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1- Field Emergence Potential 
2- Stress Tolerance Index 
3- Beet Tolerance Index 
4- Drought Tolerance Index 

ns
YYFEP =�

N�P�

( ) ( )2
YYYSTI

ns
×=�

N1P�

( ) ( )
nsns

YYYYBTI +×=�
N8P�

ns

ns

YY

YY
DTI =�

N:P�

R'2D1T��.�/0�	�4>�'(�!�)#)*"�����=<	�X����I�#6#>�'��3<+#L�!�#��\���

�-� -�. /�����	
� �

(cm)� �
0���12�
� �

�#�	3#4��1���� 

5	3*	
�6� ���)	#�*7 

8������ �

 pH 

�9:���
�
�	;<2

(ppm) 

�%�=����

7>5��

9:���
�
�?���3@��

(ppm)� �

ABCB �����*�4 D DEF GEH GEB IFB 

JBCAB �����*�4 F D I BJEB JB 

�



���#$%������&�'���()'�*���+�,-.�
�/�0,�����#1��2#��3��4	5��&�'666����������������������������������������������� ��
,��7	'���*0�(8�,�'+��:u�

�[��<(	'� .��&� [��9��� .����� �	� .��#6$	� �	� [-

<���������^���	���H�^���(���qJ�;������V#*��(��� 


<�����W�
��[��<(	'� �<+9"� �4J"(�&� .����� z<
$����

�'�R���'��(����H�^���(���(��V#*��'�N�
�"�'�
�"�]2�

�(�>�P2>�]�9�	� T��!	
##B"�2�(������	���Q#���#��
<��)�

����6���
<a-�4l	('�'��K#"��L�'��K#"��O�!	
##B"�WI	
b

#�� '��
3J6��!�0�� (��� <(�4#08E��2�A(2�BC�U#"��O

2<�
5�����*��
�"�]2��'�
�"�V<	
>�4*"�T�.�#�
5(

� �^�_��>� Q#&� �
3J6�'� qJ�;�� ���2�A��V<	
>� (�

W�����F��	� Q<	� 
&� '� ����*��
�"� ]2�'�
�"��Q<
"

_��>2<�
5��L
��� ��� T��_��>�Q<
�/&�F��	
&�[K�

�'
5� �2�&2<
�#�F	
�� ?��#�� ����&� ?6*"� 
@�� �	��

�(	'�k'(��&��(�>G�4L
5�]�9�	T��

��

K!
�)�L��3-� �

�
l	�'�R���
l	�����	��.� ��W�
��[��<(	'��<+9"�c<���

U#"��O� ?&�)��d��!�0�� �	
&� (��a�� V<	
>� (�� +#�� R��

����� ��#0#�� '� ��
3J6�� (	�4=#�� T� c<���� Q<	�.� �

�2����U#"��O� ��� 4�	� .���&� �/&� �� |��<
)"� }��-� ��

� '�� �^#*�� V<	
>2��	�� .� �� R��� T�Q#&� i���	

U#"��O���
3J6��!�0���	
&�2�(��m<�R�6�7	�y^��(����

����� R�\*��	� W<
b� '� 2�A� �
3J6�� '� � <(�� (	�4�	�T

'�����i���	���D2<
�#��Q#&� (	�����?��#����	�F	
�

�!�0��
@����
3J6�.�#&��.�3�	�'��3#��O�n��"���D'�
5

� Y�;��	2<
�#�����C� �(�>� �&� ?6*��� 2�A(2�B4�	�

N4�	� �2 �� ��('��[��<(	'� �<+9"� c<���� TP�� <(� �
3J6�

U#"��O� �&� ��p�t8:�(�>� V#*�� (�� 
���� 2�(���


#l�"��(�>�
�"��	��Ie�&��
<a-�	(�&���	��.� ����(�$����

U#"��O�?��Q#���#�� �	� ��uGt::��V#*��(�� (��3��(��Q"

��#�$�� �&1Gt88��
���� (�>� V#*�� (�� (��3�� (�� Q"

