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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. 
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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. 
 ;=�7-  L��!%���� �0  X��H3�� H�3) HI	���% ����7F �0 � (����  H�3){N( �0 200  �U�� 
�7�NaCl.. 

  

./�  

  6784�0�?� ��;��Z�� 
���2=.� �0���� ��N �0 ���������1	� ����4 12�3�2�  .������ 0��� ����7F �0 �4 ��28��
F,	 ���

;��Z 6	����� 
� 6784�0�� ���+� �� )27( .3 �0�24�����7:�� ��� 5�% D��� ��_��� p%��-67��� 5�% ����� 84�0�?�67 ��

���7 �
���� � `��� �0��	 ��� 5�% �� ;� %� �
���� )5( .  

  ��72���� D� ;"�Z 5��,- �q�Z:  �A 0�=���Fld  �0���8C�� 5�% �� ;� % �0 �� �A 6	� ����0 HI	���% ��0�F ���

 ����
� �7	�% .��4��72����  ���� 5�% 5	��DE
���  D�NaCl  �4 0�0 ��+� 5��,- 6	� �0���8C�� ����F� ��� HI	���%

 ����) ���� ���7% �0 HI	���%�7� �NaCl ~� . D� (
F,	���� �D����
�W� L��!% ��� ��7F ��� 6	� .��2���� Q� �� ���0

 9	��� �0 �4 
����7F �0 6784�0�?� ��7� �4 H3� 6	� D� 
��� ��� �0 L��!%
� ��� 
W7
K ���4:����0 
M��+� 0�=��� 


� ��7� 5�% 9	��� �0 �M�% �4 H3� 
	�/.� �A G	 �A 6	� 
�W	0�� )24(�0 .  ����7F�	D  �� 6784�0�� ��17� �4 5�% ��17�

�>Z?� ;��<�� 
� 5��4���	H7��� 67p%��-��?� 6	� ��7� : 
� ��7- 
%�7Z.��4 5��,-��  ����7F �� �A 6	� @�/2�� �����7-

0�0 ��+�H3� � 
� ��7� ����7F H3?-���4 �0 �A 6	� �4;3�273 �0 �� 0�� )28( ����7F �4 H87� ��W� ���� 6	� ��� :

 HI	���%57-  � X�� �7.�% D��������� �=�	� �� ���% �� .��287� ��0��C�� �A 6	� ��7� ��	�1� D� H3?-���4 ����0 1
3 ��� 

�����% 9	��� �0 HI	���% ����7F �0 ;Z��� ���% �0 �A 6	� [- :����0 (�2��7� 1	��% H3?-���4) �723?- �� 5���7� 0�� 
� 

)25(.  

  H��� ��� 5��4 5�% 5	�1�� 9	��� �0 ������  s��� ���� @��W� 5�4�� G	;� %  .H3� 5�% ����72���� 5��,- 

�q�Z H>�� �0 �4 0�0 ��+� T�2I� ���NaCl  �>� D� HI	���% ����7F :H��� H+4 97 � �0
F,	���� 
3��� 0��� ����: 

����� �2��0 ��2+7� ��� � �/� ��28���% � �2��	 0�
M�j 
.�Z �0 ���� ����7F �4����%  ����0 H+4 97 � �0 �/� � ��� ���0� ��

NaCl  6	� .��2�� 67� D� D�� ��N D� [- � ��0�
��2��	��  ����72����Mohamed  ����=�� � )12 ( 
�7�D b73 ����7F �0

HI	���% 
���I�� H��0 V�3��� .��72����  ���_+��,- 6	��F� ��� L��!% 5�% ���� 97 � �0 ���� � HI	���% ���


�W���2���� ���0:  5�% ����0 97 � �0 ����F� .��0�0 ��+� ��2M� ��� HI	���% �����1�� 6	� ��5�% 9	��� �0 ::  ���

�C�� � H��	 5��4 �+	�
.�Z �0 :���� 0�D �� �4�0 .�+� ����+� ��7F �0 ���� 5��4 z7� 
W7
K 9	���  

 Q�67�N ��72���� Sheikhbeig ����=�� � )20(  ��� �4��	�� ����0�F HI	���% �� �����:  �4 0�0 ��+���	�� ���

�F�HI	���% ��� �W.�S� 0���  
=+C � ���� 5�%
� ;� % ����	���  ����0 97 � �0 �����  �PEG ���D ������j  �0

 �=7.�Z��	��	� �0 ���� ��� � ��2�� 67� D� � ��� ��73 97 � 6���8C��HI	���% ��� �F� 4  ���� 5�% 97 � �0 ��28���%

200  �U�� 
�7�NaCl ������ ���D )14(.  �05��,- �q�Z: ��72���� � � ���E H30�4 0�0 ��+�  :G�� H>�� 5	�1�� �� 0��W%

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

1.
11

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
7-

12
 ]

 

                             7 / 11

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.1.11.2
http://journal-irshs.ir/article-1-410-en.html


����=�� � ��>� 

72 

 �S< � X����7- ��� 
	�DD�� X�� 0��W% �  ���% �0�F� �W.�S� 0��� ���H��	 5��4 5�% 9	��� �0 j
.�Z �0�4  X�� 0��W%

 �S< :Q.�3��7-  �X�� 0��W%  �0 ��� 
	�DD�����8C����� HI	���% �F� ���2 :3 :13  �17  5�% 9	��� �0100  �200  
�7�

 �U��NaCl � HI	���%�7� ����7F D� �2+7 .0�� ���8C�� ��� 5��4�0 ���F �7.�% �� w���� ���� 5�% 9	��� �_+�4�� ���

�,784�1 
����� )19(j 
.�Z �0b73E �4 5�% 9	��� �0 
F�� �����;7.0 H��
�� ��	 ��7F �0 (��4 � Q	�3) 
�3 ���


� .���� H��
����	 0�	D �	0�/� ;h�4�� �0 
�3 ����2C�	 
� 5��4 �� 6��4 H7
t% 
F����0 )2( . 6	���72���  ����72���� 

Sun  ����=�� �)23 (
���I�� 4 ��0�0 ��+� ���_+��,- 6	� .H��0 ��F�b73E �� ��2�4 H73�8Z �	�3 HI	���% ��� ���

 ��vZ D� 
���NaCl  6	� � ��2��0�F�5�% �0 �� 0�C 
W7
K ��� ��28���% Q	?� ������4 �!Z ��j 
.�Z �0 ����7F �4

b73E �����H>�� �0 � ��0�0 ��+� �� 
F�� ��) G�� �U�� ���200  �300  ���� ����7F (�U�� 
�7� ������� ���D  �

�F� .���� b73E ��N0 Q� HI	���% ���  

  ��72���� 5��,- ) �	�� 5�% 9	��� �0 HI	���%�7� ����7F �4 0�0 ��+� 17� ��200  �U�� 
�7�NaCl ��28���2� (

�� 
��C � ���4 ��� ��0�0 ��+� �� ��	�� 
F�� b73E 5�% @���� D� [- �2!� G	� 4 L�� �0 @���� D� [- 
�% 67� D� 5�

��2��. ;��/� �0:  HI	���% ����7F��1�� X�� �!Z �� 0��	� �	�� X�� :5�% 9	��� �0 0�C �����0���  ���7-
	�D 
��C 

.��2��0  ����7F 6	�35  D� [- D�� @����5�% : ������ ���D :���� 5�% 9	��� �0 5�% ���� 97 � �� [�3 ��.���� ;/2� 

$-
�0�
��  

  ��72���� 5��,- 6	� :�x����  �A H
t�Fld m3�- 
C�� �� ����0�F 
=	A�.����� ��� �A 6	� ����0 ��0�  9	��� 5�%

 D� 
��� ����NaCl ���0 97 � �0 �+7���  L�
x�0��� .V�3��� ��72���� � � :5	��DE 6	� D� ���E H30� uI+��  �4

 �A ����0 ����7FFld H>�� �� ���� �U�� �����0��� ;� % �2M� ���� �� H
8�  �0 � �U�� J�S3���� 5�% ) H>��200 


�7� D� 
��� �U��NaCl ��+� ��2�4 
F�� b73E (��0�0 H
8� ��2+7� Q.�3 X�� 0��W% � ��  ���� ����7F.�%��0�4 �7.  

