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�=�7 6��  
��� �(� .� 21  .#�� <�,V�d$ ���G  <������   �(� ,#1  +(% ���,� .F$�  $���
�= F%,#���# $(�S� F9�% <�� S"� 
��<8�O � 

S-�� 

:�S� $���
�= F9�% <� +,\��
� ��

�
��  #�����
��7 (S���,�(;  �
Z`�� .(%��
���,\ #,�� +#
-!$� ,#  �(� 2 +(�8 F$�.   1��2 2- >�?8�9 �!
�
�(�.!� $���7�&� !9  � �9;<�=  ,
!7
$ ��
�  ��,\��
� $���
�=  ���J %���
��  2SiO ��,  -$�(  F`�,�$
�% ��9;  R$�!� +<�(�� ��,\ (�!���
�)  13 
� 11 (�,# k��7  99   @A���'� � !9 � ���  ��,�]�� +<�(��:��; 
��!��,
�; ��%����
�� ,# 
S!��;  .6�� +,�#�����
�;  <� y���Gp"�� l
��� �� 
S�
�  �(� (%+ � ,# 
�<8�+
�� ��!��; 	����g #�<8 ,# �����
�;  y��n>?�� N�, Bates � 
�,
=�� )1973 (R$��   (�) �!��!J��!=U$� +
�!$#303 UV-PD.  F9�%Apel.  }��  �? ,# (g��r520  �!���
�+<�(��:��; (% .�����.g  }��  �? ,# ,�9M� +
�!$# <� +#
-!$� 
�485  .�!���
� +<�(��:��;  (�Xe
$��� N�, Dubois  �
�,
=�� )1956 ( H
"�� (% .(�,# $���T  y��
� +#
-!$� <� N�, Yoshida � Hoshii )1980 ("�$�+( (%. �����g.  �dX���  +#
-!$� 
� 	�9 <��T 
�  FX#�Gp�# �����!�  [
-�,� ��� 
S�
�  
� R7 <� +#
-!$�!�
$ FX# 
� 69��!� +<�(��:��;  .(%T� <� :,��X��; �����
� ���(� 48 F�
$ ,# 
�8 
� 
�#; 70 ��,# !�
$�.#��� +<�(��:��; 
<� y�� G�7
�  ��X
$  <� G����� 
S�
� ) �	
!�"�# ;�<��� 
�
�  FX#001/0  (H�:H
"�� (%.  O"��������� +#�#
� 
� +#
-!$� <� H��,�OJ� 18 SPSS H
"�� (% .���; $,���  ����� �P�#,�� �A	
d�  � p���6�9 
8
� t!� ���
��; O"� <� _�!`��� ,���T�
 �$��� � �J�?; 
����
C ����
�g  g=��# 
��<8 <� .(% +#
-!$�    �����  
!��f  6���~�  ~��6�,  

~��   �~9 #�# ~��h H�(~9  <� ��
�,
�; #,�� $,���. ���P� ��!C� �
 ��
�!� �A��,�#; �� �, �
-���� �� 
S�
�  (�!~%�(�    �(~�)3 .( �~P��� ��!C� F]�^
�;   ~$ _~�!`����
�=    _~�!`� V�d~$ � 6�� =�7� �  ���~P�   �~�
�!� [�~�  ~$���
�=  
~�  6�~� =�7� � ��O $ F]�^���
�= =�7 6�� 
��  �~� � ~�
�O 	����g �A��,�# #��(� .�����g. �A��,�#; �P���   ��!~C� $ F]�^ � [�����
�= $ �����T  y��,# �?� cd$� 

~� 99  (�,#Q���( (%.   
~�� ~��h ~�G <�  ���~P�  ��!~C� � ��
�!� ��
�,
�; $,��#,��� �� ��(�,�
�; g��9  ~�A�� ,�# #�>�   �(�)4.(  
!��f 
��<8 g=��#  �9 #�# 

