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Ã|Ì°q  
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��Y�°e�Ä��Z]�Ê§{Z�e�0Ô»Z¯�s���\·Z«|��¹Zn¿Y .�Ìad�¸£��Z¼Ìe��¨��¶»Z��¾ÌÀÌ¯ÂfÌ��¦¸fz»�ÉZÅ)�Ìa�Ä¿YÂm�[M�Z]�Ã|���Y{(�,���,����
�Á�����½ÂÌ¸Ì»��{�d¼�«(ppm)��,�¨���Ê°�y�sÂ����{�/�-�,�/� -��Á�/� -�d§�³��Y�«�Ê]ZË��Y�{�Â»�µZ°�ZaZ´» .�yZ��|��{�ÉZÅ

Ä¿YÂmÄ¿YÂm�d���� ,Ê¿�Ä¿YÂm�½Z»����Âf»� ,Ê¿��µÂ�� ,�~]� ÄÌÀ]� ,Ê¿�cY�|ÌÅ� ,ÄrÅZÌ³¾]�¯�ÉZÅ�¾ÌXeÁ�a� ,µÂ¸v»�dËY|Å� ,µÂ¸v»�ÉZÅ
É{�½Â·Z»�,LZ�£�ÊfÌ·Á�f°·Y|��Ê���]��Y|Ì�¯Y�a�cZ]�Â°�M�Á��ZeÂ¼�Ë{�|Ì�¯Y�aÂ��,�ÓZeZ¯�ÉZÅ�ºË�¿M�dÌ·Z §�,|ÌÅ|·M .�{Y{�½Z�¿�lËZf¿

�Ìad�¸£�Z]� ZÅ�~]��Z¼ÌeÊÀ »��ÅZ¯�,¾ÌÀÌ¯ÂfÌ��¦¸fz»�ÉZÅ¿YÂm�ÉZÅ�f»Y�Za��Y{ÄÄrÅZÌ³�Á�Ê¿��Y��ÊÀÌ»��¹Y{Z]�Äf§ZË�µYÁ��ÉZÅ�~]�ÉY
|Ì�z]�{Â^Æ]�Ê°�y��Àe�dve .Ä]É�Â��¶Ì�¿Zfa��{�Ä¯�/� -��Ìa�,µZ°�ZaZ´»�Z]�ZÅ�~]��Z¼Ìe�����½ÂÌ¸Ì»��{�d¼�«(ppm)��¾ÌÀÌ¯ÂfÌ�

Ä¿YÂm��ËY�§Y�\^�,Ê¿� cY�|ÌÅ�,�~]�ÄÌÀ]��yZ�¾]�¯�ÉZÅ�¾ÌXeÁ�a�ÁÄ]�µÂ¸v»�ÉZÅÄ]�\Ìe�e»�½Y�Ì��/��,��/��,��/��,��/��Á ��ÉY�]
��� ½ÂÌ¸Ì»� �{�d¼�« (ppm)��¾ÌÀÌ¯ÂfÌ���/�� ,��/��� ,�/��� Á��/��ºË�¿M�dÌ·Z §�ÉY�]� Á� �]Y�]�Á� �ZeÂ¼�Ë{�|Ì�¯Y�aÂ�� ,�ÓZeZ¯�ÉZÅ

Ä]��Y|Ì�¯Y�a�cZ]�Â°�M�{Á|u�\Ìe�e��/���,��/��,��/����Á��/���,��/���,��/���|Ë{�³�|ÅZ��Ä]�d^�¿��|��{. ]�Ìa�¾ËY�]ZÀ��Z¼Ìe
Ä]�¾ÌÀÌ¯ÂfÌ�d�¸£��{�Ã�ËÁ��� �½ÂÌ¸Ì»��{�d¼�«(ppm)��yZ��{Â^Æ]��{�Ê°�y��Y�Ê�Z¿�ÂÌeY|Ì�¯Y��Àe��ÅZ¯�Z]Ä¿YÂm�ÉZÅ�Á�Ê¿�

ÄrÅZÌ³d�Y��iR»�ÊÀÌ»��¹Y{Z]�Äf§ZË�µYÁ��ÉZÅ�~]�ÉY.  
  

cZ¼¸¯�É|Ì¸¯:�Ä¿YÂm�,ÂÌeY|Ì�¯Y��Àe¾ÌÀÌ¯ÂfÌ���,�~]�µYÁ��,Ê¿�.  
  

Ä»|¬» 

�Z]¹Y{ �ÊÀÌ»�(Arachis hypogaea L.) �d�Y�ÊÅZÌ³
Ä·Z/�°/Ë, Ä]�ª¸ f» �½Y�Y|»ZÌ¿�Ã�Ìe�Ä¯�0Ze|¼��ª�Z/À»��{

Ä/¼Ì¿�Á��Ì/�»�³ �d�¯��Ì/�»�³|�Ã���Y�Á�Zv·��¾£Á�
�dÌ¨Ì¯�¾ÌXeÁ�a� Á� Ä]� Á� {�Y{�ÊËÓZ]�{�Â»� {ZË�� �Y|¬»

½Z/�¿Y�¥��»�Ê»��Y�«{�Ì³ (Hou et al., 2014) .]��~
�Y{� ÃZÌ³� ¾ËY� ÉY���� Ze���� ¾£Á�� |��{� Ä¯� Ã{Â]��Y

YÉZÅ|Ì� [�q ®Ìf¼·Za� |Ì�Y� |À¿Z»� �Z^�Y,��|Ì�Y

� ÉZÅ|Ì�Y� Á� ®Ë�ZXf�Yq� [��Ì£� |À¿Z»� �Z^�Y�|Ì�Y
®ÌX·ÁY�� ÁÂÀÌ·� |Ì�Y·d�Y� Ã|�� ¶Ì°�e� ®ÌX 

(Nautiyal, 2009) .�[�q�ÉZÅ|Ì�Y��Ë���½ÂÌ�Y|Ì�¯Y
Ä]��Z^�Y�Ì£�Ã�ËÁÂÀÌ·�|Ì�Y·®ÌX�Ä]�Y��ZÅ�~]�É�Z³|¿Z»-

�Á� �~]� �Ë��� µYÁ�� Ä]� �nÀ»� Á� Ã{Y{� �ÅZ¯� c|�
�Á� ½{�¯� ®�y� Ã�Á{� µÂ�� �{� �~]� ÄÌÀ]� �ÅZ¯

Ê»� É�Y{�Z^¿Y� {{�³�1DXWL\DO�� ������ +RX� et al., 

2014) .��ÅZ¯� ,½M�d�¯�cÔ°�»��Y�Ê°Ë�¾ËY�]ZÀ]
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Ä¿YÂm� |��{�¹Y{Z]� ÉZÅ�~]� ÄrÅZÌ³� ½|��ÅZ�� Á�Ê¿�
Ä]� Ä���»� �{� ÊÀÌ»��Ê»� µÂ�Y� ¾ËY�dËZ��� ¹|�� ¶Ì·{

|�Z] .Ä]�Ze� Á{� ½Y��ÁZ�¯�ª�ZÀ»�Êy�]� �{� Ä¯�É�Â�
��ËY�§Y�Ä]��nÀ»�Ä¯�Ã{Â¼¿��~]�d�¯�Ä]�¹Y|«Y��Z]�Ä�

Ê»�µÂ�v»�|Ì·Âe�ÄÀË�Å�{Â�(Nourhosseini niaki et 

al., 2013).��¹Y{Z]�d�¯��Y�½�«�®Ë�{Á|u�d�~³�Z]
�{Â^Æ]� dÆm� É�iR»� ¹Y|«Y� ½ÂÀ¯� Ze� ½Y�ËY� �{� ÊÀÌ»�
�ÄÌ»Z¿�ÃÂ«��¨u�Á�É�Y|Æ´¿�,½{�¯�®�y�ÉZÅ|ÀËM�§

d�Y�Äf§�´¿�c�Â��½M��~] .��´Ë{�ÉÂ���Y�Ê°�y�Ä]
�½ZÅZÌ³�|Ì·Âe�Ã|ÀÀ¯{Á|v»�ºÆ»�¶»YÂ���Y�Ê°Ë�½YÂÀ�

Z�»� �Z�§� Ê�Y��Ä¿YÂm� �Â�y�{� Y�� Ê¨��,Ê¿�
Ê»� {ZnËY� Äf§ZË� µYÁ�� ÉZÅ�~]� ÄÌÀ]� Á� ½|��^��|À¯

(Jisha et al., 2013).�Ä]�µYÁ�� ÉZÅ�~]� �{� Ä¯�É�Â�
Ä¿YÂm�,Äf§ZË��¶°�»� Z]�ÄrÅZÌ³�|���Á�½|��ÅZ�� ,Ê¿�

Ê»�ÄmYÂ»�É|m�{Â�(Kapoor et al., 2010) .�{Â^Æ]��{
ºÌ�Àe�{YÂ»�dÌ �Á�¾ËY�Ê»�ÊÅZÌ³�|���Ã|ÀÀ¯Âe�Z]�|À¿Y

Ä¿YÂm� ÉZÅ|ÀËM�§� �]� �ÌiPe��ÃZÌ³� ÉÂ¼¿� Á� |��� Á� Ê¿�
� |¿Â�� �«YÁ� �iR»(Miransari and Smith, 2014).���Y

Ã|ÀÀ¯� ºÌ�Àe� ¾ËY� Ä¸¼m�Ê»� |��� ÉZÅ�Ä]� ½YÂe
¾ÌÀÌ¯ÂfÌ���Y� Ê Ì�Á�¦Ì�� µ�fÀ¯� Ä¯{Â¼¿� � Ã�Z�Y� ZÅ

Ä¿YÂm� ,¾ÌÀmÂ¼¿� �Ì�¿�ÊÅZÌ³�ÉZÅ|ÀËM�§��dÌ·Z §� ,Ê¿�
µÂ¸�Ë�� Ê¼f�Ë�»� ÉZÅ¹Y|¿Y� Á� Ä��Y�� ÊËYÂÅ� ÉZÅ

|¿�Y{� Ã|Æ��](Heyl et al.�� ������ 0LUDQVDUL� DQG�

Smith, 2014).�¾ÌÀÌ¯ÂfÌ�Ä¿YÂm�¶uY�»�¹Z¼e��{�ZÅ�Ê¿�
�Ä¯�ZÅ�~]�Ä]�Ã{�YÁ�cY�Z�y�|¿�{Z«�Á�Ã{Â]�µZ §�ZÅ�~]

�Àe�ÄnÌf¿��{�{ZnËY�É�Â��Á�Ê°�y�,ÂÌeY|Ì�¯Y�ÉZÅ
Ê»|À¿Z��]�¶«Y|u�Ä]� Y��{Â�(Peleg and Blumwald, 

������0LUDQVDUL� DQG� 6PLWK�� �����.���ÌyY�cZ ·Z�»
� l¿�]� Äf§ZË� µYÁ�� ÉZÅ�~]� �Z¼Ìe� Ã{Y{� ½Z�¿(Oryza 

sativa)�½Â»�ÂÅ�Z]�{Â^Æ]��{�¾ÌÀÌ¯ÂfÌ���Ì�¿�|���ÉZÅ
Ä¿YÂm�ÉZÅ�f»Y�Za�d�Y��iR»��Ê¿�(Jisha et al., 2013).�

� ½Y�Z°¼Å� Á� ½Zy(Khan et al., 2011)����Y�³� �Ì¿
a�,|¿{�¯�Ì�¹|À³�ÉZÅ�~]�Ê¿Â»�ÂÅ��Z¼Ìe(Triticum 

aestivum)��Á�Ä«Z��µÂ��,Ä�Ë��µÂ��,½|��^��|��{
�yZ��ÄrÅZÌ³� �ÂÆ��d�Y� Ã{Y{� �ËY�§Y� Y�� ZÅ .

