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Ê¿Z�M��dÌ¼���iY�Á�Ã{�¯�}Â¨¿�Ê·Â¸��ÉZ�£�¶yY{�Ä]
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Saraswathi, 2010 .(Ä·Â·Â¿Z¿� �Y� Ã{Z¨f�Y� Äf^·Y�ÉZÅ
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�Á� Äf§�´¿� �Y�«� Ä ·Z�»� {�Â»� ¶»Z¯� �Â�� Ä]� �ÂÀÅ
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�½Y�Z°¼Å)Khodakovskaya et al., 2009 (�Á�Ó�Â»�Á
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�|�� �{� �]� ²ÀÌ¼ËY�a� �ÌiPe� ,Y�¸¯� ÃZÌ³� |��� Á� Ê¿�
Ä¿YÂmÊÀ »�Ê¿��Y{ {Â] .�d����Á�|��{��]�²ÀÌ¼ËY�a
Ä¿YÂmrÅZÌ³�|����]�Ê·Á�d�Y{�d^j»��iY�Ê¿��É�ÌiPe�Ä

�d�Y|¿)Salehi and Tamaskony, 2009.( ��iYd�¸£-

�¦¸fz»�ÉZÅÂ¿Z¿� Ä·Â·À]�¯,Ê�¹ÂÌ¿ZfÌeÂ¿Z¿��cY�}Â¿Z¿� Á
�»�Ä^Àm�ÉÁ��ÉÂ¼¿� Á� |���ÉZÅÄrÅZÌ³�ÉZÅ���ZÌa

|�� Ê���] .� d�¸£� �{� ¹ÂÌ¿ZfÌeÂ¿Z¿����Ê¸Ì»��]� ¹�³
�fÌ·�� Á� d�¸£���Ê¸Ì»Â¿Z¿� �fÌ·� �]� ¹�³� Ä·Â·�¾]�¯

�ËÁ��ËY�§Y�\mÂ»Ê³ÄrÅZÌ³�¾ËY� |���ÉZÅ|�� ZÅ .
d�¸£� Á��»� Â¿Z¿� ÉZÅ���Ê¸Ì»Â¿Z¿� �fÌ·� �{� ¹�³Ä·Â·�

� Á� ¾]�¯����Ê¸Ì»=¼�� �iY� ¹ÂÌ¿ZfÌeÂ¿Z¿� �fÌ·� �]� ¹�³�dÌ
|¿|��|����ÅZ¯�\mÂ»�Á�|Àf�Y{ )Haghighi and 

Afifi-Pour, 2011.( �|Ë|m� cZÌ�Â�y� Ä]� ÄmÂe� Z]
ZÆ¿M�d^j»�cY�iY� �Y� {ÂmÂ»�cZ��Y�³� Á� {YÂ»Â¿Z¿���]
Ä·Â·Â¿Z¿� �iY� Ä ·Z�»� ÉY�]� ,Êf�Ë�� ÉZÅ|ÀËM�§ �ÉZÅ
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µ�fÀ¯� É�Ì´]M� |ÀËM�§� �{� Ã�YÂË{� |Àq� ÊÀ]�¯ �Á� Ã|�
� ,�~]� ½{�¯� ®�y�iY ²ÀÌ¼ËY�aÁ�|ÌÅÂ¿Z¿ �] 

�yZ� ÉZÅ Ä¿YÂmÊ¿��� ®Ëº«� �~] ¹��ÂÀ» 
|À«�|À¤q�d§�³��Y�«�Ä ·Z�»�{�Â» .  

  

�Á��Á�{YÂ» ZÅ  
� µZ�� �{� ªÌ¬ve� ¾ËY�����¬Ì¬ve� Ä��R»� �{�cZ

�[Âq�ZÆq� �{� Á�k�¯�|À«�|À¤q� �~]� ÄÌÆe� Á�sÔ�Y
|�� ¹Zn¿Y� [Â�»� Ê�ÅÁ�a� s���®Ë .�ÊÅZÌ³� {YÂ»

�®Ë�½YÂÀ��Ä]�|À«�|À¤q���Za�º«���~]�,Ã{Z¨f�Y�{�Â»
��|ÀÆ»�ÊeZ¬Ì¬ve�ÃZ´f�ËY�¶v»��Y�Ä¯�{Â]�¹��ÂÀ»�º«�

|��¾Ì»Ze�|À«�|À¤q�Ä��R»�É�Æ�» .  
{YÂ»Â¿Z¿ :ÌiZe� dve� {YÂ»Â¿Z¿� {�°¸¼�� Á� �Zf§���

Ê»� �Y�«� ZÆ¿M� ¶°�� Á� Ã�Y|¿Y ��z�»� ¾ËY�]ZÀ]� {�Ì³
�ÅÁ�a� �{� ZÅ�Âf¯Z§� ¾ËY� ½{Â]�{YÂ»Â¿Z¿� Z]� Ä¯� ÊËZÅ

Ê»�c�Â�d�Y��Y{�Ây�]�Ê�Zy�dÌÌ¼ÅY� �Y� {�Ë~a .
�Â¿Z¿�d¯����Y�Ã{Z¨f�Y�{�Â»�ÊÀ]�¯�Ä·Â·Â¿Z¿�cZ�z�»

�®e��Zf�Y)Nano Star Tech ({Â]�¶Ë}�s���Ä]:  
  

Carbon Nanotubes, multiwalled 
Carbon purity: min. 95 % 
Number of walls: 3-15 
Outer diameter: 5-���QP��,QQHU�GLDPHWHU���-��QP��
Length: 1-10 ìm 
Apparent density: 0.15-0.35 g/cm3 
Loose agglomerate size: 0.1-3 mm 

  

