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1- Macronutrients                        2- Micronutrients 
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Fig.1. Height rate of the transgenic shoot no. 13 (right) and control (left) under no stress conditions. 

;=� 1- ��17� s�!%�� ���8C�� ���%	HI 13 ({N H�3) ���� � (H3�� H�3) �09	��� 5�% ����.  

  

  

  

  

  

  

  

  

  

Fig. 2. The difference in growth of the transgenic line no. 13 (right) and control (left) under 200 mM NaCl. 
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Fig. 3. Effect of different levels of NaCl on the number of healthy leaves. 

�;= 3-  �x�RS3���  T�2I�NaCl Q.�3 X�� 0��W% ��.  

  

�() *

+ �,��- ��.  

  V�3��� ��72���� 1�%	� ���	[�� �0�0��:  �x� 
�"��F���  ;��� �4�F���  0�� HI	���%�7� � HI	���% �� 5�=���� �F��� 

 × T�2I� J�S3NaCl  ����
F,	�  �S<��7-  RS3 �01  �"�0�W�
 ��00��.  

�8	�/�  67_��7�
F,	�  �S<��7- ��� 0��	�  r?2C��W�
 �S< 67� ���0��7-  �0H>���� ����7F 67� G�� T�2I� �

 .0�0 ��+� HI	���% �7� � HI	���%������K ;=� �0 �44 H+4 97 � �0 G�� H>�� 5	�1�� �� H3� ��� �0�0 ��+�:  �S<

��7- 5��4 5�% ���� 97 � �� H
8� ����7F 
�W� H��0 ���0 HI	���% �7� ����7F �0 5��4 6	� ��2+7�  6	� :0����72���� 


� ��+� �4 ��0�0 ����7F 5�% 9	��� :5	��DE 0��� ��0�F ��7-  ��0�4 �7.�% ��2�4  �
� ��� 6	� 
.��2Z� ;7.0 ����% D�

 5�% 9	��� �0 ��7F 62�� 67����� 5�% �0 .200  :G�� �U�� 
�7��F� 13  �	�3 �� H
8��F�6	�2+7� � 0�4 ;�� �2M� �� 

) 36/1 2��3
 �2�(  �S<��7-  � H��0 ���F� 6	�2�4 ���� )7/0 
2��3 �2�(  �S<��7-  ���0 ��0�� ;=�)5.(  

  
Fig. 4. Effect of different levels  of NaCl on the callus diameter in transgenic (L2, L3, L13 and L17) and non-

transgenic lines (N - wild type). 
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Fig. 5. The difference in the callus diameter of transgenic (right) and non-transgenic lines (left) under 200 mM 

NaCl. 
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Fig. 6. Effect of different levels of NaCl on the number of regenerated leave and stem in transgenic (L2, L3, L13 

and L17) and non-transgenic lines (N - wild type). 
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Fig. 7. The difference in the number of regenerated leaves of transgenic lines (right) and control (left) under 200 

mM NaCl. 
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In Vitro Evaluation of Morphological Traits in Transgenic Persian Walnut 

Harboring Fld Gene under Different Levels of NaCl 
 

M. Nazari, M. Tohidfar, H. Ramshini and K. Vahdati*11 

 

 In photosynthetic microorganisms, a series of electron carriers (such as flavodoxin) with the 

similar function to ferredoxin are expressed following the adverse reduction of ferredoxin under 

stress conditions. Fld gene reduces disorders of abiotic stresses in the electron transfer processes 

of photosynthesis. In order to investigate the morphological characteristics of transgenic 

walnuts harboring Fld gene under salinity stress, a factorial experiment was conducted based 

on completely randomized design with four replications. In this experiment, transgenic Persian 

walnut plants expressing Fld (L2, L3, L13 and L17) and ‘Chandler’ as control under different 

levels of NaCl  (0, 100, and 200 mM) were evaluated under in vitro conditions. According to 

the results, L13 had the maximum number of healthy leaves (1.14), callus diameter (1.36mm) 

and number of regenerated leaves (1.13) using 200 mM NaCl. Transgenic lines maintained their 

natural growth in mild stress after 35 days under 200 mM NaCl, while non-transgenic plants 

showed injury symptoms in this treatment. In vitro studies showed that the transfer of Fld gene 

to Persian walnut ‘Chandler’, which is a salt-sensitive plant, improved its growth traits under 

salinity stress.  

Keywords: Salinity stress, Callus, Ferredoxin, Flavodoxin, Juglans regia L. 
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