�½Á�ËZaÁ�³M�Äf§ZË�µYÁ��ÉZÅ�~]�¾ÌÀr¼Å(Agropyron 

elongatum) �Ìa� ¾ÌÀÌ¯ÂfÌ�� Z]� Ä¯�Ä¿YÂm��Ã|�� �Y{
�Ìa��ÉZÅ�~]�Z]�Ä�ËZ¬»��{�|¿{Â]�Ä¿YÂm��Y{��Á�ÄÌÀ]�,Ã|�¿

¹|��Á��Àe��ËY����{�É�eÓZ]�ÊËM�Z¯�Ê°�y��Àe
� |Àf�Y{(Eisvand et al., 2010).��½Y�Z°¼Å� Á�²¿Y�

(Zhang et al., 2014) �Á�|��{��Ì�¿�ÊeZ¨��{Â^Æ]��Ì¿
Ä¿YÂm��yZ��ÄmÂ³� Äf§ZË� µYÁ�� ÉZÅ�~]� �{� Y�� Ê¿�

�Ìa� ÄnÌf¿� �{�Ê´¿�§�Ä¿YÂm�|¿{�¯���Y�³�½{�¯�Y{ .
Y�Z°¼Å�Á�c{ZÌ��½(Siadat et al., 2015) ��Ìa��Z¼Ìe

Ä¿YÂm� |��{� �]� Y�� ¾ÌÀÌ¯ÂfÌ��½Z»�� ��Âf»� ,Ê¿�
Ä¿YÂm�yZ�� Á� Ä«Z�� µÂ�� ,Ä�Ë�� µÂ�� ,Ê¿���ÄÌÀ]

ÃZÌ³� Äf§ZË� µYÁ�� ÉZÅ�~]�ºË�»� �Zy (Silybum 

marianum)�|Àf�¿Y{��iR» .�¾ËY� �Y�¥|Å�Zf�Y��¾ËY��{
Ä¿YÂm� dËÂ¬e� ÉY�]� É�Z°ÅY�� ¾f§ZË� ,�ËZ»�M��Á� Ê¿�

]�LÂ���iY��ÅZ¯�Á�ÊÀÌ»��¹Y{Z]�Äf§ZË�µYÁ��ÉZÅ�~]�ÄÌÀ
�Ìa��Y�Ã{Z¨f�Y�Z]�Ê°�y��Àe��Y�Ê�Z¿�½Â»�ÂÅ��Z¼Ìe

d�Y�Ã{Â]�¾ÌÀÌ¯ÂfÌ�.  
  

ZÅ��Á��Á�{YÂ»  
�Ã|°�¿Y{��~]�É�Â·ÂË�Ì§�ÃZ´�ËZ»�M��{�ªÌ¬ve�¾ËY
�º«�� �Y� Ã{Z¨f�Y� Z]� ZÀÌ�� Ê¸�Â]� ÃZ´�¿Y{� É��ÁZ�¯

Ê·Z¼��ÉZÀÌ·Á�Z¯� (North Carolina 2)��ÊÀÌ»�� ¹Y{Z]
|��¹Zn¿Y .cZ¬Ì¬ve��z]��Y�Ã|��ÊÅYÂ³��~] �sÔ�Y

�{�½ÔÌ³�É��ÁZ�¯�cZ¬Ì¬ve��¯�»�µZÆ¿�Á��~] µZ� 
���� ÄÌÆe |� .�¶^«��ËZ»�M�{�Â»�ÉZÅ�~]� ÄÌ»Z¿� ÃÂ«

�Ë��e�É�Ìa� µZ¼�Y� �Y�Ä¿YÂm� ½Â»�M��Z�Y�]� Ã|��Ê¿�
� ~£Z¯� ¾Ì]��Á�� Ä]� ,{�Y|¿Zf�Y(Between paper)�Ä]-
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� c|»���{� �Á��� ÉZ»{��Êf¿Z�� Äm�{�{�Â»� {Y�³
�d§�³��Y�«�Ê]ZË��Y(ISTA, 2007)��Ä¯�|���z�»�Á

ÃÂ«��ZÅ�~]�ÄÌ»Z¿���{Â]�|��{ .��Ë��e�É�Ìa�¹Zn¿Y�ÉY�]
� ,Ã|����É�Âe�ÉÁ�� �~]� {|��¥Á��� �{�É�¸§�ÉZÅ

�ÉZ»{��{�Á��Â�z»���Êf¿Z��Äm�{�d]Â���Z]�{Y�³
� {Á|u�Ê^�¿���Ä]� |��{�c|»���Ä´¿�d�Z��É�Y{

¿|�| .(Delouche and Baskin, 1973)��ÉZÅ�~]��b�
d�¸£�Z]�Ê·Â¸v»��{�Ã|��Ìa��¨��ÉZÅ)�Ìa�Ä¿YÂm���Y{

[M� Z]� Ã|�(� ,��� ,����� Á�����½ÂÌ¸Ì»� �{� d¼�«
(ppm)�Ä]�¾ÌÀÌ¯ÂfÌ��½Â»�ÂÅ��Y�c|»�����Y�«�d�Z�
|Àf§�³ .Ä]���¬»�[MZ]�Â�f����Y��a�ZÅ�~]�½M�µZ^¿{

Ä]�c|»���®�y�©ZeY�ÉZ»{��{�d�Z��|¿|� .��b�
�Ê¼Ì¿�Á�Ê°Ë�f°·Y�dËY|Å�½Â»�M�dÆm�ZÅ�~]��Y�Ê¼Ì¿

Ä¿YÂm�½Â»�M�ÉY�]��´Ë{|¿|��Ã{Z¨f�Y�{�Y|¿Zf�Y�Ê¿� .
Ã�Y|¿Y�Ã{Z¨f�Y�Z]�ZÅ�~]�µÂ¸v»�Ê°Ë�f°·Y�dËY|Å�É�Ì³

�Ê°Ë�f°·Y�lÀ��dËY|Å� ÃZ´f�{� �Y(CyberScan PC 

510)�|��¹Zn¿Y .� �Y� �Â�À»�¾ËY�ÉY�]�����ZÆq��{��~]
�]��Y�°e|Ë{�³�Ã{Z¨f�Y��Z¼Ìe��Å�ÉY .�®�y�½�Á�Y|f]Y

®Ë� d«{� Z]� ÉÁ�Y�e� ��Âe� ZÅ�~]�¹�³� ¹|�
(Sartorius BA310S)�Ã�Y|¿Y|�� É�Ì³ .�ZÅ�~]� �b�

¾·�Y� Ä]ÉÁZu� ÉZÅ����Ê¸Ì»�Á� ¶¬fÀ»� ��¬»� [M� �fÌ·
�ÉZ»{�Z]��ÂeZÀÌ»����{�Á�Ã|¿Z�Âa�Ã�Ìe�®Ìf�Ôa���Âe

���Êf¿Z�� Äm�{|¿|�� Ã{Y{� �Y�«� {Y�³  .� �a� �Y���
��ÂeZÀÌ»��� �Y� �~]� Ã{Âe� Á�[M� ÉÁZu�¥Á���d�Z�

Ä]�Ê»Y�M�Ä]�µÂ¸v»�Á�k�Zy�c|»���Ze����Ã{�¼Å�ÄÌ¿Zi
Ã�Y|¿Y�½Z»��µÂ¸v»�ÉZ»{�,|��Ê°Ë�f°·Y�dËY|Å�É�Ì³

���Êf¿Z��Äm�{{Â]�{Y�³ .���¬»�[M�Ê°Ë�f°·Y�dËY|Å
)|ÅZ� (�ÉZ»{��{��Ì¿���Êf¿Z��Äm�{��Y�Á�¾ÌÌ e�{Y�³

f°·Y�dËY|Å��Y|¬»|����¯��Z¼Ìe��Å��Y�¶�Zu�Ê°Ë� 

(Hampton and TeKrony, 1995) .�dËY|Å� ½Y�Ì»

�Z]�Ä¿Â¼¿��Å�ÉY�]��Â]�»��~]�½�Á�\�u�]�Ê°Ë�f°·Y
�Ä�]Y���Y�Ã{Z¨f�Y)� (|Ë{�³�¾ÌÌ e:  

  

)Ä�]Y� �(:  
½�Á�~] (g)  /dËY|ÅÊ°Ë�f°·Y [M��¬»(µS.cm

-1)  - 
dËY|ÅÊ°Ë�f°·Y µÂ¸v» �~] (µS.cm

-1)  =dËY|Å-

°·YÊ°Ë�f (µS.cm
-1g-1)       

  

Ä]�¾¸ÌeY� Ê¸a� µÂ¸v»� �Y� Ê°�y��Àe� µZ¼�>Y� �Â�À»
� µÂ°ËÔ³����� �d�¸£� �{� �¨�� ÉZÅ)��¬»� [M(�,

�/� -� ,�/� -�� Á�/� -�� µZ°�ZaZ´»(MPa)��|�� Ã{Z¨f�Y
(Michel and Kaufmann, 1973) .Ä�Ë��kÁ�y�Ä]� Äq

Ê¸Ì»� Á{� Ã�Y|¿YÄ]� �f»Ä¿YÂm� �ZÌ »� ½YÂÀ���{� ZÅ�~]�Ê¿�
��¿�|��Äf§�³.(ISTA, 2007)��µÂ���ËZ»�M�½ZËZa��{

Ã�Y|¿Y�ÄrÅZÌ³Ä¿Â¼¿�Á�|��É�Ì³�¾ÌÌ e��Â�À»�Ä]�É�Ì³
d§�³� c�Â�� ��¿� {�Â»� Ê°Ë�Â·ÂË�Ì§� ÉZÅ�f»Y�Za .