ZÅ�Z¼Ìe :¶»Z�� ��¿� {�Â»�ÉZÅ�Z¼Ìe :�-��t��� Á{
�Ã{Z»��Â¿)ÊÀ]�¯�Ä·Â·Â¿Z¿�Á�[M(, �-��d�¸£�t���Ä�

� ÊÀ]�¯� Ä·Â·� Â¿Z¿� ÉY�])��� ,���� Á���ÊaÊa¹Y(� � ,� -�
�²ÀÌ¼ËY�a�½Z»��t����ZÆq)� ,Ä¬Ì«{�lÀa�� ,����Á���

d�Z�(�Á�,�-��| ]��~]�É�Y|Æ´¿�½Z»��c|»�t���Á{
�²ÀÌ¼ËY�a��Y)���Á��Á�����Á� ({Â] .�{Y| e��Â¼n»��{

� ¶»Z�� ZÅ�Z¼Ìe���{Â]� �Z¼Ìe .Á�|ÌÅ� ÉZÅ�Z¼Ìe 
�²ÀÌ¼ËY�a)�c|»�Á{��{�²ÀÌ¼ËY�a�½Z»���ZÆq��{�[M

²ÀÌ¼ËY�a� �Y� �a� É�Y|Æ´¿� ½Z»� (�µ�fÀ¯� ½YÂÀ�� Ä]

�Ã{Z¨f�Y�{�Â»�²ÀÌ¼ËY�aÁ�|ÌÅÂ¿Z¿�ÉZÅ�Z¼Ìe��ËZ��ÉY�]
|Àf§�³��Y�« .�c|»�Ä]��ËZ»�M�{�Â»�º«��É�~]� Ã{Âe

����Ä¯�Ã|���~]�Ã|ÀÀ¯�Ê¿Â¨�|��ÃZ´f�{�{�YÁ�Ä¬Ì«{
Ì�¯Â]�¯��Y�Å��{�ºÌ¿�Á�Á{�µÂ¸v»�ÉÁZu{Â]�¹Y�Ìe�¾ .

�c|¼]�Ê§Z��~£Z¯�ÉÁ��ZÅ�~]�Ä¸u�»�¾ËY��Y�| ]���
d]Â���ÉY�]�d�Z� ��Y��a�Á�|¿|�� Ã{Y{� �Y�«�É�Ì³

� Ê§{Z�e� Ô»Z¯� �Â�� Ä]� ,½|�� ®�y���� Ã{Âe���
�Ä]� Á� |Ë{�³� Y|m� ZÆ¿M� �Y� º�¬»� ÃZ´f�{� Z]� Ê»�³

É�Âe� Ä�Ì¯� �{� Ä¿Z³Y|m�c�Â� �ÄfzË��\�ZÀ»� ÉZÅ
|¿|� .��d�¸£�Ä��Á�[M�ÉÁZu�¥�� ���,����Á���

��Å��{�Á�|��ÄÌÆe�Ã�YÂË{�|Àq�ÊÀ]�¯�Ä·Â·Â¿Z¿�¹Y�Êa�Êa
�¥�����Ã{Y{� �Y�«� ©Â§� ÉZÅ�~]� ÉÁZu�É�Âe� Ä�Ì¯
|¿|� .¥��Ä�Ì¯� Á� ZÅ�²ÀÌ¼ËY�a� ½Z»��c|»�Ê�� ZÅ

|¿|��ÊÅ{YÂÅ .�c|»� �Âf¯Z§�sÂ���µZ¼�Y� �Â�À»� Ä]
� ,Ä¬Ì«{�lÀa�ÉZÅ�½Z»�� �{� ,²ÀÌ¼ËY�a�½Z»����,d�Z�

����Á�d�Z�����Z��Ä�Ì¯�Á{�¥����Å��Y�\Ìe�e�Ä]�d
�ZÅ�~]�É�Zm�[M�Z]�Ê�°]M��Y��a�Á�Ã{�¯�k�Zy��~]

Ä�Ì¯��Yk�Zy� ZÅ�®�y�~£Z¯�ÉÁ��Á�ÉZ�§��{�¾¯
�¶«Y�|u�c|»�Ä]� ÄËÓ�®e�c�Â��Ä]� ÃZ´�ËZ»�M���

|¿|��Ã{Y{��Y�«�d�Z�.��Ê°Ë� ,²ÀÌ¼ËY�a�½Z»���Å��{
�É�Y|Æ´¿�ÉY�]�ZÅ�Ä�Ì¯��Y���ÉY�]�¹Á{�Ä�Ì¯�Á�Ã�Á�

|Æ´¿� É�Y���|¿|�� Äf§�³� ��¿� �{� Ã�Á�. ��ËZ»�M
Ä¿YÂm ²ÀÌ¼ËY�a��Y��a�Ê¿� :��Y�| ]��Á�����Y��a��Á�

Ã�Y|¿Y� �Â�À»� Ä]� ²ÀÌ¼ËY�a ���¿� {�Â»� cZ¨�� É�Ì³
Ä¿YÂm�d����¶»Z� Ä¿YÂm�|��{�,Ê¿� �,Ä¿YÂm�ÄÌÀ]�,Ê¿�

�½�Á� Á� ,�e� ½�Á� ,Äq� Ä«Z�� µÂ�� Á� Äq� Ä�Ë�� µÂ�
�� \·Z«� �{� Ã|�� ºËY�a� ÉZÅ�~]� d�¯� ,®�y�s�

�Z]�Ê§{Z�e� 0Ô»Z¯��|��¹Zn¿Y��Y�°e .�Ä¯�\Ìe�e�¾ËY�Ä]
�Y� �a� Á� ��Z¼�� ZÅ�~]��~£Z¯� ÉÁ�� �]� Ê¿Â¨�|�

|¿|��d�¯�Ê§Z� .�½{�¯�Ä§Z�Y��Y��a�����fÌ·�Ê¸Ì»
�Ä]�Z°Ì·Âa�Ä·Â·�¶yY{�Á�Ã|��µÁ��Ê»Y�M�Ä]�~£Z¯�,[M
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��Z¨e�Y�� ��Z]�ºÅ��Y�ZÅ~£Z¯�Ze�|��Ã{Y{��Y�«��f»�Êf¿Z�
|¿Â�¿ .Ä·Â·� ¾ËY �¥��� ½Á�{� ZÅ~£Z¯� ÃY�¼Å� Ä]� ZÅ