��,�(�� $���T y�� ,# ��,
� $��
����
�= ��,�? �A��,�#; ���!� � <��,
� $���
�= F%,#���# #��. ,# 	
j��9 �!�9�g ,�(�� 
8  ,# ��,
�   �!�9+(�
�� (%  �=%)1 .(�����.g ,�(�� $���T  y�� 
S���
�;  
� �<
�,�#
(% #
�<  F]�^
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&� � $ 0!
�
 ...  $���
�= �OJ��6 FJ
�. ��,�?;�9 ���!��g ,�(�� ��g  +#
�,# ��,
� 150 ����H�: 	 ,#��! �=%) (% F>P 2.(     1��23-  ���7
B
�� &� /�CD	 E��F79 � EF7�9 >&�,& G!
 ��(��.!� -H(I .< ��A =J	 �� �  >��� �����  @>�� t������  ��,# #�<8;  ����
�g �
A��� �dX ���  [
-�,�  
<� G�7 y��  
<� G�7 �X
$ [�� $���
�=  2 ns 367/2  ns 456/19  ns 952/0  ns 571/1  F]�^ $���
�=  3  ns 640/0  ns 347/1  ns 281/0  ns 44/0  6�� =�7�  2  ns 681/0  ns 268/21  ns 534/1  ns 033/0  [�� $���
�=  ×$ F]�^���
�=  6  ns 111/0  ns 323/20  ns 035/0  ns 176/1  [�� $���
�=  ×=�7 6���  4  ns 584/0  ns 333/25  ns 021/0  ns 348/0  F]�^ $���
�=  ×=�7 6���  6  ns 694/0  ns 907/52  ns 362/0  ns 841/0  [�� $���
�=  ×$ F]�^���
�=  ×=�7 6���  12  ns 289/0  ns 278/6  ns 187/0  ns 176/0  
d7 28  978/1 488/77 033/1 583/1 ns ��^ �A��,�#    1��2 4- �7
�� CD	�/  &��B
�  >&�,&EF7�9  E��F79 �G!
 ��(�.!�� -H(I .< ��A =J	 �� �'�79& �" ��� ���!�:����  @>�� t������  ��,# #�<8;  ����
�g �
A��� 	����g  ����,(g��9  $���T [�� $���
�=  2 ns 115/1  ns 653/32  ** 038/0 F]�^ $���
�=  3  * 940/27  ns 503/38  ** 018/0 6�� =�7�  2  ** 603/354  ns 638/39  ns 006/0 [�� $���
�=  ×$ F]�^���
�=  6  ns 351/0  ns 446/1  ns 001/0 [�� $���
�=  ×=�7 6���  4  * 361/24  ns 843/11  ns 0 F]�^ $���
�=  ×=�7 6���  6  * 452/22  ns 679/36  ns 0 [�� $���
�=  ×$ F]�^���
�=  ×=�7 6���  12  ns 476/0  ns 268/4  ns 0 
d7  28  801/8 409/62 300/0 ** �A��,�# �?� cd$ ,#�

� 99  �(�,#* �A��,�# �?� cd$ ,#�

� 95  �(�,#ns ^��A���,�#    
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��9 )± $��7�&( ���9  &�F9 B�(�� N�� !
1�O
��' �;�9 &�  � ��' �:�	 6(789 G!
 .!��(�� �� �&$���7 ;& .!9;< ��
&� .Q��R  ���(K
&/���9��I �K
��� QS7A& �J�9 &�  � T5� .�J�:U& 95 �� � �J7�'.      .  E�� 2- /���F9 ��K
��9 )± $��7�&( ���9  &�F9 B�(�� N�� !
1�O
��' �;�9 &�  � -H(I��' 6(789 .!��(�� �� $���7�& ;& .!9;< ��
&� .Q��R /���9��I �K
��� QS7A& �J�9 &�  � T5� .�J�:U& 95 �� � �J7�'.    
!��f  g=��# 
��<8���; �P���  ��
�!��6� =�7� � [�� $���
�= � �9 #�# 

����!��g ,�(�� 	����g ��% ,#�R (% 6���( =�7� � ��,
�  (�
%��(�8 F$# 6�� �P� . (%�( =�7� �
�<��9 
� ��,
�;
� $���
�= +���� #��. �� ,�(�� �!�9; x�
� �OJ��6 	����g (%   �(�)5(.  
!��f  g=��# 
��<8e
$��� �P��� =�7 6�� ��
�!�� $ F]�^ ����
�= � �9 #�# 

����!��g ,�(�� 	����g  v���� �� ��%�R (% 6���( =�7�  �
�(� $���
�= #�� ,# .��%�R R$�!� 6�� � 6�� 
�(�. �P� F]�^
�;  _�!`� $���
�= �� ,�(�� 	����g �A��,�# #�>� .,# ��%�R 6�� (%�( =�7�. �!�9�g ,�(�� 	����g ,# F]�^ 50 ����H�: $���
�= ,# 	��! ��F$# (�8 �9 ��,�? �A��,�#;  
�,�(�� 	����g  ,#F]�^
�;  � �-�150 ����H�: 	 ,#��! ��
-� .F%�#  
��su!7� �A��,�#;  
�,�(�� 	����g ,# F]�^ 100 ����H�:  
�=���$	 ,#��! 