Ä¿YÂm� |��{� Ä�]Y�� �Y� ÊËZÆ¿� Ê¿�)� (|�� Ä^�Zv» 

(Yan, 2015):  
                                                                                          
)Ä�]Y��(                :               
  

Ni :�~]� ¶¯� {Y| eÄ¿YÂm� ÉZÅ��yM� �Á�� �{� Ã{�
��������Z¼�       N :�~]�¶¯�{Y| eZÅ   

Ä¿YÂm� ½Z»����Âf»Ê¿�)MGT (� Ä�]Y�� �Y)� (�Ä^�Zv»
|� (Ellis and Roberts, 1981):  

                                                                                                                                    
)Ä�]Y� �(                                    :    

  

�,©Â§�Ä�]Y���{n�Ä¿YÂm�ÉZÅ�~]�{Y| e��Á���{�Ã{�D�¹4Y
� ÁD�Z£M� �Y���Z¼�� ÉZÅ�Á�� {Y| eÄ¿YÂm� ��Ê»� Ê¿�

|�Z] .Ä¿YÂm�d���� Ä�]Y�� Ã{Z¨f�Y� Z]�Ê¿�)� (�Ä^�Zv»
|� : 
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                                    )Ä�]Y� �(:  
  

ÄÌÀ]� �yZ�� ÄrÅZÌ³� Ê·Â�)VI (� Ä�]Y�� �Y� �Ì¿)� (
|��Ä^�Zv»-Ghahfarokhi and Tavakkol-Rahnama(

)Afshari, 2007 :  
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FGP :Ä¿YÂm�|��{������������ÊËZÆ¿�Ê¿�SL :ÄrÅZÌ³�µÂ�   

  

�Ã�Y|¿Y� É�Ì³cY�|ÌÅ�¾]�¯�ÉZÅ�Ä]� µÂ¸v»��Á�
� ½Á�f¿M(Irigoyen et al., 1992) |�� ¹Zn¿Y .¾ÌXeÁ�a-

� {�Â§{Y�]� �Á�� Ä]� µÂ¸v»� ÉZÅ(Bradford, 1976)�
Ã�Y|¿Y� Á� ¾ÌÌ eÉ{� ½Â·Z»� ÉYÂfv»� É�Ì³�|ÌÅ|·M

)Ê]�q� ½ÂÌ�Y|Ì�¯Y�a��yZ� (Ä]µYÁZ¯��Á��Êf¿Z¯
(Cavalcanti et al., 2004)�d§�³� c�Â� .�dÌ·Z §

ºË�¿M���ÓZeZ¯)�Ê�Â»Zy�\Ë���Z]�/�����]�µÂ»�Ê¸Ì»
Êf¿Z��f» (�½Y�Ì»��Z�Y��]�Á�É�f»Âf§Á�f°b�Y��Á��Ä]

�kÂ»�µÂ���{�½�Á�|ÌÅ|Ì�¯Y�a�¥��»������f»Â¿Z¿
Ã�Y|¿YÄ]� Á� |�� É�Ì³�� ºË�¿M� |uYÁ� c�Â)�®Ë

Ä¬Ì«{��{�Ã|��ÄË�ne�½�Á�|ÌÅ|Ì�¯Y�a�µÂ»Á�°Ì» (��]
Ê¸Ì»�|Ë{�³�½ZÌ]�¾ÌXeÁ�a�¹�³(Cakmak and Horst, 

1991) .ºË�¿M� dÌ·Z §��Ä]� �Ì¿� �ZeÂ¼�Ë{|Ì�¯Y�aÂ�
�ºË�¿M�ÊËZ¿YÂe�½Y�Ì»��Z�Y��]�Á�É�f»Âf§Á�f°b�Y��Á�
µÂ��{�¹ÂÌ·Á�Y�feÂ¸]Á�fÌ¿�É�Â¿�ÉZÌuY��Y�d ¿Z¼»��{�

�kÂ»����Ä]� �f»Â¿Z¿� ºË�¿M� |uYÁ�c�Â�)�|uYÁ�®Ë
�É�Â¿� ÉZÌuY� �Y� d ¿Z¼»� �{� �ZeÂ¼�Ë{|Ì�¯Y�aÂ�

Ä¬Ì«{� �{� ¹ÂÌ·Á�Y�feÂ¸]Á�fÌ¿ (Ê¸Ì»� �]�¾ÌXeÁ�a� ¹�³
|����Y�³ .(Giannopolitis and Ries, 1977)��dÌ·Z §

ºË�¿M���Y|Ì�¯Y�a�cZ]�Â°�M)�Ê�Â»Zy�\Ë���Z]�/��
Êf¿�Z���]�µÂ»�Ê¸Ì»�f» (Ä]���]�Á�É�f»Âf§Á�f°b�Y��Á�

�kÂ»� µÂ��{� cZ]�Â°�M� ½ÂÌ�Y|Ì�¯Y� ½Y�Ì»� �Z�Y
����Ã�Y|¿Y� �f»Â¿Z¿Ä]� Á� É�Ì³�ºË�¿M� |uYÁ� c�Â�

)Ä¬Ì«{��{�Ã|��|Ì�¯Y�cZ]�Â°�M�µÂ»Á�°Ì»�®Ë (��]
Ê¸Ì»� |Ë{�³� ��Y�³� ¾ÌXeÁ�a� ¹�³(Nakano and 

Asada, 1981) .�\·Z«��{�¶Ë�Âf¯Z§�c�Â��Ä]��ËZ»�M
0Ô»Z¯� ÄËZa� s��­�M� ¶Ë|^e� �Y� Á� ¹Zn¿Y� Ê§{Z�e�-

��ÂÀÌ�)arcsin (Ã{Y{�½{�¯�µZ»�¿�dÆm�|��{�ÉZÅ
Ä¿YÂm|��Ã{Z¨f�Y�Ê¿� .Ã{Y{��¿ZË�YÁ�ÄË�ne�¾ÌÌ e�Á�ZÅ

�Y�§Y� ¹�¿� �Y� Ã{Z¨f�Y� Z]� Ê´f�^¼Å�\ËY��9.1  SAS,�
¾Ì´¿ZÌ»� Ä�ËZ¬»� Á� d§�³� c�Â��½Â»�M� ��Âe� ZÅ

LSD�lÀa� µZ¼fuY� t���{ Á ®Ë |�� ¹Zn¿Y� |��{ .
�Z]�®Ë�Â·ÂË�Ì§�Á�®Ë�Â·Â§�Â»�cZ¨��¾Ì]�Ê´f�^¼Å

�Y�§Y�¹�¿���Âe�½Â��Ìa��Á�9.1  SAS,�|��Ä^�Zv».  
  

hv]�Á�lËZf¿  
Ä¿YÂm�|��{Ê¿�  

�Ìa� Á� Ê°�y� �Àe� Ê¸�Y� �iYÄ]� �Z¼Ìe�ÃY�¼Å
½M� ¶]Z¬f»�iYÄ¿YÂm� |��{� �]� ZÅ�®Ë� t��� �{� Ê¿�
ÊÀ »� |��{� |�� �Y{)� µÁ|m� .(�|��{� ¾Ë�f�Ì]

Ä¿YÂm��� �{� Ê¿���Z¼Ìe� �Ìa� Z]� Á� �Àe� ½Á|]� �ËY
�¾ÌÀÌ¯ÂfÌ�)��/���|��{ (�d�¸£��{���  ��{�d¼�«

½ÂÌ¸Ì» )ppm(��Ìa� Á�Ä¿YÂm��Y{ Z] [M �|Ë{�³�¶�Zu
)�µÁ|m� .(Ä¿YÂm�|��{�¾Ë�f¼¯��Àe��ËY����{�Ê¿�

¹|�� Á� Ê°�y �Ìa�Ä¿YÂm�� É�Y{)��/���|��{ (
|�� Ã|ÅZ�» .ÊÀ »� �ÅZ¯� h�Z]� Ê°�y� �Àe��Y{
Ä¿YÂm� |��{� Ê¿��Ìa� � ÉZÅ�~]� �{�Ä¿YÂm��Á� Ã|��Y{

�Ìa�Ä¿YÂm���Àe�c|���ËY�§Y� Z]� Á� |Ë{�³� Ã|�¿� �Y{
Ä¿YÂm�|��{�d§4Y� |¿Á�� Z»Y�d§ZË�É�f�Ì]��ÅZ¯�Ê¿�
Ä¿YÂm� |��{�Ìa� ÉZÅ�~]� Ê¿��Ä¿YÂm��d^�¿� Ã|�� �Y{

�Ìa�ÉZÅ�~]� Ä]�Ä¿YÂm��Y{ Ã|�¿ � {Â]��f¼¯)�µÁ|m� .(
�Ìa�ÉZÅ�Z¼Ìe�¾Ì]� �{�Ä¿YÂm�]�¾ÌÀÌ¯ÂfÌ�� ,�Y{�d�¸£� Z

��� ½ÂÌ¸Ì»��{�d¼�« )ppm(��{Ây��Y� Y���iY�¾Ë�f�Ì]
Ä¿YÂm� |��{� Á� {Y{� ½Z�¿� ¶Ì�¿Zfa� �{� Y�� Ê¿��/�-�

�µZ°�ZaZ´»����¶Ì�¿Zfa� ,|��{�/� -��µZ°�ZaZ´»���
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� ¶Ì�¿Zfa� �{� Á� |��{�/� -�Ä]� µZ°�ZaZ´»� ½Y�Ì»�/���
�Ìa�½Á|]�ÉZÅ�~]� Ä]�d^�¿�|��{�Ä¿YÂm�� �Y{)|ÅZ� (

�{Y{��ËY�§Y)�µÁ|m�( .�®Ì·Z»�Á�ÊeÂÌm(Jyoti and 

Malik, 2013)���{�µYÁ��ºWÔ���Y�Ê°Ë�,|¿{�¯���Y�³
Ä¿YÂm� |��{� �ÅZ¯� Ã|��Ìa� ÉZÅ�~]Ä]� d�Y� Ê¿� -

Ê»Z´ÀÅ��Â�y�Àe��� »��{�ZÅ�~]�Ä¯�|À¿Z»�ÊËZÅ
|¿�Ì³��Y�«�É�Â��Á�Ê°�y.  

��|ÀËM�§� �{� Ê¼Æ»� �¬¿� ¾ÌÀÌ¯ÂfÌ�� Ä¯� Zn¿M� �Y
Ä]� {�Y{� Ã|Æ��]� µÂ¸�� ºÌ�¬eÊ»� ��¿��ËY�§Y� |��

Ä¿YÂm�|��{d�¸£��{�Ã|��Ìa�ÉZÅ�~]�Ê¿���¾ËY�ÉÓZ]
Ä]� ½Â»�ÂÅ½�� dÌ·Z §� �ËY�§Y� d¸��Ã|ÀÀ¯� ½ZÌ]� ÉZÅ

|�Z]� µÂ¸�� ºÌ�¬e .µÂ¸��ÊÀË�´ËZm� Y�Ë��\Ì�M�ÉZÅ
µÂ¸�� ��Âe� Ã|Ë{Ê»� |Ë|m� ÉZÅ�ºÌ»�e� \^�� |¿YÂe

\Ì�M��Y� Ã|»M� {ÂmÂ]� ÂÌeY|Ì�¯Y��Àe� �Y� Ê�Z¿� ÉZÅ
{{�³�Ê°�y�Á�µYÁ�.��ZÌ¿�ZË�Á��ZË�Á�Æ]�,Zf�Y��¾ËY��{

(Behrouzyar and Yarnia, 2014) ���|��{��ËY�§Y��Ì¿
Ä¿YÂm�ÄnÌf¿� �{� Y�� Y�¸¯� Äf§ZË� µYÁ�� ÉZÅ�~]� Ê¿�
�Ìa�Ä¿YÂm����Y�³�Ê]M�º¯��Àe�dve��~]�½{�¯�Y{

|¿{�¯ .� ½Y�Z°¼Å� Á�c{ZÌ��¾ÌÀr¼Å(Siadat et al., 

2015) ��Ìa� Ä¯� |Àf�Y{� �ZÆ�YÌÀÌ¯ÂfÌ�� �Z¼Ìe��{Z«� ¾
Ä¿YÂm� ½Y�Ì»� �]� É�Ìa� �Y� Ê�Z¿� cZ»|�� d�Y�Ê¿�

ºË�»�Zy� ÃZÌ³� ÉZÅ�~]��cZÌ�Â�y� �Y� Êy�]� Á
ÄrÅZÌ³�Ìa� �Y�¶�Zu�ÉZÅ�Ä¿YÂm�½{�¯�Y{ Z] [M �Y�

½��½|��µZ §�Y��½M�d¸��Á�|Å{�{Â^Æ]��{�µÂX�»�ÉZÅ
d§Z]�ºÌ»�e|Àf�¿Y{�Ã|��\Ë�ze�ÉZÅ.  