Ä¿YÂf�Y� Ê°Ìf�Ôa[�{� ¥Z¨�� ÉY�É�fÌ·� �ZÆq� �Y{
�Á�Ã|��Äf�Y~³����Ê¸Ì»��¥Á���¶yY{���¬»�[M��fÌ·

|�� ÄfzË� .Ä¿Â¼¿� �b��Äm�{� Z]� �ÂeZÀÌ»��� �{� ZÅ
� c�Y�u��-���Êf¿Z�� Äm�{ �Ê^�¿� d]Â��� Á� {Y�³

�� -���|Àf§�³��Y�«�|��{ .�Ê�����Á� Ã{Y{É�Y{�]-

¹Zn¿Y� ZÅ�|��� ÁÄ¿YÂm� d���� cZ¨��|��{� ,Ê¿�
Ä¿YÂm¿�Ê,�Ä«Z�� µÂ�� ,Ä�Ë�� µÂ�Äq�½�Á� ,�e� ½�Á� ,
®�y�À]�ÁÌÄ��Ä¿YÂmÃ�Y|¿Y�{�Â»��Y�«�Ä^�Zv»�Á�É�Ì³
|Àf§�³ .Ä¿YÂm�d����\Ë��� Ä^�Zv» Ê¿� :��Á��� Z]
Ä¿YÂm¿��d���� \Ë��� Á� ¹Zn¿Y� ��Z¼�� �Á�� �Å� Ê
Ä¿YÂm � Ê¿�)Coefficient of Velocity (Y�� ªË���Y�Ä�]
Ã�Z¼� � -� �|��Ä^�Zv»)Campbell and Enz, 1991; 

Phartyal et al., 2003 .(  
  

CV = 100[∑ Ni / ∑ NiTi]                            )� -�(  
  

��Ä¯Ni�����Á���{��Ã|���^��ÉZÅ��~]�{Y| e i�Á�¹YTi 
 �|�Z]�Ê»��ËZ»�M��Á����Y�| ]�ÉZÅ�Á�.   

ÉY�] ÄË�ne Á ¶Ì¸ve Ã{Y{ ZÅ �Y ¹�¿ §Y�Y� SPSS 

16.0 �µ|»� �Z�Y� �]� Ä§��� ®Ë� �¿ZË�YÁ� ÄË�ne� Á
Á�Ê§{Z�e�Ô»Z¯�Ê�ZË��Ä�ËZ¬» ¾Ì´¿ZÌ» ZÅ �Ã{Z¨f�Y�Z]

½Â»�M� �Y Á�¾°¿Y{ �{ t�� � µZ¼fuY���¹Zn¿Y� |��{
|� .��Ìv»��{��Ì¿�ZÅ�Y{Â¼¿SPSS�|¿|��º�� .  

  

Zf¿Ël Á hv]  
½Z¼Å �Â� Ä¯ Ã�Z�Y ,|� ��ÌiZe� Ê���]� dÆm

Ä·Â·Â¿Z¿�Z]�²ÀÌ¼ËY�a �Ä�ËZ¬»�Á�Ã�YÂË{�|Àq�ÊÀ]�¯�ÉZÅ
Ä¿YÂm�Ä¸u�»�cZ¨���]�²ÀÌ¼ËY�aÁ�|ÌÅ�Z]�½M ��~]�Ê¿�

�d�¸£� Á� �Â¿� ¶»Z�� ÊËZÅ�Z¼Ìe� ,|À«�|À¤q� ¹��ÂÀ»
�¾Ì]� Ä¸�Z§� Á{� Á�½Z»��c|»�|Àq� �{� �Â¯~»� {YÂ»Â¿Z¿

� Á� |¿|�� µZ¼�Y� d�¯� Ze� ²ÀÌ¼ËY�acZ¨� d��� 

Ä¿YÂm ,Ê¿� |��{ Ä¿YÂm ¿�Ê, µÂ� ,Ä�Ë� µÂ� Ä«Z� 
,Äq ½�Á ,�e ½�Á ,®�y Á À]ÌÄ Ä¿YÂm Ã�Y|¿Y É�Ì³ 
|�� Á� |¿�a �Y ¹Zn¿Y Z»�MËcZ� Ä�Â]�» ·Z¿MÌ� Ã{Y{ 
ZÅÉ ¶�Zu �Y YË¾ Z»�MËcZ� d§�³�c�Â� .  

�µÂ�� ,Ä�Ë�� µÂ�� cZ¨�� �¿ZË�YÁ� ÄË�ne� lËZf¿
�e� ½�Á� ,ÄyZ�,�Ä¿YÂm� d���� ,®�y� ½�Á�,Ê¿�

Ä¿YÂm�|��{�Ã�Z¼��µÁ|m��{�ÄÌÀ]�Á�Ê¿����Ã|��Ã{�ÁM
d�Y .�{�Â»� cZ¨�� ÄÌ¸¯� ÉY�]� ZÅ�Z¼Ìe� ¾Ì]� ¥ÔfyY

�t����{�Ä�Ë��µÂ���n]�Ä ·Z�»� %{Â]��Y{�ÊÀ ».   
�Ä¯� {Y{� ½Z�¿� ¾°¿Y{� �Á�� Ä]� ¾Ì´¿ZÌ»� cZ�ËZ¬»
�®Ë��{�ZÅ�Z¼Ìe��Y�É{Y| e� ,cZ¨���Y�¹Y|¯��Å�ÉY�]