L�<�4N�R'2D8��':�TP��

�&� �
3J6��&� �3#��O� �2#j#-� 40�� m<� .	����(�$

��
�=5�&� 
�"� V#*�� 
#l�"� 4*"� �	
�"� �,<'����

���(	
A��3 ��'��(�>��^#*��
#5�TWJv	�(����"��H�^�

�R�6��� '� 
�"� V<	
>� 4*"� �
3J6�� �=<�)�� �&� ��

������������������������������������������������������������

5- Ward� �

��	� 
�6�� 
�"� V#*�� (�� �
3J6�� �4�	� �2>� ���	�
-

��&� Y�J^�� V<	
>4�	� �� T�&� 
�	� Q<	� Q<	����4�	� ?#H�

��2#H�"�m#H�&�����O
�	��	�� ;&���#5��(�>�V<	
>�4*"

��� �+6�	� ?#=���-� M#@�"� i
�� 	(2��� T��Q<	
&� .'+L	

���'(�.2>���=&�
l	�(���+�����L��	���2#H�"�(��
������

��	���Q<	�R�)��	�(��4<�'2*��Q#�j6��'�(�>�V<	
>�4*"

���~��&�� <(��&���
5R�J��.2>�?<�$�'�M#=)"�������

�4*"�� <(�.�'��9#��� (�� '��
#5�!(����2��� �&�� <(

2&�<�
����
�"�T��

�4*"� �
3J6�� �
<a-� 4l	('� Q#�j6�� ��H�^�� Q<	� (�

��&�
�"�.'2&��	�
� #&�
�"�T.	(�36��'��267	�gph��(�

Q<e� �&�<�(	����S��
�"� 4*"� 2�A(2�BC� .� L	� ��
5

��2��L�<(��R�6���'��3 ���	
&����6���
<a-�4l	('��

�
�"�(��� <(��
3J6�N:ptE�P�
�"�������	�
� #&N8:tE�P

�
�<23<�27�(��2�A��
3J6���	
&�'N8�tE��'�
�"�(�8:tE�


�"
#v� (�� P��&T���L�<� �	��(�#=&� (�� ��	�.	
� �',-����

��3#��O�[��<(	'����4�	��2>�k(	+5�qJ�;��.���#5�(�


�"�4*"� �
3J6���
<a-�4l	('� '����
����(�� '� 2&�<

�
�"� V<	
>� 4*"� �
3J6�� �	
&� Y�;��	� �<�(��� �9#��

����'2*���
5�gS���E��1p��'8EhT���

2<
�#��'�Q<2H	'�Q#���#���=<�)��F��	
&�2�A(2�BC����

_��>�2�A� �
3J6��?6*"����N�R'2DG� P���� �	��.� �

� _��>� Q<
� #& STI� 'BTI����
5� 2H	'� �&� Q<2H	'� (�

�.� L	BP�–�2/ � �M#)�
��Q<e�'1pGp:MS����(	��zJ�"

�_��>�
<��)��
@���	DTI��'FEP�2H	'���Z���'�Q<
� #&

� +#�� ��2<
�#��Q#&� (�1×1� �8×1� ��×8�� '8×G��Q<
� #&

�_��>�'��
@���	�	(�
<��)� STI�'BTI��	��.� �T���D�"��&

����� �&_��>� Q#&� ���=�6�� .2 �� (	�� ���STI���&

DTI��'FEP��Q#�j6��'BTI���&DTI��'FEP�����=�6��'

�����(�#=&�'�4����Q#&�(	�STI��'BTI�)���('�����=�6�

4�	� �2 �� P4�	� (�@��	� ?&�A� c<���� Q<	T���"(���&������

4>	��T_��>���"(�Q#���#��
@���	�Q<e�'�.	'
#��MA(����

WS-82-9��(	
A�](�/C�'�]�����(�(�2�(	�T���

 

 

 

 

 

 



�D�*	�8�3A�#�>����B�������ME��N@.�*@'�O!�������	
����
������������������

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

 

�R'2D8�T�(��� <(�4#0#��'��
3J6��!�0��!	
##B"�2�(��'����	���Q#���#��
<��)�8E�
�"�]2��'�
�"�V<	
>�4*"�2�A(2�BC�U#"��O��

!�0���

Q#���#������	����40��!	
##B"

�
�"�4*"