  
Ä¿YÂm�½Z»����Âf»Ê¿�  

Y� Ä¯� {Y{� ½Z�¿� lËZf¿�¶]Z¬f»�iY� Á� Ê¸�Y� cY�i
�Ìa� Á� Ê°�y�Ä¿YÂm��ÊÀ »� |��{�®Ë�t��� �{� �Y{

� |�� �Y{)� µÁ|m� .(�¾Ë�f�Ì]� ,�Àe� ½Á|]��ËY��� �{
Ä¿YÂm� ½Z»�� ��Âf»�ÉZÅ�~]� Ä]� ª¸ f»� Ê¿�

�Ìa�Ä¿YÂm�{Â]�Ã|�¿��Y{)��/� (�\Ìe�e�Ä]�½M�¾Ë�f¼¯Á

�Ìa� ÉZÅ�~]� Ä]� ª¸ f»�Ä¿YÂm��Y{ d�¸£� Z]� Ã|��ÉZÅ
��� )Ä]�½Y�Ì»��/� (�Á���  ÂÌ¸Ì»��{�d¼�«�½)ppm( 

)Ä]� ½Y�Ì»�/� (Ê·Zu�{� ,{Â]�¾ÌÀÌ¯ÂfÌ���Ë{Z¬»�¾Ì]� Ä¯
�Ìa� �Z¼Ìe� �Y� Ã|»M�d�|]�Ä¿YÂm��d�¸£� Á� ½{Â¼¿� �Y{

�� ÂÌ¸Ì»� �{� d¼�«� ½)ppm(��Ê§ÔfyY� ¾ÌÀÌ¯ÂfÌ�
� |�¿� Ã|ÅZ�»)� µÁ|m�.(�� �Àe� |Ë|�e� Z]°�y� Ê��Y

�/� -�� Ä]�/�-�½Z»�� ��Âf»� µZ°�ZaZ´»�Ä¿YÂmÊ¿� 
,d§ZË��ËY�§Y�{�É|¿Á��¾ÌÀq�Ìa�ÉZÅ�~]���Ä¿YÂm���Y{

Á� Ã|� �Ìa�Ä¿YÂm�{Â]� {ÂÆ�»� Ã|�¿� �Y{ .Ä]�Ä¯�É�Â�
�Ìa� ÉZÅ�~]� �{� �Y|¬»� ¾Ë�f�Ì]�Ä¿YÂm���{� Ã|�¿� �Y{

� ¶Ì�¿Zfa�/� -��¾Ë�f¼¯� Á� |�� Ã|ÅZ�»� µZ°�ZaZ´»
Ä]��Ë{Z¬»d�¸£��{�\Ìe�eÉZÅ����,�����Á��  �d¼�«
ÂÌ¸Ì»� �{½ )ppm(�� ½Â»�ÂÅ� �Y�Á� ¾ÌÀÌ¯ÂfÌ�

�Ìa�Ä¿YÂm��|��Ã|ÅZ�»�[M�Z]�Ã|���Y{)�µÁ|m�.(  
� ½Y�Z°¼Å� Á� c{ZÌ�(Siadat et al., 2015) ��

� d�¸£� Ä¯� |¿{�¯� ��Y�³���  ÂÌ¸Ì»� �{� d¼�«�½
)ppm(�Ä]� ¾ÌÀÌ¯ÂfÌ�� c|»����{Â^Æ]� \^�� d�Z�

Ä¿YÂm� ÉZÅ�f»Y�ZaÄ]� Ê¿�Ä¿YÂm� d���� Ã�ËÁ�Á� Ê¿�
Ä¿YÂm� ½Z»�� ��Âf»� �ÅZ¯� ÉZÅ�~]� Ê¿��Ã|��Ìa

|Ë{�³�ºË�»�Zy .�½Z»����Âf»��ËY�§Y�¶ËÓ{��Y�Ê°Ë
Ä¿YÂmÊ»� �Àe� c|�� �ËY�§Y� Z]� ½Z»�¼Å� Ê¿��|¿YÂe

�½|��µZ §� Y�Ë��|�Z]��~]���Âe�[M�[~m��{��ÌyPe
ºË�¿MÄ¿YÂm� |ÀËM�§� �]� �iR»� ÉZÅ�[~m� ¹�¸f�»� Ê¿�

Ä¿YÂm�¹Á{�Ä¸u�»�Ä]�½|Ì���ÉY�]�Ê§Z¯�[Md�Y�Ê¿� .
�Ìa�ÉZÅ�~]�Ä¿YÂm����Y{Ä]�Ã|�Ä¸u�»�Á{�½|¿Y�~³�¶Ì·{

Ä¿YÂm�Ä¸u�»�Ä���YÄ]� ,Ê¿��¶Ì¼°e�dÆm�É�f¼¯�[M
Ä¿YÂm�|ÀËM�§�Á��f�Ì]�d����Z]�ÄnÌf¿�{�Äf�Y{��ZÌ¿�Ê¿�

Ä¿YÂm�É�f¼¯�½Z»���{��|ÀÅYÂy.(Varier et al., 2010)  
  

Ä¿YÂm�d���Ê¿�  
�Ìa��Á�Ê°�y��Àe�Ê¸�Y��iY�Ä¿YÂm�Ä]�½{�¯�Y{-

½M�¶]Z¬f»�iY� ÃY�¼Å� ZÅÄ¿YÂm�d���� �]�t��� �{�Ê¿�
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ÊÀ »�|��{�®Ë�|���Y{)�µÁ|m� .(�½Á|]��ËY����{
Ä¿YÂm�d����¾Ë�eÓZ]�,�ÀeÄ]�Ê¿�d�¸£��{�\Ìe�e-

� ÉZÅ���� ,���� ,��  ÂÌ¸Ì»� �{� d¼�«� ½)ppm(�

�Ìa�Á�¾ÌÀÌ¯ÂfÌ��Ä¿YÂm�|Ë{�³�¶�Zu�[M�Z]�Ã|��Y{-

Ä¿YÂm�d����|Àf�¿YÂe�Ä¯�Y��Ê¿��/��,�/��,�/���Á�/��
��]Y�]�|ÀÅ{��ËY�§Y�|ÅZ��Ä]�d^�¿)�µÁ|m�.(  

�µÁ|m�-�Ä¿YÂm�cZ¨����¿ZË�YÁ�ÄË�neÊÀÌ»��¹Y{Z]�Ã|��Ìa�ÉZÅ�~]�Ê¿�
Table 1-  The ANOVA of germination characteristics of  aged groundnut seeds

  

�µÁ|m�-��Ìa���iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�Ä¿YÂm Ë�Â·Â§�Â»�cZÌ�Â�y��]�Ê¿Â»�ÂÅ�½{�¯��Y{��Àe��ËY���dve�ÊÀÌ»��¹Y{Z]�Ã|��Ìa�ÉZÅ�~]�®
Ê°�y  

Table 2- Mean comparison of hormonal priming effect on morphological characteristics of  aged groundnut 

seed under drought stress conditions 

¾Ì´¿ZÌ»ÊÀ »�cÁZ¨e�½Âf���Å��{�Ä]Z�»�¥Á�u�ÉY�Y{�ÉZÅ¼fuY�t����{�É�Y{|¿�Y|¿�|��{�®Ë�µZ  
In each column means followed by the same letter are not significantly different at the P < 0.01 level 

  
ÊÀ »� �ÅZ¯� h�Z]� Ê°�y� �Àe�d���� �Y{

Ä¿YÂm� |�� Ê¿�)µÁ|m � .(�{ � ¶Ì�¿Zfa�/�-�
,µZ°�ZaZ´»�]¾Ì��sÂ������Á���  ÂÌ¸Ì»��{�d¼�«�½

)ppm(�� ¾ÌÀÌ¯ÂfÌ�®Ë� �Y�Ìa� ¾Ì]� Á� Â� �Ä¿YÂm��Y{ 
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�t���Á�[M�Z]�½{�¯��  ÂÌ¸Ì»��{�d¼�«�½)ppm(���Y
� �´Ë{�ÉÂ�À »�¥ÔfyYÊ�Y{É��|�¿� Ã|ÅZ�»)�µÁ|m

�.(  
 �{ � ¶Ì�¿Zfa�/� -��Ìa� ¾Ì]� ,µZ°�ZaZ´»�Ä¿YÂm��Y{ 
½{�¯ �t��� Á�[M� Z]��  ÂÌ¸Ì»� �{�d¼�«�½)ppm(�

¾ÌÀr¼Å�Á�¾ÌÀÌ¯ÂfÌ��]¾Ì��sÂ����� �Á��� �d¼�«
� �{½ÂÌ¸Ì»)ppm(�É�Z»M� cÁZ¨e� ¾ÌÀÌ¯ÂfÌ���Ã|ÅZ�»
� |�¿)� µÁ|m� .(�{ � ¶Ì�¿Zfa�/� -��¾Ì]� ,µZ°�ZaZ´»
�Ìa�Ä¿YÂm��sÂ���Á�[M�Z]�½{�¯�Y{����Á��� �d¼�«

ÂÌ¸Ì»� �{� ½)ppm(�� ¾ÌÀÌ¯ÂfÌ�À »� ¥ÔfyYÊ�Y{É�
d�Y|¿� {ÂmÁ.�Ä¿YÂm�d���� ¾Ë�eÓZ]�Ìa� �{� Ê¿�-

� d�¸£� Z]� ¾ÌÀÌ¯ÂfÌ�� �Z¼Ìe��� ¸Ì»� �{� d¼�«ÂÌ�½
)ppm( Ê·Zu�{�¾ËY� ,|��¶�Zud�Y Ä¯ ¾Ì] sÂ�� 

��� Á ��� ÂÌ¸Ì»� �{� d¼�«� ½)ppm( �¾ÌÀÌ¯ÂfÌ�
À »�¥ÔfyYÊ�Y{É {ÂmÁ �d�Y|¿)�µÁ|m� .(¾ÌËZa-

Ä¿YÂm�d����½Y�Ì»�¾Ë�e�Ìa�ÉZÅ�~]�Ä]�Ê¿��Ä¿YÂm���Y{
� ¶Ì�¿Zfa� �{� Ã|�¿�/�-��d�Y{� ª¸ e� µZ°�ZaZ´»

)���/� (� Z]� É�Z»M� �Zv·� �Y� Ä¯� |Àq�Å�ÉZÅ�~]
�Ìa�Ä¿YÂm�� ¶Ì�¿Zfa� �{� Ã|�¿� �Y{�/� -��µZ°�ZaZ´»

)���/� (�d�Y|¿�Ê§ÔfyY)�µÁ|m� .(Ä¿YÂm�d���-

��ÌiPe�dve� 0Y|Ë|�� Ä¯�d�Y�ÊËZÅ�f»Y�Za� �Y� �~]� Ê¿�
Ê»��Y�«�Ê�Ìv»�|�Z�»Z¿��ËY��Ê»� Y~·�{�Ì³Ä]�½YÂe-

�ÊËZ�ZÀ�� Á� Ê]ZË��Y�dÆm� �{� �iR»� � Ê�yZ�� ½YÂÀ�
Ê�Ìv»���»�ZË�|Ì¨»�cY�iY��{Â¼¿�Ã{Z¨f�Y�½M��Y.(Jisha 

et al., 2013) �½Y�Z°¼Å�Á�É{Y�M(Azadi et al., 2013) 