ÊÀ »� ¥ÔfyY� Á� Äf§�³� �Y�«� �Ô¯�Á� |¿�Y|¿� É�Y{
¾Ì´¿ZÌ»�¾Ë�eÓZ]�¾ËY� �]� ÃÁÔ�� �Å� �{� ZÅ�¾ËY� �Y� ¹Y|¯

Ê»� ÊeÁZ¨f»� ÉZÅ�Z¼Ìe� Ä]� ª¸ f»� cZ¨��Ä]� Y~·� |�Z]
�Ä°ÀËY� Ä]� ÄmÂe� Z]� Á� ,ZÅ�Z¼Ìe�¾Ë�e�iR»�[Zzf¿Y� �Â�À»
|¿{Â]���¿�{�Â»�Ã|��µZ¼�Y�ÉZÅ�Z¼Ìe�Ê§{Z�e�cY�iY,�
�ÉY�]� ÊÅÁ�³�cZ�ËZ¬»� �YÂ¿Y� Á� ZÅ� Ã{Y{� É|À]� ÃÁ�³

|��¹Zn¿Y�cZ�Ô�Y�kY�zf�Y.   
ÊÀ »� ½Â»�M� �Â�À»� Ä]½{Â]� �Y{��Á{� ¾Ì]� ¥ÔfyY

�ÉZÅ�Z¼Ìe� ÃÁ�³� Z]� ²ÀÌ¼ËY�aÁ�|ÌÅ� ÉZÅ�Z¼Ìe� ÃÁ�³
�¾Ì´¿ZÌ»� Ä°ÀËY� ½{Â¼¿��z�»� Á�²ÀÌ¼ËY�aÁ�|ÌÅÂ¿Z¿
�cZ¨�� Ê^�¿� {Â^Æ]� h�Z]� ÃÁ�³� ¹Y|¯� Ã{Z�� cY�iY

Ä¿YÂm� Ä¸u�»Ê»� Ê¿�{Â�,�ÃÁ�³Ã{Y{� É|À]�Á� ZÅ
�yZ�F ��|Àf§�³� �Y�«� Ã{Z¨f�Y� {�Â»� Ä�ËZ¬»� ÉY�]

)� ½Â»�M� Ä]Z�»� lËZf¿t {Â]� d¿{ÂÌf�Y(. �ÄË�ne� lËZf¿
Á�|ÌÅ�ÉZÅ�Z¼Ìe� ÃÁ�³��¿ZË�YÁ �¶]Z¬»� �{�²ÀÌ¼ËY�a

Á�|ÌÅ�Â¿Z¿�ÉZÅ�Z¼Ìe�ÃÁ�³ �²ÀÌ¼ËY�a)�µÁ|m� (�½Z�¿
�µÂ�� cZ¨�� ÉY�]� ÃÁ�³� Á{� ¾ËY� ¾Ì]� ¥ÔfyY� {Y{

Ä¿YÂm� d���� ,ÄyZ�Ê¿�,�Ä¿YÂm� |��{�ÄÌÀ]� Á� Ê¿�
�t����{�Ä¿YÂm��ÊÀ »�|��{Ê»��Y{�hÌu��Y�Z»Y�|�Z]
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Â�ÊÀ »�¥ÔfyY�®�y�½�Á�Á��e�½�Á�,Ä�Ë��µ�É�Y{|�¿�{��d¨��Ä��¾ËY�ÉY�]��¨����§�Á�|¿{Y|¿�½Z�¿ .  
  

�µÁ|m�-��yZ���¿ZË�YÁ�ÄË�ne�lËZf¿Ä¿YÂm�ÉZÅ²ÀÌ¼ËY�a�¦¸fz»�ÉZÅ�Z¼Ìe��{�|À«�|À¤q��~]�Ê¿�.  
Table 1- ANOVA for seed germination indices under different treatments of seed priming in sugar beet. 

 cY�ÌÌ¤e��^À» 
S.O.V 

É{Y�M�Äm�{ 
df 

cZ ]�»�¾Ì´¿ZÌ» 
Mean Square 

F cY�ÌÌ¤e�\Ë�� 
CV(%) 

Ä�Ë��µÂ� 
Root Length 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

31 
64 
95 

1.450 
 

1.554 
.933ns 

13.45 

ÄyZ��µÂ� 
Shoot Length 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

31 
64 
95 

61.091 
 

5.958 
10.253** 

38.18 

�e�½�Á 
Fresh Weight 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

31 
64 
95 

.163 
 

.046 
3.529** 

15.47 

®�y�½�Á 
Dry Weight 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

31 
64 
95 

.001 
 

.0004 
2.246** 

36.13 

Ê¿��Ä¿YÂm�d��� 
Speed of Germination 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

31 
64 
95 

4.769 
 

.562 
8.478** 

13.44 

Ê¿��Ä¿YÂm�|��{ 
Percent of Germination 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

31 
64 
95 

151.349 
 

37.500 
4.036** 

09.70 

ÄÌÀ] 
Vigor 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

31 
64 
95 

8133.225 
 

455.740 
17.846** 

27.40 

:ns��Ì£ ÊÀ »�Y{,* Á **:�ÊÀ »�\Ìe�e�Ä]|��{�®Ë�Á�|��{�lÀa�t����{��Y{.  
ns: Non-significant, *and**: Significant at % 5 and 1% probability levels, respectively. 
 
 

µÁ|m �- ÄË�ne�lËZf¿ �¿ZË�YÁ �yZ�Ä¿YÂm�ÉZÅ�{�Ê¿� Ä�Â¼n» ÉZÅ�Z¼Ìe ²ÀÌ¼ËY�aÁ�|ÌÅ Á ²ÀÌ¼ËY�aÁ�|ÌÅÂ¿Z¿ �~] |À«�|À¤q.  
Table 2- ANOVA for seed germination indices in treatment groups of nanohydropriming and hydropriming 

of the sugar beet seed. 
 cY�ÌÌ¤e��^À» 

S.O.V 

É{Y�M�Äm�{ 
df 

cZ ]�»�¾Ì´¿ZÌ» 
Mean Square 

F cY�ÌÌ¤e�\Ë�� 
CV(%) 

Ä�Ë��µÂ� 
Root Length 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

1 
94 
95 

.136 
 

1.535 

.088ns 13.45 

ÄyZ��µÂ� 
Shoot Length 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

1 
94 
95 

350.132 
 

20.479 

17.097** 38.18 

�e�½�Á 
Fresh Weight 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

1 
94 
95 

.235 
 

.083 

2.844ns 15.47 

®�y�½�Á 
Dry Weight 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

1 
94 
95 

.000 
 

.000 

.058ns 36.13 

m�d���Ê¿��Ä¿YÂ  
Speed of Germination 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