�� #�(�   �(�)6.(  
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&� � $ 0!
�
 ...  1��2 5- 9�K
��� ± $��7�&�9� � X��"�� ���&�� �,&>& ��A =J	 E��F79�  ×� G!
�(�.!� cd$ 6�� �=�7  ,
���  g�	��� )mg/g(  
�(� 6�� (�
% 0/83 ± 0/05 d 
�=���$ F%,#���# 2 ± 0/27 cd 
�=���$��
�  1/42 ± 0/18 d R$�!�  (�
% 3/31 ± 0/17 cd 
�=���$ F%,#���# 2/72 ± 0/36 cd 
�=���$��
�  2/01 ± 0/26 cd (�(%  (�
% 14/95 ± 2/1 a 
�=���$ F%,#���# 5/41 ± 0/99 bc 
�=���$��
�  7/44 ± 1/66 b s��j ^���
��� �����
 su!7� �A��,�# ,# cd$ �?��

� 95 (�,# (�!C�.    1��2 6- 9�K
��� ± $��7�&�9� � X��"�� ���&�� �,&>& ��A =J	 E��F79�  ×� -H(I�(�.!� cd$ 6�� �=�7  
�=���$ F]�^  g�	��� )mg/g(  
�(� 6�� �-�  0/83 ± 0/05 d 50 ����H�: ,# �!�	  1/97 ± 0/48 d 100 ����H�: ,# �!�	  1/4 ± 0/05 d 150 ����H�: ,# �!�	  1/77 ± 0/2 d R$�!�  �-�  3/31 ± 0/17 cd 50 ����H�: ,# �!�	  2/24 ± 0/39 cd 100 ����H�: ,# �!�	  2/6 ± 0/51 cd 150 ����H�: ,# �!�	  2/26 ± 0/35 cd (�(%  �-�  14/95 ± 1/81 a 50 ����H�: ,# �!�	  4/08 ± 0/79 cd 100 ����H�: ,# �!�	  5/44 ± 0/36 c 150 ����H�: ,# �!�	  9/76 ± 1/21 b s��j ^���
��� �����
 su!7� �A��,�# ,# cd$ �?��

� 95 (�,# (�!C�.    ���  ��,�? �9�. :�

�
 � (�,#
X�g �G  
�10 (�,# <;+#�� 7G� $ �� �, #�7���T  k
Z!7�(��# )Richmon & Sussman, 2003 .( ,#6���� ��6.�, T� <� 	
�8�O  �Z��$���T  ,#y�� �� 
S�
�; ����F+(% 
� $���
�=;
� F%,#���#  �+,\��
�  �`��(% �� �9
S�� ,�(�� $���T ,# �� 
S�
�; (�
%  p9#�� !�9)� <� 5/0 (y�� 
<� (�,#. �=�� !j� �
 ,# !7��,
 ,��X 
#�# #�9 $���
�=. ,�(�� � iM��g 



�
����� ���� �����  (�� 
���� ����� � ����28 +,
�% 2   145    �Z��R$�� �� 
S�
�; �A	
d�#,�� C��,
 Am�_ #�� .��,�?; �9 � ,#�,
� 150 ����H�: $���
�= ,# 	��! R�J 6/0  (�,# � y�� 
< 
S���
� �� ��g  k
Z!7� �Z��F%�# .���!� :�

�
 ����<� �U	�#�;
�. 
������ 7\�+� $���
�=  F]�^ 
� <�#
 �, ,# FJ
�
�; ����� #�7 (�,�(� )., 2004et al Ma .( 
!��f 6���� Ashkavand � ) 
�,
=��2015 ( �9 #�# 

��  
S�
�; G	�O	�< ��(�����  #�(j,
So  (�,#$���T  �,,# y�� #�7 7\�+�  .(��9<� �$; #���.  e
$�����!J

�; 6���� Zarafshar ) 
�,
=�� �2015(. ��
�O iM� $���T ,#  
S�
�; �u:� �j�� #�(j 15 (�,#  y�� G�7 
<� F$�. ���
���g ��
��� !���" FJ�: 
���� �9�� �<
�,�# ���:  ,# ���$ iM�T C��,
 Am�_  .F$�  �]� n>? Braunack )1995(. �,(X �M^ ��
�� iM��� ���,�� 