 �Ìa� |¿{�¯� ��Y�³�Ä¿YÂm��\^�� Ê¿Â»�ÂÅ� ½{�¯�Y{
Ä¿YÂm�ÉZÅ�f»Y�Za�{Â^Æ]�¹Â³�Â��Ã|��Ìa�ÉZÅ�~]�Ê¿�

Ä¿YÂm�d����Á�|��{�|À¿Z»�ÉZÅ�~]�Z]�Ä�ËZ¬»��{�Ê¿�
�Ìa�Ä¿YÂm�|��Ã|�¿��Y{ .½Y�Z°¼Å�Á�½Z¼u� (Rehman 

et al., 2015) � ���Ë{Z¬»� �{��ÅZ¯� Ä¯|Àf�Y{� �ZÆ�Y
Ä¿YÂm� d���� Á� |��{� cZ¨��Ã|��Ìa� ÉZÅ�~]� Ê¿�

Ê»�c�}�Z¨·M�ºË�¿M�dÌ·Z §��{��ÅZ¯��Y�Ê�Z¿�|¿YÂe
|�Z]� �ÔÌ»M.�Ä]Ê»� ��¿�Ä¿YÂm� d���� {Â^Æ]� Ä¯|��

�Ìa� ÉZÅ�~]� Ê¿��Ä¿YÂm���{��ËY�§Y� ¶Ì·{� Ä]� Ã|�� �Y{
»�ÉZÅ|À«� µZ¬f¿Y�d����|���µZu� �{�¾ÌÀm� Ä]� µÂ¸v

�Z¨·M�ºË�¿M�dÌ·Z §��{��ËY�§Y�Y�Ê�Z¿��»Y�¾ËY�Ä¯�|�Z]
d�Y� �ÔÌ»M .� ZeZ]Â¯� Á� ÃÁ|¿M� Zf�Y��¾ËY� �{(Andoh 

and Kobata, 2002) �Ä¿YÂm� d���� �{��ËY�§Y�Ê¿�
�Ìa�ÉZÅ�~]�Ä¿YÂm���Y�Ê�Z¿� Y��l¿�]� Á� ¹|À³� Ã|���Y{

�ËY�§Y�/���Á�/��¨·M�ºË�¿M�dÌ·Z §��{�É�]Y�]��ÔÌ»M�Z
|¿{�¯� ¹Ô�Y� Ã|�¿� ºËY�a� ÉZÅ�~]� Ä]�d^�¿ .�¾Ì¬¬v»

ºË�¿M�dÌ·Z §� �{��ËY�§Y�¾ÌÀr¼Å�Á� �Z¿�Á�|ÌÅ{�ÉZÅ
ºË�¿M�dÌ·Z §� �{��ÅZ¯� Á� �Y|Ì�¯Y�a���ÄnÌf¿�{� �ZbÌ·

�Ìa�Ä¿YÂm��d����{Â^Æ]��]��iR»��¶»YÂ���Y�Y��½{�¯�Y{
Ä¿YÂmÄf�¿Y{�Äf§ZË�µYÁ��ÉZÅ�~]�Ê¿��|¿Y(Varier et al., 

2010).  
  

ÄrÅZÌ³�µÂ�  
�Ã{Y{�Ê���]{Y{�½Z�¿�ÄrÅZÌ³�µÂ��ÉZÅ��¶]Z¬f»��iY

a�Ì� �Z¼Ìe� Á°�y� ÊÄ]Ê¸�Y� cY�iY� ÃY�¼Å�� �]�µÂ�
� ÊÀÌ»�� ¹Y{Z]� � ÄrÅZÌ³� µZ¼fuY� t��� �{®Ë��|��{

ÊÀ »� �Y{� d�Y)� µÁ|m�.(��,�Àe� ½Á|]� �ËY��� �{
¶ËÂ��Ìa� Ä]� �Â]�»� ÄrÅZÌ³� ¾Ë�e�Ä¿YÂm��Z]� ½{�¯�Y{

¸£�Z]�Ä¯�{Â]�[Md��½Á|]�Á�¾ÌÀÌ¯ÂfÌ��¦¸fz»�ÉZÅ
�Ìa�ÊÀ »�¥ÔfyY��Z¼Ìe�d�Y{�É�Y{)�µÁ|m� .(�¾Ì]

d�¸£�ÄrÅZÌ³�µÂ���Zv·��Y�¾ÌÀÌ¯ÂfÌ��¦¸fz»�ÉZÅ
�|�¿� Ã|Ë{�Ê§ÔfyY��Àe� ¹|���ËY��� �{)�µÁ|m� .(

�c|���ËY�§Y�Z]�ZÅ�Z¼Ìe�¹Z¼e��{�Á�Ê°�y��ËY����{
Ä]� ÄrÅZÌ³�µÂ�� ,�ÀeÊÀ »�¶°��d§ZË��ÅZ¯�É�Y{

Z»Y��Ìa�ÉZÅ�~]��{�Ê�ÅZ¯�|¿Á��Ä¿YÂm���f¼¯�Ã|���Y{
� {Â])� µÁ|m� .(�Z]� Ä�ËZ¬»�{� ¾ÌÀÌ¯ÂfÌ�� �Z¼Ìe� �Ìa
�Ìa�Ä¿YÂm��ÉÁ�� Y�� É�e{ÂÆ�»� �iY� [M� Z]� ½{Â¼¿� �Y{
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�¾Ì]� Z»Y� d�Y{� �Àe� �ËY��� dve� Ã|��Ìa� ÉZÅ�~]
d�¸£�sÂ��� ¹Z¼e� �{� ½Â»�ÂÅ� ¾ËY� ¦¸fz»� ÉZÅ

�|�¿�Ã|ÅZ�»�Ê§ÔfyY�É�Z»M��Zv·�Ä]�Ê°�y)�µÁ|m
�.(  

�½Y�Z°¼Å� Á� |¿Â�Ì� (Eisvand et al., 2010) �
�ÉZÅ�~]� �Y� ¶�Zu� ÄrÅZÌ³� µÂ�� Ä¯� |¿{�¯���Y�³
�d§4Y� Ê°�y� �ËY��� dve� ½Á�ËZaÁ�³M� Äf§ZË� µYÁ�

�Ìa�Z»Y�{Â¼¿�É|Ë|��Ä¿YÂm����Âe�Ê¿Â»�ÂÅ�½{�¯�Y{
�Y�� �Àe� �iY� d�¿YÂe� ®Ë�Ì�]M� |Ì�Y� Á� ¾ÌÀÌ¯ÂfÌ�

ÄrÅZÌ³�µÂ��{Â^Æ]�\^��Á�Ã{Y{�¦Ì¨ze��Z]�Ä�ËZ¬»��{
�Ìa�Á�Äf§ZË�µYÁ��ÉZÅ�~]�Ä¿YÂm�{{�³�Ã|�¿��Y{ .�{Â^Æ]
�Ìa� ÄnÌf¿�{� ÄrÅZÌ³�|��Ä]�¾ÌÀÌ¯ÂfÌ�� Z]� �Z¼Ìe�Ã�ËÁ

Ê»�Ê°�y��Àe��{µÂ¸��ºÌ�¬e��ËY�§Y��iY��{�|¿YÂe-

ºÌnu�Á�Ê¼f�Ë�»�ÉZÅµÂ¸��¾ËY�½|���e|�Z]�ZÅ .��{
µÂ¸��Ã�Y|¿Y�½|��±��]�,¾Ì¬¬v»�Zf�Y��¾ËY�ÃZÌ³�ÉZÅ

�dve� ¾ÌÀÌ¯ÂfÌ�� Êm�Zy� �Ë{Z¬»� {�]�Z¯� ÄnÌf¿� �{
��¯Â¸³�Ä]�Ê]�q��ËZy}�¶Ë|^e��Y�Ê�Z¿�Y��Ê°�y��Àe

Ê»� �Âf¯Á�§� ÁÊ¨À»� \^�� Ä¸X�»� ¾ËY� ,|À¿Y{�½|�� �e
�Á��f�Ì]�[M�[~m�dËZÆ¿��{�Á�µÂ¸��É�¼�Y�¶Ì�¿Zfa

Ê»� µÂ¸�� ¹�Âe� {{�³ (Varier et al., ������

Miransari and Smith, 2014) .  
� ½Z¼u�� ½Y�Z°¼Å� Á(Rehman et al., 2015) ���Ì¿

�Á� �e� ½�Á� �{� �ËY�§Y� Á� c�}� ÄrÅZÌ³� |��� {Â^Æ]
½M� ®�y��Ìa� ÄnÌf¿� �{� Y��Ê¿Â»�ÂÅ� �Z¼Ìe

Ã{�¯���Y�³�~]|¿Y.  
  

ÄrÅZÌ³�Ê·Â���ÄÌÀ]��yZ�  
��½Z�¿��yZ��¾ËY��¿ZË�YÁ�ÄË�ne��Y�¶�Zu�lËZf¿

��Á��Àe� ¶]Z¬f»� �iY� Á� Ê¸�Y�cY�iY� ½|�� �Y{�ÊÀ »� �Y
�Ìa�ÂmÄ¿Y��d�Y{� |��{� ®Ë� t��� �{� ½{�¯�Y{

)� µÁ|m� .(��Àe� ½Á|]� �ËY��� �{� �~]� ÄÌÀ]��yZ�

�Ä]� �Y|¬»� ¾Ë�f�Ì]� ½ZÌ»� ¾ËY� �{� Á� {Â]��Àe� �Y� �f�Ì]
�Ìa� ÉZÅ�~]�Ä¿YÂm��d�Y{��Z�fyY�[M� Z]� Ã|�� �Y{

�d�¸£��{�¾ÌÀÌ¯ÂfÌ���Z¼Ìe� Z]�Ä¯�|Àq�Å��� �d¼�«
ÂÌ¸Ì»� �{� ½)ppm( ÊÀ »� ¥ÔfyY�Z]� Z»Y� d�Y|¿� É�Y{
d�¸£� ÉZÅ���� Á��� ÂÌ¸Ì»� �{� d¼�«� ½)ppm( 

�Ìa� ÉZÅ�~]� ¾ÌÀr¼Å� Á� ¾ÌÀÌ¯ÂfÌ��Ä¿YÂm��Y{ �Ã|�¿
ÊÀ »�cÁZ¨e�d�Y{�É�Y{)�µÁ|m� .(�t����{�/�-�

�Ìa�¾Ì]�,Ê°�y�µZ°�ZaZ´»�Ä¿YÂm��Á�[M�Z]�½{�¯�Y{
d�¸£� ÉZÅ���� Á��� ÂÌ¸Ì»� �{� d¼�«� ½)ppm( 

ÊÀ »�cÁZ¨e�¾ÌÀÌ¯ÂfÌ�¯�|Àq�Å�|�¿�Ã|ÅZ�»�É�Y{�Ä
�Ìa� ÉZÅ�~]� Z]�Ä¿YÂm��Y{ ÊÀ »� cÁZ¨e� Ã|�¿�É�Y{

|Àf�Y{)� µÁ|m� .(�,Ê°�y� �Àe� �Y� t��� ¾ËY� �{
��~]� ÄÌÀ]��yZ��¾Ë�f�Ì]� ¾ÌÀÌ¯ÂfÌ��d�¸£� ¾Ë�eÓZ]

�{Y{�½Z�¿�{Ây��Y�Y��ZÅ�Z¼Ìe��ËZ��Ä]�d^�¿)�µÁ|m� .(
� t��� �{�/� -�d�¸£� ¾Ì]� ,µZ°�ZaZ´»� ÉZÅ�����Á

��� ÂÌ¸Ì»��{�d¼�«�½)ppm( ®Ë��Y��Z¼Ìe�¾Ì]�Á�Â�
�Ìa�Ä¿YÂm�d�¸£� Á� [M� Z]� ½{�¯�Y{� ÉZÅ���� Á��� 