1 
94 
95 

93.389 
 

.962 

97.060** 13.44 

Ê¿��Ä¿YÂm�|��{ 
Percent of Germination 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

1 
94 
95 

2520.500 
 

48.631 

51.829** 09.70 

ÄÌÀ] 
Vigor 

Treatments   ZÅ�Z¼Ìe 
Error �Ê�ËZ»�M�ÉZ�y  

Total �¶¯  

1 
94 
95 

37508.688 
 

2593.496 

14.463** 27.40 

:ns�ÊÀ »�Ì£�Y{,* Á **:�ÊÀ »�\Ìe�e�Ä]|��{�®Ë�Á�|��{�lÀa�t����{��Y{.  
ns: Non-significant, *and**: Significant at % 5 and 1% probability levels, respectively. 
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b 

 
a  

 

 
d   

c  
�¶°�� -���ÄyZ��µÂ��ÉZÅ�¾Ì´¿ZÌ»�Ä�ËZ¬»)a(Ä¿YÂm�d����,�Ê¿�)b(Ä¿YÂm�|��{�,�Ê¿�)c(�Ä¿YÂm�ÄÌÀ]�Á�,)d (�ÉZÅ�Z¼Ìe�ÃÁ�³

�²ÀÌ¼ËY�aÁ�|ÌÅ)`q�d¼� (�²ÀÌ¼ËY�aÁ�|ÌÅÂ¿Z¿�Á)d�Y��d¼�  .(�²ÀÌ¼ËY�aÁ�|ÌÅÂ¿Z¿��{�cZ¨��ÄÌ¬]�¾Ì´¿ZÌ»�,ÄyZ��µÂ��d¨���n]
Ê»��eÓZ]|�Z].  

Figure 1- Mean comparison of the shoot length (a), germination speed (b), germination% (c), and vigor (d) 
groups hydropriming (left) and Nanohydropriming (right). Except for the shoot length, rest of the averages 

are higher in Nanohydropriming. 
  

� Ä]� ÄmÂe� Z]��Y� ,ZÆÅÁ�³� ¾Ì]� É{Y�M� Äm�{� ®Ë
�dÌ «Â»� Ã|ÀÅ|¿Z�¿� Ä¯� �Ë�� É| ]� Á{� ÉZÅ� ¥Y�³

¾Ì´¿ZÌ» Ê»�ºÅ�Ä]�d^�¿�ZÅ�Z¼Ìe��Y�ÃÁ�³�Á{�¾ËY�ÉZÅ-

|��Ã{Z¨f�Y�|À�Z] .¥Y�³��{�Ä¯��Â�¿Z¼Å �Ã�Z¼��ÉZÅ
���Ze��Ê»�Ã|ÅZ�»��{�ÄyZ��µÂ��d¨��¾Ì´¿ZÌ»�{Â�

Á�|ÌÅ� ÉZÅ�Z¼Ìe Â¿Z¿� ÉZÅ�Z¼Ìe� Ä]� d^�¿� ²ÀÌ¼ËY�a 
Á�|ÌÅ �|Àf�Å�Ä¸X�»�¾ËY��´¿ZÌ]�Á�Ã{Â]��eÓZ]�²ÀÌ¼ËY�a

Á�|ÌÅ� ÉZÅ�Z¼Ìe� Ä�Â¼n»� �{� Ä¯ �|ÀËM�§� ,²ÀÌ¼ËY�a
� d�Y� Ã{Zf§Y� ©Z¨eY� �fÆ]� Ê�ËÁ�� |��)� ¥Y�³�(�Z»Y� ,

¥Y�³Ã�Z¼�� ÉZÅ��� Ze���Ä�Â¼n»� Ä¯� |¿{Y{� ½Z�¿
Â¿Z¿� ÉZÅ�Z¼Ìe Á�|ÌÅ �cZ¨�� {Â^Æ]� h�Z]�²ÀÌ¼ËY�a
Ä¿YÂm�d���¿YÂm�|��{�,Ê¿�Ä�º«��Ä¿YÂm�ÄÌÀ]�Á�Ê¿�

Ã|��²ÀÌ¼ËY�aÁ�|ÌÅ� Z]� Ä�ËZ¬»� �{�|À«�|À¤q���Za-

|¿Y. ��Â�À»�Ä]�ÓÂ�Y�Ä¯�d�Y�Ê°ÌÀ°e��~]�²ÀÌ¼ËY�a
��Y�«� Ã{Z¨f�Y� {�Â»�Ê¿�� Ä¿YÂm�ÉY�]� �~]� ½{�¯� Ã{Z»M

Ê»{�Ì³ .�½Z»�� �Y� ²ÀÌ¼ËY�a� [Â¸�»� cY�iY� Äq�³Y
Ä¿YÂm�Y��½M�d�Â¿���Á�Ä���»��{�ÃZÌ³�{�°¸¼��Ze�Ê¿�

Ê»� �Y�«� �ÌiZe�dve�Ä]� �Â]�»�cZ¨�� Êy�]� Z»Y� |Å{
Ä¿YÂm� Ä¸u�»�Ä]�d^�¿� É�eÓZ]�dÌÌ¼ÅY� Äm�{� �Y� Ê¿�

|Àf�Å� �Y{�Ây�]� cZ¨�� ÄÌ¬] .Ä¿YÂm� d����,Ê¿�
Ä¿YÂm�|��{�{�Â»� Ä ·Z�»�¾ËY� �{� Ä¯� �~]� ÄÌÀ]� Á�Ê¿�

�cZ¨�� ¾Ë�e� ºÆ»� ½YÂe� Ê»� Y�� |Àf§�³� �Y�«� Ê���]
Ä¿YÂm� Ä¸u�»{Â¼¿� {Y|¼¸«� Ê¿� .�{���Y� É�ZÌ�]

