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The effect of different levels of Wokozim fertilizer on the true seed of  
potato hybrid of Savalan and Satina breeding population under water deficiency 

stress in in vitro conditions 
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Abstract To investigate the effect of Wokozim Fertilizer, containing seaweed, on potato hybrids obtained from the crossing of Savalan and Satina cultivars under normal and water deficiency stress conditions was conducted in the laboratory of Zare Gostar Arta Technology Company, under in vitro conditions, during 2017. The experiment was performed as a factorial experiment in a completely randomized design with three replications. The first factor consisted of three levels of polyethylene glycol 6000  (zero, -3 and -6 bar) to apply water deficiency stress and the second factor consisted of three levels of Wokozim (zero, 30 and 60 ml /L). The effect of water deficiency stress on all traits and the effect of Wokozim  on the all studied traits except for seed germination percentage was significant. The interaction effect of water deficiency× Wokozim  was significant for all traits except stem length. Stem length decreased due to increasing water stress intensity. The maximum stem length (4.67 cm) was observed at the 30 ml/l of level of Wokozim  fertilizer. The water deficiency stress reduced the values of all traits. According to the results, in conditions of severe stress, application of 60 ml/l of Wokozim  can improve germination percentage, root and stem length, but had no significant effect on weight and number of microtubers. In addition, in conditions without stress, 60 ml /l and Wokozim  can improve most of the traits. 
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 Q.�5�"� !�.�"# � "j���+  �"h�Rc% ��  �h����  .�h��  Jh.� �.��� n�K�� ���"� "�NO� &�`� �kR	1 ���  �	hZ.� P.����  "h�  �Fh�  �h."*�K  T�h� �h����  9h(�+ ��  $h�7cS �+'(� [�U�� -V���� �  �����h�  $h3�  ��h�  Ph� �h� �� W.�"� -��� ������ �"S� ��. ��	/ � Q����  J.� �K�LG �� !�,�.��� $�"� �����A Y��  "	hZ# ��� ����M�� ���"� "�NO�  khR	1�  ��h�  �	hZ.�  P.��h�� )���hh+ Qhh*RS ��.�hh.� Ascophyllum nodosum  22  �(�� -��"	�� 2/5  �h(��   JhK  X�hR3� 05/0  �h(��  5�,��  X�hR3� 05/0   �h(�� ���  X�hR3� 05/0  �h(�� � {hh� X�hhR3� 05/0 (�hh(�� � o"hh3� �hh�� �� �.�5hhA� )�a( �c� �."*�K��K �F� �2�2+ ��T�����  9h(�+ �� �U'� �� PU� ���\� -V���� � ������ ��  W.�"h�  h�"�X� � ��� P��� ��)��( -��������� ��)��(  9h.��	��A �� �� ��	��A "� �.�G &"8 ]'���  �A��h^� ��  �h�  ��"h�� �� �8 X�� 1396 [�\�� .��  ��	��A X�� ��� P��� �� �� _`� �RGJR��� X�h��R# 6000  "a() 3- � 6- (��� � ��	��A [�� 9���  �h�  _`h� ��� �	Z.� P.����  "a() 30 � 60 �R��"	�� �� ("	�� .��� )�*��"� ����9!��K� ��� P.���� 9��� !��^%  Qh*RS  �.�.�� ����  �� r��"G�J�K � o"3���K ��� ��.���� "K )"� ��.��� 9��� 25 ��% �F� �2�2+  T�h� �h���� ��.����  ��	�� ��F� �2�2+ �� ���U�� Z����9 ) (X���h����*� )5 �R��"	�� �� 10  "h	�� s  ("h`2�  ���a%�hl  !�h� � �� 9