Q�67�N 6	� �0 ����7F 6	� :���� RS3 ��7- ��28���%:��	��� 
	�D 
.�Z �05�% 9	��� �0 HI	��%�7� ����7F �4 ���� :

 
2Z�0  97 �����0 5�% 17� Q	?� �����7- 
����N 
� ��� 6	� �4 ��0��� ;7=+% ����% 
=	�2Z� ;	U0 D� 6	� X�� 
.�

 9	��� �0 ����7FD� 
��� ���� 5�% NaCl  .�����2��	 6	� V�3��� :�� ���0�5��,-��� �� �F� �0 ��� �2C��� ;� 2� ���

5��,- �q�Z  ����� ����5	��DE���  � ��W�
�7�=%  ��� �	 ���I�F 9	��� �0
� 0�M�+7- .00�F 

1��2�                                                                                                                                                               References  

1. Arzani, A. 2008. Improving salinity tolerance in crop plants: a biotechnological view. In Vitro Cell Dev.-Plant, 

44:373-383. 

2. Barlass, M. and K. Skene. 1981. Relative NaCl tolerances of grapevine cultivars and hybrids"in vitro". Z 

Pflanzen Physiol. 102:147-156. 

3. Driver, J.A., and A.H Kuniyuki. 1984. In vitro propagation of Paradox walnut rootstock (Juglans hindsii X 

Juglans regia, tissue culture). HortScience, 19: 507-509. 

4. El-Kader, A., A. Mohamedin and M. Ahmed. 2006. Growth and yield of sunflower as affected by different salt 

affected soils. Int. J. Agr. Biol. 8:583-587. 

5. Erdmann, N., and M. Hagemann. 2001. Salt acclimation of algae and cyanobacteria: a comparison. In Algal 

adaptation to environmental stresses. Springer Berlin Heidelberg. 323-361. 

6. Falk, S., G. Samson, D. Bruce, N. P. Huner and D. E. Laudenbach. 1995. Functional analysis of the iron-stress 

induced CP 43′ polypeptide of PS II in the cyanobacterium Synechococcus sp. PCC 7942. Photosynth. Res. 

45(1): 51-60.  

7. Faostat, F. 2018. Agriculture Organization of the United Nations Statistics Division. Economic and Social 

Development Department, Rome, Italy. http://faostat3. fao. org/home/E.  Accessed, 12. 

8. Flowers, T. 2004. Improving crop salt tolerance. J. Exp. Bot. 5: 307-319. 

 

1- Reactive oxygen species (ROS) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

1.
11

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
7-

12
 ]

 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.1.11.2
http://journal-irshs.ir/article-1-410-en.html


D��	��
 � ���07�+
F,	� 
C�� ����� A�.�����	G ... 

73 

9. Fulton, A.E., J. Oster and B. Nanson. 1988. Salinity Management of Walnut. In: Walnut Production Manual 

(Eds.): D.E. Ramos and David E. Ramos, University of Califonia. Div. Agr. Nat. Res. pp 54-65. 

10. Kumar, K., M. Kumar, S. R. Kim, H.Ryu and Y.G. Cho.  2013. Insights into genomics of salt stress response 

in rice. Rice, 6(1): 1-9. 

11. Lotfi, N., K.Vahdati, B.Kholdebarin, and R. Amiri. 2010. Soluble sugars and proline accumulation play a 

role as effective indices for drought tolerance screening in Persian walnut (Juglans regia L.) during 

germination. Fruits, 65: 97-112. 

12. Mohamed, A.A., M.A. Matter and M.M. Saker. 2010. Effect of salt stress on some defense mechanisms of 

transgenic and wild potato clones (Solanum tuberosum L.) grown in vitro. Nature, 8(12):181-193. 

13.  Munns, R. and M. Tester. 2008. Mechanisms of salinity tolerance. Ann. Rev. Plant Biol. 59:651-681. 

14. Nazari, M., K. Vahdati, M. Tohidfar and H. Ramshini. 2014. Molecular analysis of transgenic Persian Walnut 

(Juglans rejia L.) lines by fld gene and study of their response to salinity stress, Eighth Biotechnology 

Conference of the Islamic Republic of Iran and the 4th National Bio Security Conference. Tehran.  (In 

Persian) 

15. Palled, Y. B., A. M. Chandra Shekharaiah and G. D. Radder. 1985. Response of Bengal gram to moisture 

stress. Indian J. Agron. 30: 104-106. 