� �ÌiZe� Ä¯� d�Y� Ã|�� Ã{�ÁM� cZ��Y�³�²ÀÌ¼ËY�a��]
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Ä¿YÂm�,Ê¿�d�����ËY�§Y�h�Z]��ÁÄ¿YÂm�|��{�Á�Ê¿�
� Ê»� �~]� ½|�� �^�� {Â�)Murungu et al., 2003 .(
Ê°qÂ¯�Á�ÊÀÌ�u )Hossini and Koochaki, 2007 (

�[~m�ÉY�]�¹�Ó�½Z»��c|»��³Y�Ä¯�|¿{Â¼¿���Y�³
Y�Ã{Z¨f�Y�Z]�­Zy��{��~]�[M��ÅZ¯��~]�²ÀÌ¼ËY�a��
Ä¿YÂm� d���� ,{Â�� Ã{Y{�¶�Zu� ÃZÌ³� ÄÌÀ]� Á� Ê¿�

Ê»��ËY�§Y|]ZË .Ä¿YÂm�|��{�½Y�Ì»� Z]� ÃY�¼Å� �~]�Ê¿�
Ä¿YÂm� d���Ä¿YÂm� ÊfyYÂÀ°Ë� ½Y�Ì»� ,Ê¿���{� Á� Ê¿�

Ê»� º«�� Y�� Ä���»� ÊfyYÂÀ°Ë� ÄnÌf¿|À¿� .�c�Z^�� Ä]
��ËY�§Y� ,�Á~]� ²ÀÌ¼ËY�a� �Y� Ê¸�Y� ¥|Å� ,�´Ë{

�|��{�Á�d���Ä¿YÂmd�Y�Ê¿� .�,Ä�ËZ¬»�¾ËY��{� Y~·
Â¿Z¿� ÉZÅ�Z¼Ìe� Ä�Â¼n»� Ã{Z�� cY�iY� ¾Ì´¿ZÌ» Á�|ÌÅ 

��~]� ²ÀÌ¼ËY�aÁ�|ÌÅ� ÉZÅ�Z¼Ìe� Ä]� d^�¿� ²ÀÌ¼ËY�a
|¿�Y{�É�e�]���Za� ¹��ÂÀ»� º«�� |À«�|À¤q  .�ÄmÂe� Z]

�Á�cZ¨�� �]�²ÀÌ¼ËY�a� ½Z»��c|»� Á�d�¸£� �ÌiZe� Ä]
Ä¿YÂm�ÉZÅ��yZ�e�,Ã|��ºËY�a�ÉZÅ�~]��{�Ê¿��ÄË�n

�Ä·Â·Â¿Z¿�d�¸£�ÉZÅ�Z¼Ìe�¾Ì´¿ZÌ»�cZ�ËZ¬»�Á��¿ZË�YÁ
�Ä¯� ÊeZ¨�� ÉY�]� ²ÀÌ¼ËY�a� ½Z»�� c|»� Á� ÊÀ]�¯
�d�Y{�É�e�]�²ÀÌ¼ËY�aÁ�|ÌÅ��]�²ÀÌ¼ËY�aÁ�|ÌÅÂ¿Z¿

�|��¹Zn¿Y)�µÁ|m� .(  
  
µÁ|m �- ÄË�ne�lËZf¿ �¿ZË�YÁ cZ¨� µÂ� ,ÄyZ� d��� Ä¿YÂm,Ê¿� |��{ Ä¿YÂm,Ê¿� Á ÄÌÀ] �{ ÉZÅ�Z¼Ìe d�¸£ Ä·Â·Â¿Z¿ ÊÀ]�¯ Á c|» 

½Z»� ²ÀÌ¼ËY�a.  
Table 3- ANOVA for shoot length, germination speed, germination%, and vigor under treatments of 

MWCNT concentrations and priming time. 
 cY�ÌÌ¤e��^À» 

S.O.V 

É{Y�M�Äm�{ 
df 

cZ ]�»�¾Ì´¿ZÌ» 
Mean Square 

F cY�ÌÌ¤e�\Ë�� 
CV(%) 

ÄyZ��µÂ�  
Shoot Length 

�ZÅ�Z¼Ìe    Treatments 

������Ê�ËZ»�M�ÉZ�yError 

������������������������¶¯Total  

11 
60 
71 

40.704 
13.602 

2.993** 35.97 

Ê¿��Ä¿YÂm�d���  
Speed of 

Germination 

�ZÅ�Z¼Ìe    Treatments 

������Ê�ËZ»�M�ÉZ�yError 

������������������������¶¯Total  

11 
60 
71 

4.662 
.422 

11.041** 9.49 

Ê¿��Ä¿YÂm�|��{  
Percent of 

Germination 

�ZÅ�Z¼Ìe    Treatments 

������Ê�ËZ»�M�ÉZ�yError 

������������������������¶¯Total  

11 
60 
71 

111.091 
37.733 

2.944** 7.60 

ÄÌÀ] 
Vigor 

�ZÅ�Z¼Ìe    Treatments 

������Ê�ËZ»�M�ÉZ�yError 

�����¶¯                   Total 

11 
60 
71 

13634.073 
1360.718 

10.020** 27.14 

:ns��Ì£ ÊÀ »�Y{,* Á **:�ÊÀ »�\Ìe�e�Ä]|��{�®Ë�Á�|��{�lÀa�t����{��Y{.  
ns: Non-significant, *and**: Significant at % 5 and 1% probability levels, respectively. 