��  n�"h�  "h	G� � h.�  ��h	3�  Fh4��  �A�h(  Jhc���  $h�� .�hh� ��  "hK $hh��� ���hh�� 2  �hR��"hh	�� �� X�hhR3� i���!�� �� "K ��c�� ������R ���� $S �A�l� .�� ���c� �hK �� ��hh�� �hh�� Qhh.��� �hh� ��hh�� 2±22 �hhS�� hhZR��g�  ����i,� �����.  �hRG JR�h�� X�h��R#  �h�  �a	h��!� �� =�� [�R� )Blum, 2006( �� $MR4��K "M����� ��i�!�� .��� �� �8 !���  �h��  )�ah(  ���h7�  ��Fh�  �h���S!�� ��  "hK ��c�� =��c� � {G �� 25  ��� �(��  �h���S �h��   ��Fh� ���7� � X�8  ��.� ���7� � X�8 9�	G�rR� �  ���h7�  |"h� !������"�# !�� � ��F�  �h���S!��  �h�  W�h3�  $h�� MS 92	�� .�� {G �� ���+ 25-20 ��� �� �pK��#�K  9h���  �� �� W.�"� ���� ��� �� ���� 2±22 �S��  hZR��g�  16 $%�hh� �.��hh��� � 5000-4000 {��hh� )�hh� ��hh� ����i,� .�� {�� �pK��#�K �� W.�"� �K�,�.���  �h� s���� ���� 8 $%��  ��.��h� � 16  $%�h�  �.��h���  �h� �hh���� J�hh��� �"hh��� ��hh��" � {�hh� �� ��.��hh� 9hh���   � ��hhhh�� 22-18 �hhhhS�� hhhhZR��g� ����hhhhi,� �hhhh� 



-�����G -����cK �    �F� �����A � [�R% �."���.�"-  �RS /11 !��c� /1 ��i� /1401 47  )Hassanpanah and Khodadadi, 2009.( �"��� �K"���� �� �8 8-6 �	aK 6cS��� � )�a( ���7� � X�8  �h�.� � �U�hh� ��  �hhpK��# Whh��	� X�hh8  �hh�.� ���hh7� � -�� �"��� "���� �� �pK��# !������"�# .�� ��	�� !�����K �.��� "M��� X��"� -��� ���- .���� {�� �.5\�  {��h.���  ��"h� !��� �hK �  )�hZ.�2�  J�,��h�� )�a( "� g��� -��� LSD �� _`� X�c	+� 5 �� �( � P��"� ����c� �� !��a	�� �� ["���5A� XLSTAT 2016 [�\�� .��  R�8� � SE�  >.�hh	� 9hh(�+ �� �hh.5\� {��hh.��� !����hhK X��hhS) 1(  -�h�� ���  �h�  "hN�  ��h�  Ph� �h�  "h� ���  ���hc� )�ahh( ��7���� .��� "N� P.���� ��4���" �(��  �h���S �h��  ��Fh� "� ".�� )�a( ��"������ ��7���� .���  "N� 9��2	� ��� P��� × P.���� "M���  �hcK  )�ah( ����"�4 X�8 �U�� �� _`� X�c	+� 5 �(�� ��7����  ��h�E �� -���!��K� "��;� "�NO� P��� "�  Jh.�  )�ah(  �h\�	��� "��;� �� -�5�� n"^�  P.��h��  .$h��  �R��h� �  -���h�cK )Cabello et al., 2012( �7��`��� 918  �h��#  T�h� �h���� $3� �� W.�"� ����� X��"� � W.�"�  Ph� �h�  n'	h
� ��7�����  ��"h�  �"h�Rc%  J�h� ���� h�� �hK�  T�h� �h���� !�K��� � =��5# ����c� ��  �"�Rc% -�� �  ���h7�  !�h4 �� ��c�� ��� P��� �K�� �����. �� !�"# [�U�� 	�7vR �hhh� {�hhhS S. tuberosum L.  [�hhhU�� Stenotomum  Andigenum  � Chaucha 9c3� V�� � $���Z+ .�GJ� �� ��� ���
 .��	��� �� �.��� �R��� �  �h�'S )Tavakoli and Jalali, 2016( 5�� "�NO� �"���� ��K��� �	Z.� �� J�Z��"	  "G�h� g'G�"	�� �  [�h.����  ��h�  g'hG  "h� ���  [�h�# ����� n'	
� ��7����� ��� � �� T��"�  fh%��  �.�5hA� 17  30 � 2/11 ��(�� �"�Rc% ���� $*Z�  �h�  ��hc��  �K�h�  �h�. JZ+ !��G )Hassanpanah, 2010(  5h��  J�h�  &�`h�  ��h� P��� ��3� ��R� )�a( n'	
� ��7���� =��5# .�"�  X��S 1- J�,���� )�7�"� )�a( ��"������  Table 1- Mean Square of the studied traits 6���� )�"��;�  S.O.V  �S�� ����  Degrees of freedom  J�,���� )�7�"�  Mean Square  �(�� ����S���  Germination percentage  X�8 �U��  Stem length  ���7� |"� �� �pK��#  Number of leaves per seedling  X�8 ��.� �� �pK��#  Root length in seedlings  ���7� 5.� !�4 �� �pK��#  Number of microtubers in seedlings  -�� 5.� !�4 �� ����  Microtubers weight per plant  ��� �� )A(  (Water deficit stress) 2  **1808.055  **2.25  **7.00  **27.15  **6.04  **0.35  ����P.  (Wokozim) 2  ns20.99  **1.75  **7.00  **5.15  **3.82  **0.15  ��� P��� × P.����  (Water deficit stress× Wokozim) 4  *45.96  ns0.63  **5.00  **1.71  **2.82  *0.16  !�*	�� (Error)  18  14.43  5.50  0.25  0.31  0.38  0.03  T."l ;���)�" )%( CV(%)  -  7.14  13.27  10.34  10.22  21.47  24.27  � ** * ns   T��"� ������5�� ��7� n'	
� X�c	+� _`� �� ���5  �1 ��7� n'	
� ��S� [�% � �(�� ���������.  *, ** and ns denote significant differences at 5, 1 % levels, and not significant respectively.   