$8 ��,\��
��� � ���!� ��#�%. ,# 
!$�,; Q���( ��g .�]� 
!��f 6���� ��6�, 

�� #�# �9 ��
�O iM� �,\��
�� $���
�= ,# 
����C 
� $���
�= F%,#���# �9� ���!�  .F$�,# �,����9 �G :�+
 (���!� $���
�= <�#
; �, iM� (�9. <� O��F
�; 
����J 
8 +�S� (���7 #��.  G% 
�(� ��g  [�m��
� 
������ iM� R$�� ,��� :�+
  F$� R>��� )., 2004et alMa ( .$���
�= , R$�����
�; >�
�� ��� ��g  iM�+(% �  ���#� ,#<� �?�n  y�� �� �X
$  
�!����(�
�. �,��,#��9 ��
�; � � ��9
� ��,\���=  <���,\��
�  +#
-!$� #�%.   
�!�� � iM���
�$���
�=  6��OJ���(�
�. ���
���g $���
�= �� ,�(�� ���!�; � ,#y� �!%
>�� ��#�% )., 2012et aluriyaprabha S .(��!J

�; Navarro � 
�,
=�� )2008 (

�� #�# 7�� �9� <� ��,\��
� ��(����� ���d$�� � cd$�+� <�#
. Mt� #���;  #�7 cd$ �� �,+(�
>Co � 
� iM� ���!� 
8
� W>$ �OJ��6 F��
�� :�+
 �� 6��
� (��%.   �=� <� pS����g 
�,
=��,; :�

�
 ,# I$
� �� 6�� =�7�.  
���� F��  ��$ �7�# ,#  ���� #��� @�"� 	��$��F
� F$�  �9
8 ����<� 
���
��� �� .
�(�X $��(
�; �8��� 	����g �
!� ��g  +,
%�#�9 .	����g � ����9���,(
�;  ����.  #���]���p+(��9 O�$�;  �9 (�!C�,�(�� <�#
 
8
�  ,#:�

�
  W>$�OJ��6 F��
�� :�+
  ,#����� 6��
�;  _�!`� ���d� ��#�% .@�"� 	����g ,# :�

�
 F�� 6�� 
�x�  ,# �,
C7 6�
9
�^; 	��$� � D�����g
� ���%# )., 2012et alFarooq .( ,# ��%�R 6��. �
�
���: �9 ��6<
$ O!�$ J���9�� � 	����g F$�. ��F�$ 	���( 	����g ��6 ��#�,. ��,�? ��9. �
�����9 :�

�
 F�� PQ��� =�7�  ������ #���; ,��X ��:�(�� �9 x�
� 6�
9 C�
!��� i8 %�+� 	��$� ��.(��% 
��(  F]�^	��$��F
�; #�7 �OJ� �,�6 ��% F�� i8 iM� 
� (��#�R � ���#� 6����( (�9. @X��,#. (�
� ]���p O�$�; H
"�� #�% .  
!��f 6���� ��6�, j9
�  
8 <�#�� �9 ,�(�� 	����g ,# �� 
S�
�;  �<
�,�#
�  
��� 6�� =�7� ��,�? �A��,�#; �OJ��6 �
FJ. ���]� ��($, �OJ��6 ��g  �!��,
���
���� (A��� O�$�; � ,#�g :�+
  �,��(�# .�����.g ���!��g ,�(�� ��g  ,# �!��,
���
S� 
��� #���  F%�#�9 ��6��
�,
�; $���
�=  ,#
8
�   
���+(�� #��$ [�� ��
�!� ���P� .���
�=  6�� 
� =�7�  O�� � F]�^ �=�7 6�� 
� 
�=���$9
j� <� 
8 #�� $ �9���
�= ��% ,#�R R$�!� 6�� � 6�� 
�(�. PQ��� �A�� ,�#; �� ,�(�� 	����g �(�F% .��g ��!J
  