  
{� ½Z�¿��¿ZË�YÁ� ÄË�ne� lËZf¿�¾Ì]� ¥ÔfyY� Ä¯� {Y

�Á� Ã�YÂË{� |Àq� ÊÀ]�¯� Ä·Â·Â¿Z¿� ¦¸fz»� ÉZÅ� d�¸£
�ÊÀ »�Ô»Z¯� �Â¯~»�cZ¨���{�²ÀÌ¼ËY�a�½Z»��c|»

� �Y{)|��{� ®Ë� Z¨·M (�ÉZÅ� �Y{Â¼¿� º��� Z]� Á� {Â]
� ¾Ì´¿ZÌ»� cZ�ËZ¬»)� ¶°�� ÉZÅ�Y{Â¼¿� (��z�»
��Z¼Ìe�Ä¯�|Ë{�³����Z]�¹Y�Êa�Êa����Ã�Á{�µÂ��d�Z�

m�cZ¨��Ä¼Å�ÉY�]�²ÀÌ¼ËY�a�µÁ|���¾Ì´¿ZÌ»�¾Ë�eÓZ]
{Â]� Y�Y{� Y� .�|���|ÀËM�§�|���¯}�Ô^«�Ä¯��Â��½Z¼Å

�²ÀÌ¼ËY�aÁ�|ÌÅ� ÉZÅ�Z¼Ìe� �{� ÄyZ�� Á� Ä�Ë�� Ê·Â�
�Z]� Z»Y�{Â]��fÆ]�²ÀÌ¼ËY�aÁ�|ÌÅÂ¿Z¿�ÉZÅ�Z¼Ìe�Ä]�d^�¿
�®�y�½�Á�Á��e�½�Á�cZ¨��½|�¿��Y{�ÊÀ »�Ä]�ÄmÂe
��{� �f�Ì]� Ê·Â�� |��� º£�Ì¸�� ,ZÆÅÁ�³� ¾ËY� ¾Ì]

Å�Z¼Ìe��{� Ê¿Z�°Ë� �Z»ÂÌ]� ,²ÀÌ¼ËY�aÁ�|ÌÅ� ÉZ
�Ã|�� |Ì·Âe� ²ÀÌ¼ËY�aÁ�|ÌÅÂ¿Z¿� ÉZÆÅÁ�³� Z]� Ä�ËZ¬»

d�Y .�Ä¬Ì«{� lÀa� �Z¼Ìe� ¾Ì´¿ZÌ»� Ä°ÀËY� ºÆ»� Äf°¿
�Á�{Â]�¾Ì´¿ZÌ»�¶«Y|u�©Â§�cZ¨��Ä¼Å��{�²ÀÌ¼ËY�a
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d�Y{� �Y�«��Ô¯�¾Ë�e� ¾ÌËZa� �{ .�½YÂe� Ê»� ¾ËY�]ZÀ]
�dÌÌ¼ÅY��Y�½Z»��¶»Z��Ä¯�{Â¼¿�É�Ì³�ÄnÌf¿��{�Ê�Zy

��ËZ»�M� �ËY��� �{� Á� Ã{Â]� �Y{�Ây�]� ²ÀÌ¼ËY�a

��{� �iR»�cZ¨�� {Â^Æ]� Ä]� �nÀ»� ½Z»���ËY�§Y� ,��Zu
d�Y�Ã{Â]�²ÀÌ¼ËY�a�¥Y|ÅY�Ä]�Ê]ZÌf�{ .  

 
b  

 
a 

 
d  

c 
�¶°�� -��ÄyZ��µÂ��cZ¨��ÉY�]�²ÀÌ¼ËY�a�½Z»��c|»�Á�Ã�YÂË{�|Àq�ÊÀ]�¯�Ä·Â·Â¿Z¿�d�¸£�ÉZÅ�Z¼Ìe�¾Ì´¿ZÌ»�Ä�ËZ¬»)a(�d����,

Ä¿YÂm�Ê¿�)b(Ä¿YÂm�|��{�,�Ê¿�)c(�Ä¿YÂm�ÄÌÀ]�Á�,)d .(�Z]�²ÀÌ¼ËY�a��Z¼Ìe�¾Ì´¿ZÌ»�dÌ «Â»�Ã|ÀÅ{�½Z�¿�ZÅ��¸§���ÊaÊa�Ä]�ÊÀ]�¯�Ä·Â·Â¿Z¿�¹Y
�c|»���|À�Z]�Ê»�d�Z�.  

Figure 2- Mean comparison of shoot length (a), speed of germination (b), germination%, and vigor under 
MWCNT concentrations and priming time treatments.  Arrows indicate the position of the priming with 40 

ppm MWCNT for 18 hours. 
 

Z�ÂaÂ¯� ½ZeZ¿Z´¿Y�� Á� Ê»)Kuppusamy and 

Ranganathan, 2014 (�Á� Â·ZÅ� ,Â¼�Y� Ä�ËZ¬»� Z]� �Ì¿
Ä�Ë�� �|À¤q� �Á~]�²ÀÌ¼ËY�a� Á�|ÌÅ�|¿{Y{� ½Z�¿� ,ÉY

�Êfu�,|À«��|À¤q��~]��]�²ÀÌ¼ËY�a��z]��iY�lËZf¿�Ä¯
�¾Ì]� �{� Á� Ã{Â]� Ã|ÅZ�»�¶]Z«� ÃZ»����d�~³��Y�| ]

�²ÀÌ¼ËY�aÁ�|ÌÅ� ,½Z»�� ÉZÅ�Z¼Ìe���Z]� Äf�Z� ��/��
�Y�� lËZf¿� ¾Ë�fÆ]� |ÅZ�� Ä]� d^�¿� Ê¿�� Ä¿YÂm� �ËY�§Y

d�Y{. Êe�½Â»�M-�d¿{ÂÌf�Y�� ��ÉZÅ� ÃÁ�³���Á��Á�
�����Y��a��Á����� Z]�²ÀÌ¼ËY�a�d�Z�����¹Y�Êa�Êa

�ÉZÅ�ÃÁ�³�Ä¯�{Y{�½Z�¿�Ã�YÂË{�|Àq�ÊÀ]�¯�Ä·Â·Â¿Z¿��
�Á��Á�����µÂ��Á�Ä�Ë��µÂ��hÌu��Y�,É�Y|Æ´¿��Á�

ÊÀ »�¥ÔfyY� ºÅ� Z]� ÄyZ����ËZ��ÉY�]� Z»Y� |Àf�Y{� �Y{
|�¿� Ã|ÅZ�»� É�Y{� ÊÀ »� ¥ÔfyY� cZ¨� .�¾Ì´¿ZÌ»

                                                                                  