��"�� NO��" ���� ��� kR	1� &�`�.P �F� "�...  �."�� [�R% � �����A �F� -�".�  /�RS 11 /!��c� 1 / ��i�1401  48  >.�	� -��� ��� �� X�8 �U�� "N�"� �.�5A� ��) ��� P��� �K�� ��.��� �  J."	h���  ���h( ��  ��h�  �.�h� �M+'� �.�"#  J�h�  ��h�  Ph.'� �  -��h�  ��h�  n'	h
� ��7����� !�K���  �h.�",�  9�h�) 1.(  J�h�pcK  J."	h��� X�8  �U�h� ��  _`h� 30  �hR�� "h	�� ��  "h	��  ��h�  P.��h�� !�K�hh�� �hh� � �.�5hhA� ���hh2� ��hh� �hh� 60 ["hh# )��hha� ��7����� �� _`� -��� ��� $���� 9��) 2.(  "� g��� >.�	� 9��) 3( �.�5A� ��� P� �h�  fh%�� �K�� �(�� ����S��� �F� .�� &�`� kR	1�  ��h� �� ���.��� 5�� "�NO� ����a	� "� ��� �(�� ����S���  .��	h��� ��c�� [�% ��� J."	��� �(��  �h���S �h�� �  ��hc��  ��h� �5c�� 5/6-  ��h�  J."h	c�  �h(��  �h���S �h�� ��  �h�  ��h
 y�^	
� ����� )Fakheri et al., 2017(.  
 )55/0LSD=( 

 )55/0LSD=(   9��1- P� ��� )�� "N� "� ��X�8 �U��  Figure 1-Effect of low water stress intensity  on stem length  9��2- �U�� X�8 "� P.���� ��� -�5�� "N�  Figure 2 - The effect of Wokozim fertilizer  on stem length   -��5A� P.���� �� -�5�� 60 �R��"	�� "� "	�� �� W.�"� ��� f%�� �.�5A� �(�� ����S��� $*Z� �� ".�� &�`� �� ��+����� �� W.�"� ��� P.'� 30 �R�� "h	��  "h�  "h	�� P.���� � �� W.�"� ��� ��.� 60 �R��"	�� "� "	�� �(�� ����S��� �"	��� $*Z� �� ".�� &�`� $��� 9��) 3.(  J��pcK �� W.�"� -��� ���  "hM���  ���h7�  |"h� �� �U�� 60 �R��"	�� "� "	��  P.��h��  $*hZ�  �h�  ".�h�  &�`h� "	i� ��� ��� �� W.�"� ���  Ph.'� �  �.�h�  �hA'	
�  J�h� &�`� ���� !�K��� ��� 9��) 3.( ��� f%�� �K��  X�h8  �h�.�  �h�  9�h�) 3.(  �h	�.> 9(�+ �� �2�.Z� J�,�����K $3�  "�NOh�  �h�  !��h�  �hRG JR�h�� X���R# �� ��U���;m �� W.�"�  ��h� �  X�h�"�  -�h�� ��� �� �J�,��� 8�X ��.� �hm ��  W.�"h�  ��h� )48/0  	��h�� "	�( $*Z� �� W.�"� X��"� )90/2 �	���"	�(50/83  �h(��  �K�h�  �	h���  $h�� )Ghafari et al., 2014.(  X�h8 �� _`� 60 �R��"	�� �� ��"	 �� "K  �h�  _`h�  ��h�  J."	h��� ���2� �� $��� �� ��� �.�� J."	c� X�8 ��.� �� _`� -��� ��� P.���� vR7� .$���  -�� � ���7� 5.�  !�h4  5h�� ��  W.�"h�  -��h�  ��h� �� _`� ���� 60 �R��"	�� �� "	�� P.���� ��"	�.J ���7� �� $��� 9��) 3(. ��  _`h�  ��h�  Ph.'� �  �.�h�  -��5hA� ��� ����P. "�NO� ��7����� ��  "hM��� -�� �  ���h7�  5h.� !�4 -��� ����.   