ÂÌ¸Ì»� �{� d¼�«� ½)ppm( �¾ÌÀr¼Å� Á� ¾ÌÀÌ¯ÂfÌ�� �Y
ÊÀ »�cÁZ¨e� |ÅZ�|�¿� Ã|ÅZ�»� É�Y{)� µÁ|m� .(��{

�¶Ì�¿Zfa�/�-���yZ��¾Ë�f�Ì]� � ,Ê°�y�µZ°�ZaZ´»
� d�¸£� �{� ÄÌÀ]��� ½ÂÌ¸Ì»� �{� d¼�«)ppm( ��Y

Ê·Zu� �{� ,|»M� d�|]� ¾ÌÀÌ¯ÂfÌ��¾Ì]� Ä¯
�Ìa�Ä¿YÂm�d�¸£� Á� [M� Z]� ½{�¯�Y{� ÉZÅ���� Á��� 

ÂÌ¸Ì»� �{�d¼�«� ½)ppm( ÊÀ »�¥ÔfyY� ¾ÌÀÌ¯ÂfÌ�-

� |�¿� Ã|Ë{� É�Y{)� µÁ|m� .(��Y� �~]� ÄÌÀ]� �yZ�
a�f»Y�Z�ÉZÅ�®Ë�Â·Â§�Â»�ºÆ»�� �{�Ê]ZË��YÄ¿YÂm�Ê¿�

Ê»� [Â�v»� �Àe� �ËY��� dve� ÉZÅ�~]{{�³ .��Y
|��{� ,�Àe�c|���ËY�§Y� Z]� Ä¯� Zn¿M�Ä¿YÂm�Á�Ê¿�

�ÄÌÀ]��yZ���{�|¿Á��¾ËY�,d§ZË��ÅZ¯�ÄrÅZÌ³�µÂ�
d�Y~³� �ÌiPe� �~]  .¾ËY� Ä]� ÄmÂeZ]�½Â»�ÂÅ� Ä¯

¾ÌXeÁ�a� dÌ·Z §� \^�� ¾ÌÀÌ¯ÂfÌ��{� �iR»� ÉZÅ 
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Ê»� µÂ¸�� Ê·ZÀ´Ì�� ÉZÅ�Z�]M�|��{� �ËY�§Y� ,{Â�
Ä¿YÂm{Â^Æ]�Á�Ê¿���µÂ��ÄrÅZÌ³��{�¾ËY��ËY��Ê»�Y�-

ËY�§Y� Ä]� ½YÂe{YÂ»� µZ¬f¿Y���¾ÌÀm� Ä]� ÊËY~£��µZu� �{
�{Â^Æ]� ÄnÌf¿� �{� µÂ¸�� ºÌ�¬e�d�����ËY�§Y� Á� |��

�d�¿Y{�[M�[~m(Muller and Sheen, 2007) .�ÃÁÔ�
�Ìa� ÉZÅ�~]� ��Âe� [M� [~m� �ËY�§Y� ¾ËY� �]  

Ä¿YÂm��Y{ Ê»��Àe��ËY����{�Ã|���ËY�§Y�h�Z]�|¿YÂe
½Â»�ÂÅ� Ê¿Á�{� �Ë{Z¬»�Á� {{�³� ¾Ì·�^Ìm� �Ì�¿� ÊËZÅ

ºË�¿M�dÌ·Z §�Y��Ä«Z��Á�Ä�Ë��|���{Â^Æ]�½M��^e�Ä]�Á�ZÅ
� \^�{Â� .� ½Y�Z°¼Å� Á� |¿Â�Ì�(Eisvand et al., 

2010)  ÄÌÀ]� {Â^Æ]� �Ì¿�Äf§ZË� µYÁ�� ÉZÅ�~]� É
�Ìa� Z]�Ê°�y��Àe��ËY��� �{� Y��½Á�ËZaÁ�³M��Z¼Ìe

|¿{�¯� ��Y�³� ¾ÌÀÌ¯ÂfÌ�.��½Y�Z°¼Å� Á� c{ZÌ�
(Siadat et al., 2015) � ��Y{��ZÆ�Y�{Ây�ªÌ¬ve��{�|Àf

�Ìa� Ä¯�Ä¿YÂm��¾ÌÀÌ¯ÂfÌ�� ��Âe� Ê¿Â»�ÂÅ� ½{�¯�Y{
Ä]� ½Y�Ì»��� � �{�d¼�«� ½ÂÌ¸Ì»)ppm( �½Z»��c|»� Á
����{Â^Æ]�\^��ºË�»�Zy�Ã|��Ìa�ÉZÅ�~]�ÉÁ��d�Z�

|Ë{�³�~]�ÄÌÀ]��yZ� .  
  

Ê°Ë�f°·Y�dËY|Å  
��½{Â]� �Y{�ÊÀ »� ,�¿ZË�YÁ� ÄË�ne� �Y�¶�Zu�lËZf¿

{�®Ë�t����{�Y��¶]Z¬f»��iY�Á�Ê¸�Y�cY�iY�ÉY�]�|��
� {Y{� ½Z�¿� Ê°Ë�f°·Y� dËY|Å)� µÁ|m� .(��ËY��� �{

�Y�� Ê°Ë�f°·Y� dËY|Å� ½Y�Ì»� ¾Ë�f�Ì]� ,�Àe� ¹|�
�Ìa�ÉZÅ�~]�Ä¿YÂm�|¿{Y{� ½Z�¿� {Ây� �Y� Ã|�¿� �Y{ .��{

�Ìa� ÉZÅ�Z¼Ìe� ¾Ì]�Ä¿YÂm��dËY|Å� ½Y�Ì»� ¾Ë�f�Ì]� ,�Y{
�Ìa� Ä]� �Â]�»�Ê°Ë�f°·Y�Ä¿YÂm��Y{ �{Â]�[M� Z]� ½{�¯

�d�|]��Ë{Z¬»�¾Ì]� Z»Y�Ìa��Y� Ã|»M�Ä¿YÂm��Y{ �Z]�½{�¯
d�¸£� ÉZÅ���� Á��� ÂÌ¸Ì»� �{� d¼�«� ½)ppm( ��Y

ÊÀ »�¥ÔfyY�¾ÌÀÌ¯ÂfÌ�|�¿� Ã|ÅZ�»�É�Y{ .�¾Ë�f¼¯
�ÉZÅ�~]� Ä]� ª¸ f»� �Ì¿� �Àe� ¹|�� �ËY��� �{� �Y|¬»

�Ìa�Ä¿YÂm��Y{ �¾ÌÀÌ¯ÂfÌ��d�¸£�¾Ë�eÓZ]���Âe� Ã|�
� {Â])� µÁ|m� .(�dËY|Å� �Àe� c|�� �ËY�§Y� Z]

{� Ê°Ë�f°·Y�Ìa� ÉZÅ�~]� ��Ä¿YÂm��Y{ �Á� Ã|�
�Ìa�Ä¿YÂm��Y{ �Ìa� Z»Y� d§ZË� �ËY�§Y� Ã|�¿�Ä¿YÂm��Y{ 

Ä]�¾ÌÀÌ¯ÂfÌ�� Z]� ½{�¯d�¸£� �{� Ã�ËÁ��� ��{�d¼�«
ÂÌ¸Ì»�½)ppm( �d^�¿�É�f�Ì]�Ã�Y|¿Y�Ze�Y���Àe�Ê¨À»��iY

�Ìa� Ä]�Ä¿YÂm��ÉZÅ�~]� ¾ÌÀr¼Å� Á� [M� Z]� ½{Â¼¿� �Y{
�Ìa�Ä¿YÂm�� {Â¼¿�ÊjÀy� Ã|�¿� �Y{)� µÁ|m�(Ä]� ,�É�Â�

�ÉZÅ�~]�Ä]�ª¸ f»�Ê°Ë�f°·Y�dËY|Å��Y|¬»�¾Ë�f�Ì]�Ä¯
�Ìa�Ä¿YÂm��Y{ �¶Ì�¿Zfa��{�Ã|�¿�/� -��,{Â]�µZ°�ZaZ´»

�Ìa�ÉZÅ�~]� Z]�Ä¯�|Àq�Å�Ä¿YÂm��Y{ �¶Ì�¿Zfa��{�Ã|�¿
�/� -��d�Y|¿�É�Y{�ÊÀ »�¥ÔfyY�µZ°�ZaZ´»)�µÁ|m
� .(��{�\Ìe�e�Ä]��Ì¿�Ê°Ë�f°·Y�dËY|Å��Ë{Z¬»�¾Ë�f¼¯

d�¸£Å�ÉZ���,�����Á��� ÂÌ¸Ì»��{�d¼�«�½)ppm( 
� |Ë{�³� d^i� ¾ÌÀÌ¯ÂfÌ�� �Y)� µÁ|m� .(Ä]�Â��Ê¸¯

�,�Àe� �ËY��� dve� Äf§ZË� µYÁ�� ÉZÅ�~]� ¾f§�³�Y�«
Ä]� Y�� µÂ¸��ÉZ�£� Ä]� Ã{�YÁ�cZ»|���Àe� �Á�]� ¶Ì·{

Ê»� ½Y|ÀqÁ{� ÂÌeY|Ì�¯Y|À¯ .�Ä]� �nÀ»� Ä¸X�»� ¾ËY
½ÂË� Á� {YÂ»�d�¿��ËY�§YÄ]� Á�µÂ¸��ÉZ�£� �Y� ZÅ���^e

Ê»��~]�µÂ¸v»�Ê°Ë�f°·Y�dËY|Å��ËY�§Y�½M{{�³ .��Y
�Ìa� �´Ë{� ÉÂ��Ä¿YÂm��Y{ ��fÀ�� ªË��� �Y� �~]� ½{�¯

DNA�� ÁmRNAs�½�� ½ZÌ]� ¾ÌÀr¼Å� Á� |Ë|m�ÉZÅ
\Ì�M� ºÌ»�e� \^�� ,É�ÁZ°Ë��Á� Z�£� Ä]� Ã{�YÁ� ÉZÅ

Ê»� �~]�Ê°Ë�f°·Y�dËY|Å��ÅZ¯� {{�³.(Varier et 

al., 2010)�� ½ZË� Zf�Y�� ¾ËY�{(Yan, 2015) � ���ZÆ�Y
�Ìa�d�Y{�Ä¿YÂm��Y{ �dËY|Å��ÅZ¯�\^���~]�½{Â¼¿

Äf§ZË� µYÁ�� ÉZÅ�~]� Ê°Ë�f°·Y� º¸¯� É (Brassica 

rapa)�Ìa�ÉZÅ�~]� Z]� Ä�ËZ¬»��{�Ä¿YÂm��Y{ �Ã|�� ,Ã|�¿
d�Y .½ÂË�d�¿��ËY�§Y�Ä¯�{Y{���Y�³�¾ÌÀr¼Å�ÁY�ZÅ

½�ÂeZa�\Ì�M�dÆm�Y��¹�Ó��f�]��Àe��ËY���dve�ZÅ
µYÁ�� ÉZÅ�~]� Ä]�ÄrÅZÌ³� Á� Äf§ZË�½M� �Y� ¶�Zu� ÉZÅ
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Ê»�ºÅY�§|À¯ .®Ì·Z»� Á�ÊeÂÌm (Jyoti and Malik, 

2013) �ÉZÅ�~]� Ê°Ë�f°·Y� dËY|Å� �{� �ËY�§Y� d¸�
�Ä¸�Z§� Á� Z¼·Z¼�Ôa� �{� ¥Z°�� {ZnËY� Y�� Äf§ZË� µYÁ�
�Ä°^�� ½|�� Ã�Za� ,Ê·Â¸�� Ã�YÂË{� �Y� ½M� ¾f§�³

¹Á�Â^Ë��Ê¸9a�[ZÌ£��{�Ê¼�ÔaÁ|¿M¹Á�Âf°Ë{�Á� ZÅ�ZÅ
�Y|¿{�¯� ¹Ô .� ½Y�Z°¼Å� Á� Z�Ìm(Jisha et al., 2013)�

�Ìa� Ä¯� |¿{Y{� ��Y�³�Ä¿YÂm��\^�� �~]� ½{�¯�Y{
Ê»��Z¿�Á�|ÌÅ{�ºË�¿M�dÌ·Z §��ËY�§Y�Ê�¬¿�Ä¯�{{�³

�½ÂÌ�Y|Ì�¯Y�a� Ê¨À»� cY�iY� ½{Â¼¿� ÊjÀy� �{� É|Ì¸¯
{�Y{�Z�£ .  