 1. t-student 
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� �Z¼Ìe����d¨�� Á{� �Å� ÉY�]�²ÀÌ¼ËY�a� �Y��a� �Á�
¾Ì´¿ZÌ»��Y��f�Ì]�ÄyZ��µÂ��Á�Ä�Ë��µÂ� ���ZÀf»�ÉZÅ

��Z¼Ìe��{��|¿{Â]�²ÀÌ¼ËY�a��Y��a��Á� .��Z�Y�]� Y~·
���Za�¹��Â¿Â»�º«���Á~]�²ÀÌ¼ËY�a�,ªÌ¬ve�¾ËY�lËZf¿

q�d�¸£�Z]�|À«�|À¤����|Àq�ÊÀ]�¯�Ä·Â·Â¿Z¿�¹Y�Êa�Êa
�c|»� Ä]� Ã�YÂË{���� Á�d�Z�����d�¯� �Y� ¶^«� �Á�
�yZ�� d�¿YÂe  Ä¿YÂm� ÉZÅ  Á�|ÌÅ� Ä]� d^�¿� Y�� Ê¿� 

|�z]�{Â^Æ]�²ÀÌ¼ËY�a.   
� ½Y�Z°¼Å� Á� ZËZ°�§Â¯Y|y)Khodakovskaya et 

al., 2009 (�Ã�YÂË{�|Àq�ÊÀ]�¯�Ä·Â·Â¿Z¿�cY�iY�Ä ·Z�»�Z]
¿YÂm��]Ä ��Â¿�¾]Y�d^j»�cY�iY� ,Ê´¿�§�ÄmÂ³��~]�Ê¿�

Ä¿YÂm��]� Y��Ä·Â·Â¿Z¿ |¿{Â¼¿���Y�³�Ê¿� .�ªÌ¬ve�lËZf¿
��Â�u��{��~]���Âe��f�Ì]�[M�[~m�{Y{�½Z�¿�ZÆ¿M
�|ÀËM�§� �ËY�§Y� \mÂ»� ,Ã�YÂË{� |Àq� ÊÀ]�¯� Ä·Â·Â¿Z¿

Ä¿YÂm {Â��Ê»�Ê¿� .�d^j»�cY�iY� ,É�´Ë{� ªÌ¬ve� �{
|Àq�ÊÀ]�¯�Ä·Â·Â¿Z¿�½ÂÌ�¿Zb�Â��Ä¿YÂm��]� Ã�YÂË{ �Ê¿�

�¶»Z��Ê�Y���cÁZ¨f»� Ä¿Â³����ÉY�]� Ä�Ë�� |��� Á
Raphanus sativus, Brassica napus, Lolium 

perenne, Lactuca sativa, Zea mays, and Cucumis 

sativus�� |�� ��Y�³)Nair et al., 2010 .(�Äq�³Y
Ä·Â·Â¿Z¿� Ê¼�� cY�iY� ÉZÅ���Y�³� {Y| e �ÊÀ]�¯� ÉZÅ

¯��Ì¿�Ã�YÂË{�|Àq�d�Ì¿�º)Lin et al���������7DQ�DQG�

)XJHWVX�� ������ 7DQ� et al., 2009 (�ÄmÂe�Êf�ËZ]� Z»Y
º�Ì¿Z°»��Y�É�ZÌ�]��ÂÀÅ�Ä¯�d�Y{ �¶]Z¬f»�cY�iY�ÉZÅ

�É�iY�Ä¿Â³�Å�Á�d�Ì¿�Ã|��ÄfyZÀ��cY�}Â¿Z¿�Á�½ZÅZÌ³
�Á� ÊËZn]Zm� Á� {Á�Á� Ã|ÀÅ{� ½Z�¿� cY�}Â¿Z¿� ¾ËY� �Y

Ê»� {Ây� Ä]Â¿� Ä]� Ä¯� d�ZÆ¿M� É�Y~³�iY �Ä]� |À¿YÂe
�ÃZÌ³� Ä �Âe� Á� |��� ºÌ�Àe� ÉY�]� Ã|�� µ�fÀ¯�c�Â�

|¿Â��Äf§�³�Z°] .�Ä���»��{��~]�Ê¿��Ä¿YÂm�Ê´¿Â´q
��Y{�Ây�]� Ä���»� d�Â¿��� �{� Ê�Zy� dÌÌ¼ÅY� �Y

d�Y .�Ä]� Ä¯�Ê¿�� Ä¿YÂm�|��{� Á�Ê¿�� Ä¿YÂm�d���
��Ì£�c�Â��Ä]�Á�Ä���»�ÊfyYÂÀ°Ë��]�ºÌ¬f�»�c�Â�

��»� �{� ÃZÌ³�®Ë� �Á�]� �]� ºÌ¬f�»�½Y�Á{� µÂ�� �{� Ä�
�¶»YÂ�� Ä¸¼m� �Y� |Àf�Å� �Y~³�iY� d�Y{�]� Á� d�Y{

Ä¿YÂm� Ê´¿Â´q� Ã|ÀÀ¯� ¾ÌÌ e �Ä���»� �{� �~]� Ê¿�
|Àf�Å .�¾ËY� LZ¬e�Y� \mÂ»� |¿YÂf]� Ä¯� Ê»Y|«Y� �Å� Y~·

�Ê�Y��� Ä]� ¹Y|«Y�®Ë� ½YÂÀ�� Ä]� |¿YÂe� Ê»� {Â��¶»YÂ�
{�Ì³��Y�«�ÄmÂe�{�Â» .Ä���»��ËZ»�M�,�Z�Y�¾ËY�]-

|»M�d�|]�lËZf¿�ÉY�{Â��¹Zn¿Y�Êf�ËZ]�ªÌ¬ve�¾ËY��Y�Ã
�½YÂÀ��Ä]�½YÂf]�,ÊÅZ´�ËZ»�M�lËZf¿�|ÌËZe�c�Â���{�Ze

{Â¼¿�ÄÌ�Âe�Y�¿M�Ê�Y���Ä]�¹Y|«Y�®Ë .  
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