16. Peleg, Z., P. Maris and B. Eduardo. 2011. Engineering salinity and water-stress tolerance in crop plants: 

getting closer to the field. Adv. Bot. Res. 57:405-443. 

17. Prabhavathi, V. and M. Rajam. 2007. Mannitol-accumulating transgenic eggplants exhibit enhanced 

resistance to fungal wilts. Plant Sci. 173:50-54. 

18. Rezaei Qusheh Bolagh, F., A. Solouki, M. Tohidfar, M. Zare Mehrjerdi, A. Izadi-Darbandi, and K. Vahdati. 

2020. Agrobacterium-mediated transformation of Persian walnut using BADH gene for salt and drought 

tolerance. J. Hort. Sci. Biotechnol. 1-10. 

19. Rodriguez, A.A.,  K.A. Grunberg and E.L. Taleisnik. 2002. Reactive oxygen species in the elongation zone 

of maize leaves are necessary for leaf extension. Plant Physiol. 129(4):1627-1632. 

20. Sheikh Beig Goharrizi, M.A., A. Dejahang, M.Tohidfar, C.Nestor, M. R. Hajirezaei, and K. Vahdati. 2016. 

Agrobacterium Mediated Transformation of Somatic Embryos of Persian  Walnut Using Fld Gene for 

Osmotic Stress Tolerance. J. Agr. Sci. Tech.18(2):423-435. 

21. Singh. A., L. Hong and A. Louis .2004. Microarray analysis and redox control of gene expression in the 

cyanobacterium Synechocystis sp. PCC 6803. Physiol. Plant. 120:27-35. 

22. Soleimani, H., M. Rashidfar and A. Malekian. 2011. Effect of salinity and drought by using NaCl 99.99% 

and PEG 6000 on some growth factors on Anabasis aphylla. In: Proceedings of 2nd International Conference 

on Environmental Engineering and Applications. 17: 168-172. 

23. Sun, W., D. Deng, L.Yang, X. Zhang, J.Yu, H. Pan and Q. Zhuge. 2013. Overexpression of the chloride 

channel gene (GmCLC1) from soybean increases salt in transgenic Populus deltoides × P.euramericana 

“Nanlin 895” . Plant Omics. 6(5):347-354. 

24. Tognetti-Vanesa, B., F. Javier , F. Palatnik, M. Fillat, M. Melzer, M.R. Hajirezaei, M. Estela Valle and C. 

Néstor. 2006. Functional replacement of ferredoxin by a cyanobacterial flavodoxin in tobacco confers broad-

range stress tolerance. Plant Cell.18:2035-2050. 

25. Wani, S.H., S. K. Sah, L. Sági, and K.Solymosi. 2015. Transplastomic plants for innovations in agriculture. 

A review. Sustainable Agr. 35(4):1391-1430. 

26. Yang Y, R. J. Tang, C. M. Jiang, B. Li, T. Kang, H. Liu, N. Zhao, X. J. Ma, L. Yang, S. L. Chen and H. X. 

Zhang. 2015. Overexpression of the PtSOS2 gene improves tolerance to salt stress in transgenic poplar plants. 

Plant Biotechnol. J. 13: 962–973. 

27. Zurbriggen,  D., B. Vanesa, F. María, M. Hajirezaei, M. Estela and C. Néstor. 2008. Combating stress with 

flavodoxin: a promising route for crop improvement. Trends Biotech. 26:531-537 . 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

1.
11

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
7-

12
 ]

 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.1.11.2
http://journal-irshs.ir/article-1-410-en.html


����=�� � ��>� 

74 

28. Zurbriggen, D., B. Vanesa Tognetti and C. Nestor .2007. Stress‐inducible flavodoxin from photosynthetic 

microorganisms. The mystery of flavodoxin loss from the plant genome. Iubmb Life. 59:355-360 . 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

1.
11

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
7-

12
 ]

 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.1.11.2
http://journal-irshs.ir/article-1-410-en.html


D��	��
 � ���07�+
F,	� 
C�� ����� A�.�����	G ... 

75 

Iranian Journal of Horticultural Science and Technology 22 (1): 65- 74 (2021) 
Research article 

 

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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