  
¾]�¯�ÉZÅ�cY�|ÌÅ�µÂ¸v»  

�ÊÀ »�Ä]�ÄmÂe�Z]��iY�Á�Ê¸�Y�cY�iY�½|���Y{�¶]Z¬f»
�Ìa� Á��Àe�Ä¿YÂm��Y{ � ½{�¯)� µÁ|m�(�½Z�¿� lËZf¿� ,

��Y|¬»� ¾Ë�f�Ì]� �Àe� ½Á|]� �ËY��� �{� Ä¯{Y{
cY�|ÌÅ�¾]�¯�ÉZÅ��Ìa�ÉZÅ�~]� �{�µÂ¸v»�Ä¿YÂm��Y{ 

|»M�d�|]�Ã|� .�Ìa�½ZÌ»�¾ËY��{�Ä¿YÂm��Z]�½{Â¼¿��Y{
�Ìa� Á� [MZ]� Ê¿Â»�ÂÅ� �Z¼Ìe��� ÂÌ¸Ì»� �{�d¼�«�½

)ppm( À »� cÁZ¨e� ¾ÌÀÌ¯ÂfÌ�Ê��´Ë|°Ë� Z]� É�Y{
d�¸£�Á�|ÅZ��Ä]�d^�¿� Y��É�f�Ì]� �Ë{Z¬»�Á�Äf�Y|¿-

�ÉZÅ���Á��� ÂÌ¸Ì»��{�d¼�«�½)ppm( ��Y�¾ÌÀÌ¯ÂfÌ�
|¿{Y{�½Z�¿�{Ây)�µÁ|m� .(�,�Àe�½Á|]��ËY���dve

�Ìa�ÉZÅ�~]� Ä]� µÂ¸v»�ÉZÅ|À«� �Y|¬»� ¾Ë�f¼¯���Z¼Ìe
Ã|�¿ d�Y{�ª¸ e .�½Y�Ì»�Ê°�y��Àe�c|���ËY�§Y�Z]

µÂ¸v»� ÉZÅ|À«��Ìa� ÉZÅ�~]� �{�Ä¿YÂm��Y{ �Á� Ã|�
�Ìa�Ä¿YÂm��¾ËY�c|��Z»Y�d§ZË��ÅZ¯�0Y|Ë|��Ã|�¿��Y{

�Ìa� ÉZÅ�~]� �{� d§4Y�Ä¿YÂm��Y{ �|ÅZ�� Ä]� d^�¿� Ã|�
� {Â]� �f¼¯)�µÁ|m� .(�µÂ¸v»�ÉZÅ|À«�½Y�Ì»�¾Ë�eÓZ]

��Z¼Ìe�Ä]��Â]�»�Ê°�y�sÂ���Ê»Z¼e��{��� �d¼�«
ÂÌ¸Ì»��{�½)ppm( �sÂ���¾Ì]�Á�{Â]�¾ÌÀÌ¯ÂfÌ��/�-��Á

�/� -���Zv·� Ä]� ÊeÁZ¨e� d�¸£� ¾ËY� �{� µZ°�ZaZ´»

�|�¿�Ã|Ë{�É�Z»M)�µÁ|m� .(Ê»���¿�Ä]�½ZË�m��{�|��
Ê»��ÅZ¯�Ê·Â¸��ÉZ�£�¹Zn�¿Y��~]�µYÁ��|ÀËM�§�|]ZË
Ê»�Y�«� �ÌiPe� dve� c|�]� ½M� É�Ë~a}Â¨¿� Á�,{�Ì³

dÌ·Á�f°·Y�d�¿� ÄnÌf¿�{cY�|ÌÅ� �Ì�¿� Z�£� �Y� ZÅ�ÉZÅ
¾]�¯��c�Â��µÂ¸v»�Ì³{.  

� ®Ì·Z»� Á� ÊeÂÌm (Jyoti and Malik, 2013) 

�,µYÁ�� ½Z»�� c|»� �ËY�§Y� Z]� Ä¯� |¿{�¯� ��Y�³
�|À¿Z»� Z�£� ¹Z°vf�Y� �{� µÂX�»� ÉZÅ|Ë�Z¯Z�Â´Ì·Y

Ä]� �ÂÀÌ§Y���Y�\^�� Ä¸X�»� ¾Ì¼Å� Á� Ã|Ë{�\Ì�M�c|�
Ê»� Z�£� ¹Zn�¿Y� ¾f§�� ¾Ì]{{�³ .�Ä¸¼m� �Y� �ÂÀÌ§Y�

cY�|ÌÅÁ� ZÅ|ÌbÌ·� �Y� Ã|ÀÀ¯� d�§Zv»� ¾]�¯� ÉZÅ�
¾ÌXeÁ�ad�Y�ÊËZ�£�ÉZÅ .�dÌ·Z §��{��ÅZ¯�¾ÌÀr¼Å

��ÅZ¯�\^��Äf§ZË�µYÁ��ÉZÅ�~]��{��ÔÌ»M�Z¨·M�ºË�¿M
Äf�Z�¿��ËZy}�ÄË�ne�µÂ¸v»�Á�Ã{Z��ÉZÅ|À«�Ä]��~]�ÉY

Ê»�{�Â»� |��� µZu� �{� ¾ÌÀm� ÄË~¤e�dÆm� Ä¯� {{�³
�d�Y� �ZÌ¿(Bailly, 2004).�ºË�¿M�dÌ·Z §� �{��ËY�§Y-

�Z¿�Á�|ÌÅ{�Á��ÔÌ»M�ÉZÅ��Ìa� �ÉZÅ�~]��{�Ä¿YÂm���Y{
� d�Y� Ã|Ì��� cZ^iY� Ä]� Ã|�(Andoh and Kobata, 

2002) .ºË�¿M�¾ËY�dÌ·Z §�ÉYÂfv»��ËY�§Y� Ä]� �nÀ»� ZÅ
Ê»� ¾ÌÀm� Ä]� ½M� µZ¬f¿Y� Á� �~]� µÂ¸v»� ÉZÅ|À«�{{�³

�$QGRK�DQG�.REDWD��������%DLOO\�������.   
  

¾ÌXeÁ�aµÂ¸v»�ÉZÅ  
��cY�iY� ,�¿ZË�YÁ�ÄË�ne��Y�¶�Zu�lËZf¿��Z�Y��]

�Ìa� Á� Ê°�y� ¶]Z¬f»� �iY� Á� Ê¸�Y�Ä¿YÂm�É�Y{ ��]
¾ÌXeÁ�aÊÀ »�|��{�®Ë�t����{�µÂ¸v»�ÉZÅ�{Â]��Y{

)�µÁ|m� .(�d�|]��Ë{Z¬»�¾Ì]� ,�Àe�¹|���ËY��� �{
d�¸£� �{� Ã|»M� ÉZÅ���� Á��� ÂÌ¸Ì»� �{� d¼�«�½

)ppm( ®Ë��Y�¾ÌÀÌ¯ÂfÌ���Y�Ìa�Á�Â��¿YÂmÄ��½{�¯�Y{
d�¸£� Á� [M� Z]���  ÂÌ¸Ì»� �{� d¼�«� ½)ppm(�

ÊÀ »�¥ÔfyY��´Ë{�ÉÂ���Y�¾ÌÀÌ¯ÂfÌ��Ã|ÅZ�»�É�Y{
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¾ÌXeÁ�a� ½Y�Ì»� Z»Y� ,|�¿�Ìa� �{� µÂ¸v»�ÉZÅ�Ä¿YÂm���Y{
�Ìa� Á� [M� Z]� ½{Â¼¿Z]� �Z¼Ìe��� ÂÌ¸Ì»� �{� d¼�«�½

)ppm( �{Â]�|ÅZ�� Á� ZÅ�Z¼Ìe� �ËZ�� �Y� �f�Ì]�¾ÌÀÌ¯ÂfÌ�
)�µÁ|m�.(  

  
�µÁ|m�-�Ê°�y��ËY����Àe�dve�ÊÀÌ»��¹Y{Z]�Ã|��Ìa�ÉZÅ�~]�®Ë�Â·ÂË�Ì§�cZÌ�Â�y��]�Ê¿Â»�ÂÅ��Z¼Ìe��Ìa��iY�¾Ì´¿ZÌ»�Ä�ËZ¬»  

Table 3-  Mean comparison of hormonal priming effect on physiological characteristics of  aged groundnut seed 

under drought stress conditions 
Å�Z¼Ìe��Ìa�ÉZ

Ä¿YÂm�Y{  
  

Priming 
 

Treatments 

��Àe
Ê°�y  

  
Drought 

Stress 
(MPa) 

�dËY|Å
Ê°Ë�f°·Y 

Electrical 
conductivity 
(µS.cm-1g-1) 

cY�|ÌÅ ¾]�¯�ÉZÅ�µÂ¸v» 

 Carbohydrates 
(mg.[gdw]-1) 

�ÉZÅ�¾ÌXeÁ�a
µÂ¸v» 

Soluble 
proteins 

(mg.[gfw]-1) 

É{�½Â·Z»�ÉYÂfv»|ÌÅ|·M  
Malondialdehyde 

content (nmol.[gfw]-1) 

�ÓZeZ¯�dÌ·Z §  
  

Catalase 
(Units[mgpr]-1) 

|Ì�¯Y�aÂ��dÌ·Z §  
�ZeÂ¼�Ë{  

Superoxide 
dismutase 

(Units[mgpr]-1) 

cZ]�Â°�M�dÌ·Z §  
�Y|Ì�¯Y�a  

Ascorbate 
peroxidase  

(Units[mgpr]-1) 

�¾ÌÀÌ¯ÂfÌ����
½ÂÌ¸Ì»��{�d¼�¬a  

Cytokinin 
50 ppm 

0 17.87 l 31.47 c 9.20 b 29.91 g 0.299 b 28.84 b 0.405 b 

-0.4 26.76 g 6.63 h 2.67 f 64.7 c 0.184 fg 17.68 j 0.281 efg 
-0.6 28.38 ef 5.04  i 1.77 g 70.54 b 0.181 fgh 17.05 m 0.273 fgh 
-0.8 29.02 e 2.94 j 1.00 h 73.79 a 0.171 ghi 16.24 n 0.263 ghi 

�¾ÌÀÌ¯ÂfÌ�����
½ÂÌ¸Ì»��{�d¼�«  

Cytokinin 
100 ppm 

0 17.60 l 42.73 b 9.60 b 26.98 h 0.299 b 28.78 b 0.437 a 
-0.4 24.20 hi 8.75 fg 3.24 e 60.79 d 0.184 fg 19.14 g 0.297 de 
-0.6 25.39 gh 7.09 h 2.66 f 64.69 c 0.181 fgh 18.24 h 0.292 def 
-0.8 26.91 fg 5.04  i 1.74 g 70.22 b 0.171 ghi 17.23 l 0.277 efg 