P�N��

�"��
�"�]2���
�"��
�"�]2���

�� <(��
3J6��N(��3��(��Q"P�1Gt88��uGt::��1tG:��Zt�E��pZ�11��p�t8:����

�_H�����2�A��
3J6��N(��3��(��Q"P��1ptp��u�tZ��p�t����ppt1��pt�8��1:t:��Eut8S����

�_H���2�A��
3J6��N(��3��(��Q"P��EEtG���utu����tZ��put���:t����:Gt8��1Zt:8����

�2�A��	��*�P�N��SSt�Z��:St�S��:t1���ut�G��ut11��8Gt�p��pEt1����

�_H���2�A��	��*�P�N����Zt�G��E:t�p��:Zt�u��Eut����uut�Z���ut�:��pGtG����

��
���� <(N�J#��(��.e	'���	�EE�� <(�
#6��]
5P���1�t:��uZt8��ptp��:t1���utp��Zt1��:pt���

�
���� <(N�J#��(��.e	'���	�EE�]
5�� <(�
#6�P��:ptG��1:t:��::tu���Et:��8Ztp��1ut1��81t11��

��#���.O'
�#������P�N�J#��(��.e	'���	�EE�� <(�
#6��]
5P��ZZt8��u1t1��u1tG��ppt1��upt:��SStE��ZSt1S��

��
�t��

���G:t����8t���1ut1��uuGtE��1:t1��:�tE��p1t1p��

�2#<�H�3H	�W<
b��:pt1��G8t8��pZt8��pt���1:t:��Zut���uGt:8����

�R�\*��	�W<
bNP���u:tuS���8tZ1���GtZ:���1tpp��G1tZZ��G:tu1��EEt8����

F���.	+#�P�N��18t8��ZZt1��pGt:��8pt1��SZt8��S:t���u1t�E��

m �������.	+#�P�N��81t1S��:pt1Z��:Gt88��1:t1:��EEt8���S�t11��S�t1��

  

  

�R'2D:�T�(��� <(�4#0#��'��
3J6��!�0�����6���
<a-�4l	('�'��K#"��L�'��K#"��O�!	
##B"�W<
b8E��U#"��O�2�A(2�BC��


�"�]2��'�
�"�V<	
>�4*"��

!�0�  

��K#"��O�!	
##B"�W<
b

P�N��

��K#"��L�!	
##B"�W<
b

P�N��
4l	('����6���
<a-��4l	('���
<a-

W�
���

�"��
�"�]2���
�"��
�"�]2���
�"��
�"�]2���

�� <(��
3J6��N(��3��(��Q"P�8Gt1E���ut�8��u1t1Z���1t18��GEtE��81tE��8ZtE��

�_H�����2�A��
3J6��N��Q"(��3��(P��E:t�S���Et�8��:Zt1u��GGt18��:ZtE��8�tE��8GtE��

�_H���2�A��
3J6��N(��3��(��Q"P��G8t�S��1Et�8��E8t1Z���Gt1:��:StE��8EtE��:GtE��

�2�A��	��*�P�N��8ut1��E8t���Zpt:���GtG��1:tE��E:tE��1ptE��

�_H���2�A��	��*�P�N��G1t8��8pt:��pZtp��8Gtu��1ZtE��8GtE��8EtE��

��
���� <(N�J#��(��.e	'���	�EE�� <(�
#6��]
5P��1:t�8��Gpt11��ZGt1E��18t1Z�:EtE��p:tE��pEtE��

�
���� <(N�J#��(��.e	'���	�EE�� <(�
#6��]
5P��EptZ��S:t�E��:�t�1���Gt�G��:1tE��G1tE��:GtE��

��#���.O'
�#������P�N�J#��(��.e	'���	�EE�� <(�
#6��]
5P��81t�8�SZt�1��1St�p��u8t1:��putE��1ZtE��:ZtE��

��
�t��

���:Gt�1��pGt1G��put1���GEt88��88tE��GStE��G�tE��

�2#<�H�3H	�W<
b��E�t����8ut�E��uGt�p��Gut88��:8tE���EtE��1�tE��

�R�\*��	�W<
bP�N��ZEt���SEt�����t8���:t8��8:tE��8utE��88tE��

F���.	+#�P�N��1Etu��uutZ���Gt�1��SEt�:��8GtE��8GtE��81tE��

m �������.	+#�P�N���ut1��GEt1��u:t8��:1t:��8:tE��81tE��81tE��

�



���#$%������&�'���()'�*���+�,-.�
�/�0,�����#1��2#��3��4	5��&�'666����������������������������������������������� ��
,��7	'���*0�(8�,�'+��:S�

_��>� 
<��)�� .��&e�&� V)L� ��� 4�	� 
��� �&� ]�e���

�4 ��4/D�.��.��&�W������H+����&�2<
�#��m<��	
&

2<
�#��	
<���4=#��
�"�V<	
>�(����	(	�����2��=���<��

�Q#<�-��
3J6���H'��2��=��
�"��&�4�=���6��4#��=7

2�(	��T��(�$��&�J-���0���(�>��&�?6*"�40����J�m#�O

�
)��?6*"���9<	� (���0J�;��?�	������4�	� �2#j#-� '

�(	��g�:hT�_��>� ���#�
5(� ?#J*"� �	� ���0��	� �&��&� ��

_��>� �
�"�.'2&� '�
�"�V<	
>� (�� 2�A� �
3J6���<��

��&��<e�&����=�6���	(	��Y�J^��'��'2*��V#*��(����

<
�/&�.	�����&� �2�>�&��
3J6�����L
���_��>�Q2��>�T

.�� 	
<��U#"��O�.�
�	2D��&�(��A����(��e�&��
3J6���&����

2��=��V#*�� '�� T��^��.�#�
5(� c<���� ��H�^��Q<	� (�

_��>��	�m<�
��Q#&�'�
�"�V<	
>�(��2�A��
3J6���&���

�
�"�]2�N	�?3>��qH	���P_��>�����	��.� �FEP ���/�"

� _��>� '� 
�"� V<	
>� 4*"DTI�4*"� �/�"��V<	
>

������^&	(�2�A��
3J6���&�R�6���2�(	��(	�T�����D'�Q<	��&�'���

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

 _��>STI ��' BTI���^&	(�V<	
>�'�
��(��2�A��
3J6���&

2��	��.� �� (	������� T���_��>� '��Q<	� �Q<	
&��&��2��	�"

W����� .	���� �&�_��>� Q<
"�2<
�#�� Y�;��	� �	
&����

� ��� ?6*��V<	
>� (����<e�&� �
3J6�� �'2*�� '�Y�J^�

2��>���L
5�
@��(���2�(	��T�_��>�!��H�^����
&�(�STI�

4�	��2>������>�2�A(2�BC�(��Y�J^��_��>�g1��p��'

1ZhT��'� 
&	� �2�A(2�BC� (�� �3 �� �&� ?6*"� ��H�^�� (�

.	(�36��g1:h�������^&	(��#��_��>�Q#&��(	�DTI��'

� Q#&� (�� 2�A� �
3J6�:p��A(2�BC� U#"��O��2�� �� 2

2��
3�� T�(���2>��<�_��>����2������.� ���^&	(�����

U#"��O� �I����>��3 �� �&� ?6*"� �	
&� 2�A(2�BC� ���

4�	�������zL���T.��!��H�^��(������U#"��O��2�&���"(���

� F��	� 
&DTI��
&� �2�&� ��"(� �	� !'�0��� ?���� (�$� �&

��&� �
3J6��F��	� T.�� 
@�� �&���	� 
#v� �
�<�� ?�	��� ���

6��������(	��
)��?6*"�%&�����<����>� (���
3J�2�	�"

����
&�(�(	
A����0��	��(����7��	�����
#5T��

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D�R'2G�T_��>�Q#���#���=<�)��(�>�
�"�'�
�"�.'2&�V#*��'��'�2�A��
3J6��������
&��(�>��&�?6*"������

U#"��O��STI DTI BTI FEP U#"��O��STI DTI BTI FEP 

BP�–�2/ �N�P��SptE��1Gt���1:t:��SEtE��1×: 81tE��GStE��G1t���:1tE��

��Z��N1P��:1tE���ut1��upt1��GGt���8×� 81t���18t���Zpt:��ZZtE��

�S8�M��N8P��pStE���8t���G1t8��Z�tE��8×1 1utE��pStE���Et1��:StE��

�S�N:P��G:tE���8t����Et8��Z�tE��8×8 ZEtE���Gt���Z8t8��Z1tE��

1E8M�NGP��::tE��GutE��GSt1��:EtE��8×: Z1tE��:Gt���uut8��E8t���

1pE8SMS�N�P G:tE��G1t���Ept8��S1tE��:×� uptE��put���put8���pt���

1pEG�MS�N1P :8tE��S1tE��uZt1��pGtE��:×1 GZtE��uptE���8t8��G:tE��

1pGp:MS�N8P SptE��SZtE��E�t:��uEtE��:×8 �ptE��GZtE��G1t���:�tE��

1GS::MS�N:P p8tE���ut���:1t8��Z8tE��:×: Z8tE���Zt���S1t8��Z:tE��

�×� ::tE��pGtE��GZt1��:ptE��G×� u8tE���Gt���u1t8��Z1tE��

�×1 G�tE��Zpt���E�t8 p1tE��G×1 18tE��Ept���ZEt���88tE��

�×8 G:tE��S8tE��E�t8��S1tE��G×8 8�t���S1tE��Z:t:��pGtE��

�×: p8tE����t���8St8��ZEtE��G×: SStE��S�tE��1pt:��pGtE��

1×� uptE��put���put8���St���
u188- 

P1S 
�Gt���1pt���p1t:��SEtE��

1×1 E1t���Gut���:1t:���1t���LSDG���GZtE��putE��:Gt���G:tE��

1×8 8�t���SGtE��Zut:��pZtE��LSD����GEtE��putE��18t���pEtE��

�



���*	�8�3A�#�>����B�������ME��N@.�*@'�O!�������	
����
������������������

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

���� �������

���� �������

���� ��������

���       �� �
�  

���?3>�N� T�� �"�qH	� TP_��>�Q#&� ���#�
5(�w��"(	2<
�#�� (��
�"� ]2�� '�
�"�V#*�� (�� 2�A� �
3J6�� '� ?6*"�����2�A(2�BC����

>_�����(+��?#=���-�(�/`����NFEPP�
�"��&�?6*"��NSTIP��3 ���&�?6*"��NDTIP�2�A(2�BC�?6*"��NBTIP�
3J6����>�4*"�� <(�V<	


�(�>�
�"NRYsP�
�"�V<	
>�4*"�2�A��
3J6�����(�>NSYsP�R�6���V<	
>�(��� <(��
3J6���NRYnP��2�A��
3J6��'�R�6���V<	
>�(�NSYn�P��

�

qH	�

Y�

��

��



���#$%������&�'���()'�*���+�,-.�
�/�0,�����#1��2#��3��4	5��&�'666����������������������������������������������� ��
,��7	'���*0�(8�,�'+��G��

2<
�#�?6*"�_��>� ������ 
&� ��� BTI�'��STI'�

�!�0���
3J6��2�A(2�BC�'��>����<+9"��	����0��	��&��	

��&�'
5��(	'�k'(�2�2>��2�&N�?3>1�TP��<+9"��	�i2�

�>��Q<e��<����>��	��J��L�Q<
� #&��	(	�������&��<��

(�#���
@���	�
�<23<��&��3#��O2���&�(��a������T���2<
�#�

�&:�2�2>�M#=)"��'
5� T2<
�#�����1d�,�1d:,��d1��'

:d:�� �'
5� (�A�� ��� 2��L
5(	
A� Q<	�'
5���	(	�

2<
�#�� '� 2���&� _��>� '�� 
@�� �	� V����� 
<��)������

� .	2�C�6�� (�6>� �&� ������2�'(� T2<
�#�� ���8d1��

�d8��8dG��':dG�2��>��	
6���&��?6*��NTOL�P��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

� �'
5� (�B�
<��)�� Q<
"e�&� ��� 2��L
5(	
A�_��>����

� ?6*"STI�� 'BTI�N?6*��� ���2<
�#�P����� �&� 	(� �

2��	��s�\��	� T2<
�#��� �'
5� ��� DN� ���<�d�� �:d1��

8d:� �1d8� '1dG� PQ#<�-_��>� 
<��)�� Q<
"�?6*"� ���

STI��'BTI�F�=7�o+D�'���	��s�\��	������&� 	(�Q<
"

2<
�#���� (�6>� �&� ���2�'(� T2<
�#�� �'
5� ��� C ��+#�

���
3J6�2��>	��V<	
>�'��
��(��V����T�>����<+9"��	

�'
5�'��3#��O�n��"�y<
 "��	
&�qJ�;��.���#5�(����2�&

������0��	��3<O�H�L(���!�0��F��	�
&�%�	�D���>�g�G��

�p��'1uhT�� �

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��

��
��

�?3>1T��?��7�]	
5'(2����	�>����<+9"��	��	
&��(	'�k'(��&2<
�#�_��>�F��	
&�2�A(2�BC��������STI��'BTI���'�!�0���
3J6���

�



�"�*	�8�3A�#�>����B�������ME��N@.�*@'�O!�������	
����
������������������

�M�3-�$%��	�'��

�Y�;��	� '� �&�<�(	� ��#��� (�� !�)#)*"� 
� #&� .����"