�
!��f 6����
�; g���� �>��  H(� ��PQ��� $���
�= ��% ,#�R  i��d�F��
d� #,�# )., 2008et alAhmed  Hanafy .(,# 6�� (%�( =�7�. $ �P����
�=  ��,�(�� 	����g �A��,�# #��. ��,�?;�9 ,# ��
�,
�; $���
�=. ,�(�� 	����g �OJ��6 ��(�o� F%�(�. @X��,#. $���
�= 
�  i8 ,�(�� �X�(j q-j<� �?�n  � iM� ,�(S��;  
8,# 6�� (%�( =�7�. ,�(�� 	��� @�"��g  �,,# �� 
S�
�; v��� �<
�,�# 6�
9 #�#. !�,#��". ��% #��� 
��R p9�8�. :�+
  e
Cj� �, 
8+#�=� � �OJ� �� ,
o
��6 	����g ���#�%. ���,
>� #���. $  
��� 
����.
�= :�+
  ,
o# �!�9 p9 6���8� +(% � 	����g �OJ��6 ����(�
 .N,�O:  F$� +(%  �9F�� =�7 6��� ,# ���:
�; G	�O	�< �u: �� �j�� ��O ��,
� $���
�= �� �OJ��6 	����g �"�� (�� )Ashkavand ., 2018et al., 2015; Zarafshar et al .(,# 6���� ��6�,. $���
�=
�; F%,#���#  �,\��
�+ x�
�  iM����!� $���T  y�� ,#(�(% .�����.g PQ��� ��,\��
� �� �d$��� cd$�+� 
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 ...  <�#
 � iM� ���!� R$�� :�+
. $ <� ��#�S�����
�= F%,#���# � ,# .#���g 6���� ,#  |�J �(!��(% �9 �OJ� 
��6 $ F]�^���
�=. PQ��� 
8 ���!� ��.#�% 	
j,#��9 ���!��g 	��� 6�
9�g  ,#F]�^ 50 ����H�: ,# 	��! ,# ��%�R 6�� (%�( =�7� +(�
�� (% .�!>	� cm�� F$� �9 iM� $���T ,# F]�^
�; ���!� $���
�= � +,\��
� F	
j ,# ���!� ��#�%.  
��,#  F��
��:�+
 �� =�7� ��
-�� F%�(��9,# .. .�]� g�� <�  #�=���F]�^ 50 ����H�: $���
�= ,# 	��! �!S� #��. $ #��,
9���
�= PQ� F$� g=���� !>w��  #�=��� � (%, �� :�+
 ) (%
� �!%�#., 2004et alShan -Bao(.  
��e
$��� 
!��f 6���� ��6�,. 
��!��,
�; �,��� PQ� F����  <� +#
-!$� $���
�= � .(�!J��� ,��X�g ��!J
 ��(���� ��	#�� p9  
#�� �?  .(%
� 6�� �(�����
��� ���=� ��g  ,# 6����
�J; <
� ��% � (% H
"���R �X���� ���R #�>�  �!�9 F��.   
�!j� ���=� 
�#; ���R  ������ ��; #��� �� 
!��f 
�<8�6 PQ���,�M: +#�� (%
�.  .#,�# #���� 6�����6�,   
��� 
� $���
�= 	�� �O��g 6����
���  ���: 
� �d��, ,# �9 F$� ����� �<
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Iranian Journal of Forest and Poplar Research Vol. 28 No. 2, 2020   148  The effect of coarse and nano particles of silica on increasing drought resistance  in seedlings of gall oak (Quercus infectoria Oliv.)  Sh. Tashakori 1, N. Seyedi 2*, A. Banj Shafiei 3 and N. Abbaspour 4  1- M.Sc. Graduated of Forestry, Department of Forestry, Faculty of Agriculture and Natural Resources, Urmia University, Urmia, Iran 2*- Corresponding author, Assistant Prof., Department of Forestry, Faculty of Agriculture and Natural Resources, Urmia University, Urmia, Iran. E-mail: n.seyedi@urmia.ac.ir 3- Associate Prof., Department of Forestry, Faculty of Agriculture and Natural Resources, Urmia University, Urmia, Iran 4- Associate Prof., Department of Biology., Faculty of Sciences, Urmia University, Urmia, Iran  Received: 15.04.2020     Accepted: 16.06.2020  Abstract     Silicon plays an important role in increasing plant resistance to drought-stress. In this study, the effect of silicon on drought-stress in seedlings of gall oak (Quercus infectoria Oliv.) was investigated. The seedlings were transferred from forest nursery of Marivan Natural Resources Office to Urmia University and were subject to an experiment as a factorial design based on complete randomized blocks in three replications. Seedlings were irrigated by two types of silicon (coarse and nanoparticles) in different concentrations (0, 50, 100 and 150 mg L-1) pre-treatment during a 30-day period based on field capacity. Then, drought stress was imposed on three levels, which consisted of control (based on field capacity), moderate stress (based on 50% field capacity) and severe stress (water withholding) for 21 days. The results showed significant and main effects of silicon type on the amount of silica, drought stress on proline and silicon concentration on proline and silica. However, the interaction effects of drought stress with silicon type and drought stress with silicon concentration were significant only on the proline. None of independent and interaction effects of the fixed factors on growth parameters and the amount of carbohydrate were significant. Generally, silicone application had only a significant effect on severe drought stress in reducing proline content, but there no difference was observed between coarse and nanoparticles. The absorption of silica was obviously higher in the nanoparticle type. Finally, the application of silicon at a concentration of 50 mg L-1 in severe drought stress conditions was concluded to enable increasing the tolerance of Q. infectoria seedlings against drought stress.  Keywords: Carbohydrate, proline, silica, stress. 


