) R��G3( .� Q�*��N� C��  $��� b%��� �� ���� ���NH"
�����_; � !�a; �(&\�H8 C%� �� J!��� ��G� ���

 ���� ���NH" JQ�*��N� <%�Y*� 
� �� !�� $L �(�
�� �U���
�; <%�Y*���
% . 7%�� $�Y�; C�� �(&\�H= 7��
&4 �

 $�Y�; 
� [��[�� R�N@; �
=��P ��_;� �����  
� ��
 $��
�H= � �&H_� K%
&�)Nemati et al., 2010 ( !q�
U;

!���. � � <�� b%��� �� 	
]� C�� �(&\�H= �N� ��O
��� <�� $��� �� �&��� . ���� ���NH" C�� <�� b%��� ��

 !�a; �(&\�H= ��%� 7��
&4 � [�� C�A��4 � Q�*��N� �
��_; ��� !�� �NU; C%� �(�
�� �� J!��� ��G� ��� 

 <%�Y*� ��%� 7��
&4 � [�� C�A��4 JQ�*��N� <%�Y*�
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���# c
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Table 4. Factor analysis for biochemical and chemical traits under non-stress condition  

M��&�� $�Y�;
Communality 

7��4 Q;
" 
Factor 5 

j�
8f Q;
"
Factor 4 

j�� Q;
"
Factor3 

j�� Q;
"
Factor 2 

R�� Q;
"
Factor 1 

  
����� ���; 	
]�  Studied traits 

0.790.22 -0.16-0.10-0.160.82Q�*��N�  Chlorophyll (SPAD) 
0.900.16 0.92-0.010.03-0.15[�� R�N@; �
=��P  Leaf soluble sugars  
0.790.81 0.20-0.25-0.17-0.03[�� C�A��4  Leaf proline  
0.84-0.05 -0.390.030.270.77[�� C�Z���4  Leaf protein  
0.540.17 -0.04-0.040.57-0.42[�� 7%��  Leaf  Na  
0.82-0.17 -0.090.88-0.040.10[�� 7��
&4  Leaf  K 
0.73-0.27 0.180.100.780.07[�� 7��
&4 �� 7%��  Leaf Na/K  
0.730.48 0.110.310.600.177%�� ��%�  Root Na  
0.73-0.18 -0.26-0.320.720.08��%� 7��
&4  Root K 
0.730.00 0.060.770.02-0.36��%� 7��
&4 �� 7%��  Root Na/K  
0.83 0.40 -0.31 0.23 -0.06 -0.71 ���� ���NH"  Grain yield 

- 1.05 1.191.662.022.51�t%� �%�
q;  Eigen value 
- 9.56 10.8315.1118.3922.89���� e�
%���  Variance (%) 
- 76.79 67.2356.3941.2822.89���� �_H�� e�
%���  Cumulative variance (%) 

  
 R��G5 - Q;
" �� �%Y��<�� b%��� �� �%
�H�� � �%
H����� 	
]� ���� 
=

Table 5. Factor analysis for biochemical and chemical traits under stress condition 
M��&�� $�Y�;

Communality 
j�
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Factor 4 
j�� �N;
"
Factor 3 

j�� �N;
"
  Factor 2 

R�� �N;
"
Factor 1 

  
����� ���; 	
]�  Studied traits 

0.44 0.04-0.310.33-0.48Q�*��N�  Chlorophyll (SPAD) 
0.46 0.120.25-0.260.56[�� R�N@; �
=��P  Leaf soluble sugars  
0.75 0.330.760.160.17[�� C�A��4  Leaf proline  
0.67 -0.150.62-0.36-0.38[�� C�Z���4  Leaf protein  
0.89 0.940.000.030.00[�� 7%��  Leaf  Na  
0.88 0.180.080.910.07[�� 7��
&4  Leaf  K 
0.92 0.54-0.08-0.78-0.09&4 �� 7%��[�� 7��
  Leaf Na/K  
0.55 -0.21-0.140.160.68��%� 7%��  Root Na  
0.55 -0.05-0.21-0.17-0.68��%� 7��
&4  Root K 
0.77 0.050.010.100.87��%� 7��
&4 �� 7%��  Root Na/K  
0.58 0.20 0.64 -0.16 -0.31 ���� ���NH"  Grain yield 

- 1.361.391.902.85� �%�
q;�t%  Eigen value 
- 12.35 12.6117.2725.88����  e�
%���  Variance (%) 
- 68.10 55.7643.1525.88 �����_H�� e�
%���  Cumulative variance (%) 
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Abstract 

Salinity is one of the most important obstacles in agriculture which reduces crop production. To 
investigate the salt stress effect on some biochemical and chemical traits of 11 rice genotypes, an 
experiment was conducted as split-plot based on randomized complete blocks design with three 
replications in Agricultural College of Yasouj University, in 2012. The main plots were included 4 
levels of salinity (0, 44, 88 and 132 mM NaCl) and subplots were 11 rice genotypes and 10 
characteristics including of chlorophyll, soluble sugar, leaf proline, leaf soluble protein, leaf and root 
sodium, leaf and root potassium, leaf and root sodium to potassium ratio were measured and analyzed. 
Results showed that genotypes were significantly different for all traits except leaf sodium to 
potassium ratio at both 5% and 1% probability levels. Positive and significant correlation was 
observed between leaf proline and soluble sugars in stress conditions. Factor analysis on the basis of 
principal components method and varimax rotation, extracted 5 factors in non-stress and 4 factors in 
stress conditions that explained 79.79 and 68.10 percent of total variations, respectively. Using ward's 
method of cluster analysis, the studied genotypes were grouped in 3 clusters in both non-stress and 
stress conditions. Results from factor coefficients analysis indicated the importance of stress tolerance 
component including leaf proline and protein in selection of desirable genotypes for salt stress 
condition. Considering the results, it could be exploited from heterosis and genetic diversity in 
breeding programs, using genotypes of the first and third clusters in hybridization because of their 
maximum difference.  
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