](O��V<	
>� 4*"� 2�A(2�BC� (�� �(�>� �&� ?6*��� M��-

� �2>� R
���N���;J5� '� ��� <����� y^�� P���L
5� !(��

4�	�g�����8��'81h�����D'�Q<	��&��&�<�(	��(+�������	

4�	� �2>�k(	+5��(�>�
�"���#��� (����2�	�g�� �:��'

GhT��J��(�$��&��!��H�^���2>�R
����V<	
>�4*"�?��>�

R�6�	��(�6#"�(�>�(���j��#5�(����"��� ���=���('��m<�

� �4�	��� �H�7� (��� �&�<�(	�(�>�
�"���(+�� (���y^�

�	��
� #&�!	
##B"�������'����3���	(���
&�(��
#5�g�1��'

�uhT��
�<��!(�����&���(+���&�<�(	� (�� ��	� (�� ��#5
&	
&�

�	���#�'�q#$�4@Jv�m6���(	
A�2>(�qJ�;��?7	
��(�

��5#
��g8�hT�e�� �J6D� �	
<�����.��&� �'2*��?<����

��(+����	(�2�A(2�BC�(���(�>��&�?6*"��	��&�.	�"�����


<����� ]�9�	� �	
&�W�����!���3�	�(�>�������(+��	�

�	��4�=�T��<+9"�c<����3#��O��	���Q<	��'(�
&��(�����Q<	

��H�^��2<
�#������	��.� �����8d1���d8��8dG�'�:dG�

�&2<
�#�� .	������ �����
3J6�� �	(	�� '� �(�>� �&� ?6*

�
�"�]2��'�
�"�V<	
>�'��(��W���������L
���2��	�"

2��>T��

References 
[1] Ebrahimian, H. R. (2010). Breeding for 

development of sugar beet salt tolerant Diploid 

pollinators. Sugar Beet Seed Institute, Final 

Report, 31 pages, (in Farsi).  

[2]. Ebrahimian, H. R., Ranji, Z., Rezaei. M. & 

Abbasi, Z. (2008). Screening of sugar beet 

genotypes under salt condition in greenhouse 

and field. Sugar beet research, 24, 1-21.  

[3]. Ahmadi, M. (2012). Study on characteristics 

related to drought tolerance in improved sugar 

beet population. PhD Thesis, College of 

Agriculture, Islamic Azad University of Science 

and Research of Tehran, (in Farsi). 

[4]. Fotuhi, K., Mesbah, M., Sadeghian, S.Y., 

Ranji, Z., & Orazizadeh, M. (2007). Evaluation 

of salinity tolerance in sugar beet genotypes. 

Sugar Beet Research, 22, 1-18, (in Farsi). 

[5]. Abbasi, Z. & Rezaei. M. (2014). 

Development of sugar beet salt tolerant triploid 

hybrids. Sugar Technology, DOI: 10. 1007/s 

12355–014–0309-2. 

[6]. Ahmadi, M., Majidi Heravan, E., Sadeghian, 

S.Y., Mesbah, M. & Darvish, F. (2011). Drought 

tolerance variability in S1 pollinator lines 

developed from a sugar beet open population. 

Euphytica, 178, 339-349. 

[7]. Annicchiarico, P. (2002). Genotype × 

environment interactions. Challenges and 

opportunities for plant breeding and cultivar 

recommendations, In: Kang MS (Ed.), 

Quantitative genetics, genomics and plant 

breeding, CABI Publishing, Wallingford. 

[8]. Betran, F.J., Beck, D., Banziger, M. & 

Edmeades, G.O. (2003). Genetic analysis of 

inbred and hybrid grain yield under stress and 

non stress environments in tropical maize. Crop 

Science, 43, 807-817. 

[9]. Beyene, Y., Mugo, S., Semagn, K., Asea, 

G., Trevisan, W., Tarekegne, A. & Chavangi., A. 

(2013). Genetic distance among doubled haploid 

maize lines and their testcross performance 

under drought stress and non-stress conditions. 

Euphytica, 192, 379-392. 

[10]. Blum, A., Sinmena, B., & Ziv, O. (1980). 

An evaluation of seed and seedling drought 

tolerance screening tests in wheat. Euphytica, 

29(3), 727-736. 