-�����G -����cK �    �F� �����A � [�R% �."���.�"-  �RS /11 !��c� /1 ��i� /1401 49      )52/6 LSD=( )86/0 LSD=(     )96/0 LSD=( )06/1 LSD=(     )28/0 LSD=(  9�� 3- "N� 9��2	� P.���� × ��� P��� "M��� )�a( ���"�����  Figure 3- Wokozim × water deficit stress interaction in terms of studied traits   
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�h� -��  �h��� Y�ha��� 9��� �� �� -�K��#Q�
 -��  ��.��.�� �� �h���     �h� ��"hU "�NOh� $h3� �hK� )Tourneux et al.,2003; Gopal and Iwama, 2007.( �	����� -�"� �A�l��RG �. X $h�� W�3� �� X���R# JR��� Ms     g"	h�� �.�5hA� vh."8 �� �� $�� W�3� s 9�Z��	G�� �K�� ��    �h�� ��� "h� PhK �Z�% "�NO� J.� �� �K��pK��# ��.� ��� "� PK � �U��� �K����F#   �h� g"	h�� .  �h%�5� W.�"� $3�      Y�ha��� 9��h� �h� �� -�hK��# �h�� �� ���h7�  |"� � �
�� -��  �U��     �h�.� Qh�
 -��  �h�.� �� ��"U "�NO� $3��K� )Tourneux et al., 2003.(  ��� �.��  ��h�
 ��  T�h� �h���� ��  �hR+"�  �h�� ��.�� ����� 6��� �� ����S��� !�4�K !�� � �� ���  �h�.� �"�#�RS ����� )Ahmadizadeh and Felenji, 2011.( ��� P��� ��  T�h� �h����  fh%��  �K�h� -��  Qh�
  �h�.�  �h� ��h� )Sharma et al., 2011.( ��  -�h��  [�hU�� T������� "M��� vc%  �h�.�  )��ha�  ��hS� ���� �  vhc% �hh�.� �� [�hhU�� 9hhc3	� "	hh��� �� [�hhU�� g�hhZ+ $hh��   )Shi et al., 2015.(  "� g���  =��5h#  ���h�.� �  -���h�cK )Zeinali et al., 2018( X�R3����G �� !��^% Q*RS �.�.�� ) [�R�A��h� ��[���( TS�� �.�5A�  �"�Rc% X�8  �U�� -�� Q�
 ���� � -��"� ��.� �S�#�,�"A �� �.�5A� .���   J�h�pcK �� ��.��� Q*RS   �.�h.�� -��  "h� -��   Qh�
  X�h8  ��.� X�8  �U�� _`�  |"� ���	3�  9�A�"R�  �"h�Rc% J�r��"G � )����K��"� �� }��g�"
 �  }�h� g�"h
  �h� ~�� �� �.�5A� ��� )Sridhar and Rengasamy, 2011.( �� �.�hh�� �hh#�5� )Bozorgi, 2012( !��hh^% Qhh*RS ��.��  �h�  $hR% ����  -��h�  ���h	3�  �h���"	��  V�h�  fh%�� �.�5A� �(�� !���  Q�
  X�h8   �U�h�  ���h7�  )���7h��� ���� � �"�Rc% J.� !��# .�� �T18���1U *
:  "� g���  >.�h	�  X�hc%� 60  �hR�� "h	�� ��  "h	��  ��h��P. ������� f%�� ��*i� �(�� ����S ��� X�8 ��.� �  �U�h� �� W.�"� ��� .�.�� ��� ��� "�NO� ��7����� "� -�� � ���7� 5.� !�4 �K��1�  .$h���  !�'h%  "h�  Jh.� ��  W.�"h� -��� ��� 60 �R��"	�� ��  "h	��  P.��h��  �h� �h����  fh%�� ��*i� "j�� )�a( .���    V���/  Reference  
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