[11]. Dadkhah, A. (2011). Effect of salinity on 

growth and leaf photosynthesis of two sugar beet 

(Beta vulgaris L.) cultivars. Journal of 

Agricultural Science and Technology, 13, 1001-

1012. 

[12]. Genc, Y., McDonald, G. K. & Tester, M. 

(2007). Reassessment of tissue Na+ 

concentration as a criterion for salinity tolerance 

in bread wheat. Plant, Cell & Environment, 30, 

1486-1498. 

[13]. Ghoulam, C., Foursy, A.& Fares. K. 

(2002). Effects of salt stress on growth, 

inorganic ions and proline accumulation in 

relation to osmotic adjustment in five sugar beet 

cultivars. Environmental and Experimental 

Botany, 47, 39-50. 

[14]. Hasthanasombut, S., Ntui, V., 

Supaibulwatana, K., Mii, M. & Nakamura, I. 

(2010) Expression of Indica rice OsBADH1 

gene under salinity stress in transgenic tobacco. 

Plant Biotechnology Reports, 4, 75-83. 

[15]. Hu, T., Zhang, X. Z., Sun, J. M., Li, H. Y., 

& Fu, J. M. (2014). Leaf functional trait 

variation associated with salt tolerance in 

perennial ryegrass. Plant Biology, 16(1), 107-

116. 

 [16]. Juste, A., Lievens, B., Frans, I., Marsh, 

T.L., Klingeberg, M., Michiels, C.W. & 

Willems, K.A. (2008) Genetic and physiological 

diversity of Tetragenococcus halophilus strains 



-.�
�/�0,�����#1���#$%������&�'���()'�*���+�,��2#��3��4	5��&�'666����������������������������������������������� ��
,��7	'���*0�(8�,�'+��G8�

isolated from sugar- and salt-rich environments. 

Microbiology, 154, 2600-2610. 

[17]. Kopittke, P. M., Blamey, F. P. C., 

Kinraide, T. B., Wang, P., Reichman, S. M., & 

Menzies. N. W. (2011). Separating multiple, 

short-term, deleterious effects of saline solutions 

on the growth of cowpea seedlings. New 

Phytologist, 189, 1110-1121. 

[18]. Läuchli, A. & Epstein, E. (1990). Plant 

responses to saline and sodic conditions, In: 

Tanji KK (Ed.), Agricultural salinity assessment 

and management, ASCE manuals and reports on 

engineering practice, ASCE New York, pp. 113-

137. 

[19]. McGrath, J. M., Elawady, A., El-Khishin, 

D., Naegele, R. P., Carr, K.M., & Reyes,.B., 

(2008). Sugar beet germination: Phenotypic 

selection and molecular profiling to identify 

genes involved in abiotic stress response. Proc. 

IVth IS on seed. Transplant and Stand 

Establishment of Hort. Crops. Ed. D.I.Leskovar. 

Acta Hort.782 .ISHS 2008 

[20]. Mohammadi, R., Amri, A. & Nachit, M. 

(2011b) Evaluation and Characterization of 

International Durum Wheat Nurseries under 

Rainfed Conditions in Iran. International Journal 

of Plant Breeding, 5, 94-100. 

[21]. Mohammadi, R., Armion, M., Kahrizi, D. 

& Amri, A. (2010). Efficiency of screening 

techniques for evaluating durum wheat 

genotypes under mild drought conditions. 

International Journal of Plant Production, 4(1), 

11-24. 

[22]. Najafian, G. (2009) Drought tolerance 

indices, their relationships and manner of 

application to wheat breeding programs. In: 

Mohammadi R, Haghparast R (Eds) Plant 

Science in Iran. Middle Eastern and Russian 

Journal of Plant Science and Biotechnology, 3, 

25-34. 

[23]. Nouri, A., Etminan, A., Teixeira, da Silva, 

J. A., & Mohammadi, R. (2011) Assessment of 

yield, yield-related traits and drought tolerance 

of durum wheat genotypes (Triticum  turjidum 

var. durum Desf.). Australian Journal of Crop 

Science, 5 (1), 8-16.  

[24]. Ober, E. S., Clark, C. J. A., Bloa, M. L., 

Royal, A., Jaggard, K. W., and Pidgeon, J. D. 

(2004). Assessing the genetic resources to 

improve drought tolerance in sugar beet: 

agronomic traits of diverse genotypes under 

droughted and irrigated conditions. Field Crop 

Research, 90, 213-234. 

[25]. Ober, E.S. & Rajabi, A. (2010). Abiotic 

Stress in Sugar Beet. Sugar Technology, 12, 

294-298. [26]. Rajabi, A., Griffiths, H., E. S., 

Ober, W., Kromdijk, and J. D. Pidgeon, 2008. 

Genetic characteristics of water-use related traits 

in sugar beet. Euphytica, 160, 175-187. 

[27]. Saccomani, M., Stevanato, P., Trebbi, D., 

McGrath, J.M. & Biancardi, E. (2009) Molecular 

and morpho-physiological characterization of 

sea, ruderal and cultivated beets. Euphytica, 

169,19-29. 

[28]. Sadeghian, S.Y., Fazli, T., Mohamadian, 

R.& Taleghani, D. (2000) Genetic variation for 

drought stress in sugarbeet. Journal of Sugar 

Beet Research, 37, 55-77, (in Farsi). 

[29]. Schneider, K., Schäfer-Pregl, R., 

Borchardt, D. C., and Salamini, F. (2002). 

Mapping QTLs for sucrose content, yield and 

quality in a sugar beet population fingerprinted 

by EST-related markers. Theoretical and 

Applied Genetics, 104,1107-1113. 

[30]. Shiri, M., Aliyev, R. T., and Choukan, R., 

(2010). Water stress effects on combining ability 

and gene action of yield and genetic properties 

of drought tolerance indices in Maize. Research 

Journal of Environmental Sciences, (4), 75-84.  

[31]. Tavakoli, E., Fatehi, F., Rengasamy, P., & 

Glenn, K. M., (2012). A comparision of 

hydroponic and soil-based screening methods to 

identify salt tolerance in the field in barley. 

Journal of Experimental Botany, 63, 3853-3868. 

[32]. Wu, G.-Q., Liang, N., Feng, R.-J. & Zhang, 

J.-J. (2013). Evaluation of salinity tolerance in 

seedlings of sugar beet (Beta vulgaris L.) 

cultivars using proline, soluble sugars and cation 

accumulation criteria. Acta Physiology Plant, 35, 

2665-2674. 

   

 



Arid Biome Scientific and Research Journal                                                                     Vol. 5  No. 1   2015 

 

 

Evaluation of new sugar beet hybrids based on stress tolerance indices 

in saline conditions 

 
1-Z. Abbasi, PhD of Plant Breeding, Isfahan University of Technology and Isfahan Research Center for 

Agriculture and Natural Resources                     abasi@sbsi.ir 

2- A. Arzani, Professor of Genetic and Plant Breeding College of Agriculture, Isfahan University of 

Technology 

3- M. M. Magidi, Associate professor of Genetic and Plant Breeding College of Agriculture, Isfahan 

University of Technology 

4- P. Mashayekhi, Natural Resources and Agriculture for Research center Isfahan 

 

           Received: 22 Jun 2014��
Accepted: 13 Mar 2015 

 

 

Abstract 

In order to evaluate of new sugar beet hybrids for salt tolerance, 20 single cross hybrids produced by 

crosses between 5 diploid pollinators as male and 4 cytoplasmic male sterile as females ( caused by factorial 

design) along with parents were investigated in Rudasht Salinity Research Station in 2012 and 2013. In each 

year, genotypes were studied in two experiments under saline (EC for water and soil about 12 and 8 dS/m, 

respectively) and non-saline field conditions (EC for water and soil about 4 dS/m) using a randomized 

complete block design with two and three replications in first and second year, respectively. Four salt 

tolerance indices including Salt Tolerance Index (STI), Field Emergency Potential (FEP), Beet Tolerance 

Index (BTI) and Drought Tolerance Index (DTI) were calculated based on sugar yield in stress and non-

stress conditions. Regression analysis of sugar yield in two conditions with these indices showed that STI 

and BTI had significantly positive relationship with sugar yield under both stress and non-stress conditions, 

suggesting that these indices are more efficient for determining of salt tolerant genotypes. According to the 

results of cluster analysis, hybrids 2×3, 3×1, 5×3 and 5×4 were recognized as salt tolerant hybrids with high 

yield, and hybrids 1×1, 2×4, 4×3, 3×2 and 5×2 were introduced as susceptible hybrids with low yield for 

salinity condition. 

 

Keywords: Hybrids; Salinity stress; Sugar beet; Sugar yield; Tolerance index. �
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