�¾ÌÀÌ¯ÂfÌ�����
½ÂÌ¸Ì»��{�d¼�«  

Cytokinin 
150 ppm 

0 15.74 m 55.83 a 10.46 a 23.41 i 0.327 a 31.15 a 0.444 a 
-0.4 21.86 j 11.34 e 3.83 d 56.27 e 0.227 d 20.98 d 0.345 c 
-0.6 23.11 ij 8.70 fg 3.33 e 61.44 d 0.217 de 19.78 f 0.333 c 
-0.8 24.19 hi 7.35 gh 2.77 f 65.99 c 0.197 ef 17.93 i 0.302 d 

Ä¿YÂm��Ìa�Z]��Y{
[M  

Hydro-priming 

0 19.97 k 54.48 a 10.46 a 24.08 i 0.260 c 28.10 c 0.417 b 
-0.4 26.70 g 8.86 f 3.83 d 61.84 d 0.161 hi 18.20 h 0.267 ghi 
-0.6 29.81 de 6.74 h 3.33 e 66.06 c 0.136 j 17.54 k 0.255 hij 
-0.8 31.03 cd 4.80 i 2.77 f 70.18 b 0.116 j 16.09 o 0.235 j 

ºËY�a�¹|�  
nonprime 

0 26.39 g 17.98 d 5.42 c 46.52 f 0.220 d 20.28 e 0.289 def 
-0.4 32.32 bc 7.13 h 1.13 h 64.39 c 0.183 fgh 17.59 jk 0.250 ij 
-0.6 33.35 ab 5.02 i 1.03 h 70.40 b 0.174 fghi 16.07 o 0.236 j 
-0.8 33.89 a 3.26 j 1.14 h 75.31 a 0.157 i 15.20 p 0.208 k 

¾Ì´¿ZÌ»ÊÀ »�cÁZ¨e�½Âf���Å��{�Ä]Z�»�¥Á�u�ÉY�Y{�ÉZÅ|¿�Y|¿��|��{�®Ë��µZ¼fuY�t����{�É�Y{  
In each column means followed by the same letter are not significantly different at the P < 0.01 level 

 
¾ÌXeÁ�a� ½Y�Ì»��Àe�c|���ËY�§Y� Z]�µÂ¸v»�ÉZÅ

�ÉZÅ�~]� Y�� �Y|¬»� ¾Ë�f¼¯� Á� d§ZË� �ÅZ¯
�Ìa�Ä¿YÂm��Y{ |Àf�Y{�Ã|�¿ .�{Y=|u�Á�|¼uY��·Z�(Tale 

Ahmad and Haddad, 2011)�]� |¿{�¯���Y�³� �Ì¿�Z
¾ÌXeÁ�a�½Y�Ì»�Ê°�y�½Z»��c|»��ËY�§Y�µÂ¸v»�ÉZÅ

�Y���ÅZ¯�d¸�� � ZÆ¿M� ,d�Y� Äf§ZË��ÅZ¯� ¹|À³� �{
¾ÌXeÁ�a� ÄË�ne��¯}� Ê°�y� ½ZË�m� �{� µÂ¸v»� ÉZÅ

Ã{�¯|¿Y .�Ìa� ÉZÅ�Z¼Ìe� ½ZÌ»� �{�Ä¿YÂm�,�Y{ �¾Ë�f�Ì]
�Ìa� �{� �Ë{Z¬»�ZÅ�~]� �Z¼Ìe ��Âe��� ��{� d¼�«

ÂÌ¸Ì»� ½)ppm( |�� Ã|ÅZ�»� ¾ÌÀÌ¯ÂfÌ�.��¾Ì]
�Ìa�Ä¿YÂm���Âe� ½{�¯�Y{��� ÂÌ¸Ì»� �{� d¼�«�½

)ppm( �Ìa�Á�¾ÌÀÌ¯ÂfÌ��Ä¿YÂm���{� �[M�Z]�½{Â¼¿��Y{

ÊÀ »�¥ÔfyY�Ê°�y�sÂ���|�¿�Ã|Ë{�É�Y{)�µÁ|m
� .(�Ìa� Z]� �Z¼Ìe�� ÂÌ¸Ì»� �{� d¼�«� ½)ppm( ��Y

��Ë{Z¬»� ZÅ�Z¼Ìe� �ËZ�� Ä]� d^�¿� Äq�³Y� ¾ÌÀÌ¯ÂfÌ�
¶Ì�¿Zfa��{�Z»Y�{Y{�½Z�¿� Y��É�f¼¯�ÉZÅ�/�-��Á�/�-�
�Ìa� ÉZÅ�~]� �Y� �fÆ]� µZ°�ZaZ´»�Ä¿YÂm��Y{ ��{� Ã|�¿

� {Â]� Ä]Z�»� Ê�Àe� sÂ��)� µÁ|m� .(��ZÆ�Y� ¾Ì¬¬v»
Ê»¾ÌXeÁ�a� �Y|¬»� �{��ÅZ¯� Ä¯� |¿�Y{�|ÀËM�§� �{� ZÅ

Ä]� É�Ìa½M� ½|�� Ã�ÂeZ¿{� ¶Ì·{\Ì�M� ZË� Á� ZÅ�ÉZÅ
¾ÌXeÁ�a� �ZfyZ�� Ä]� d�³�Z]� ¶]Z«�Ì£Ä]� ZÅ�Ä¸¼u� ¶Ì·{

µZ°Ë{Y�Ê»�{Y�M�ÉZÅ�Ìa� �Á�|�Z]�Ä¿YÂm��Y{ ��Y�½{�¯
��fÀ��ªË��mRNA�¾ÌXeÁ�a��fÀ��½M��^e�Ä]�Á�|Ë|m-

�¶«Y|u� Ä]� Y�� \Ì�M� ¾ËY� d�Y� �{Z«� |Ë|m� ÉZÅ
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|¿Z��](Kibinza et al., ������ 7DEDWDEDHL�� �����.�
� ®Ì·Z»� Á� ÊeÂÌm (Jyoti and Malik, 2013) ��½ZÌ]

¹Á�Â»Á�¯� �ZfyZ�� Ä]� \Ì�M� Ä¯� |¿{�¯� ,ZÅRNA�
ÁDNA���{� Ã|»M� {ÂmÂ]� Ê·Â°·Â»� cY�ÌÌ¤e� Ä¸¼m� �Y

Ä]� Äf§ZË� µYÁ��ÉZÅ�~]Ê»� �Z¼�{Á� .�ºf�Ì�� Ä]�\Ì�M
Ê»�¾ÌXeÁ�a� �fÀ��ºÅ� Á�Ê�ËÂ¿Á�� Ä¸u�»� �{�ºÅ�|¿YÂe

|Å{� w�� Ä¼m�e� �{ .�Ä¯� |¿{�¯� ��Y�³� ¾Ì¬¬v»
� �Ì�¿� Ê�ËÂ¿Á�� ÉY�mYtRNAºË�¿M� ,�Z]� �^e�»� ÉZÅ
¹Á�Â^Ë�� Á� Ê�ËÂ¿Á��� ½ZË�m� �{� ZÅ��Zq{� �~]� µYÁ

Ê»� \Ì�M|¿Â� .Ê»� Ê^Ì�M� ¾ÌÀq���Âe� |¿YÂe
µZ°Ë{Y�ºË�¿M�dÌ·Z §��iY��{�ZË�Á�{Y�M�ÉZÅ��Ì�¿�ÊËZÅ

�|�Z]� �ZX¸¯Â¿Â^Ë�(Varier et al., 2010) .¾ÌXeÁ�a�ÉZÅ
��ÌiPe�dve� µÂ¸v»Z¿� Á� ÊËZ�£� �YÂ¿Y� �Y� �f�Ì]� µÂ¸v»

Ê»��Y�«�ÂÌeY|Ì�¯Y��ÀeÊ»�Ä¸¼m�½M��Y�Ä¯�|¿�Ì³�½YÂe
Ä]��Ã�Z�Y�¾Ì¿ÓM�¶ÌÀ§�Á�½Z§ÂfbË�e� ,¾Ë|Ìf�ÌÅ�,¾ÌXf�Ì�

�{Â¼¿(Kibinza et al., ������Jyoti and Malik, 2013) .
Ê»�½Z�¿� |ÅYÂ�¾ÌÀÌ¯ÂfÌ�� Ä¯�|Å{��fÀ�� ºÌ�Àe� �{� ZÅ

�ªË��� �Y� Y�� �Z¯� ¾ËY� Á� Äf�Y{� É�iR»��¬¿� ¾ÌXeÁ�a
µÂ¸��Ê»Á�Â^Ë��Ê¸9a�ÉYÂfv»��{��ËY�§YÊ»�{ZnËY�ZÅ-

|ÀÀ¯ .Ë�� Ê¸9a¹Á�Â^ÃZ´f�{� ZÅ��{� ¾ÌXeÁ�a� �fÀ�� ÉZÅ
µÂ¸��{�]�Z¯� ÄnÌf¿�{� ZÆ¿M� �ËY�§Y� Á� Ã{Â]� ZÅ

Ä]� ,¾ÌÀÌ¯ÂfÌ�¹Á�Â¿Â»�d¯�u� ¶Ì·{�Ê¸9a� ¶yY{� Ä]� ZÅ
¹Á�Ê»�ZÅ�|�Z]�7DL]�DQG�=HLJHU��������0LUDQVDUL�

and Smith, 2014).  
  

|ÌÅ|·M�É{�½Â·Z»�ÉYÂfv»  
 �Ìa�Á�Ê°�y��Àe�Ê¸�Y��iY�Ä¿YÂm��Y{ {Â¼¿�Á�½

½M�¶]Z¬f»�iYÉ{�½Â·Z»�ÉYÂfv»��]�ZÅ�t����{�|ÌÅ|·M
ÊÀ »�|��{�®Ë�{Â]��Y{)�µÁ|m� .(�c|���ËY�§Y�Z]

�¾Ë�f¼¯� Á� d§ZË� �ËY�§Y� \Ì¯�e� ¾ËY� ÉYÂfv»��Àe
É{� ½Â·Z»� �Ë{Z¬»�Ìa� ÉZÅ�~]� Ä]� |ÌÅ|·M�Ä¿YÂm��Y{ 

Ä]� Ã|���Âe� Ã�ËÁ��� ÂÌ¸Ì»� �{� d¼�«� ½)ppm( 

Ë�f�Ì]�Á�d�Y{�ª¸ e�¾ÌÀÌ¯ÂfÌ��Ä]�ª¸ f»��Ì¿��Ë{Z¬»�¾
�Ìa� ÉZÅ�~]�Ä¿YÂm��Y{ � {Â]� Ã|�¿)� µÁ|m�(.���{

��Y|¬»�¾Ë�f�Ì]� ,�Àe��ËY���Ä]Z�»�,�Àe�¹|���ËY��
�Ìa� ÉZÅ�~]� Ä]�Ä¿YÂm��Y{ �Ä]� ½M� ¾Ë�f¼¯� Á� Ã|�¿

�Ìa��ÉZÅ�~]�Ä¿YÂm��Y{ �d�Y{��Z�fyY�Ã|�)�µÁ|m
� .(É{� ½Â·Z»�½ÂÌ�Y|Ì�¯Y�a� �Y� Ê�yZ�� |ÌÅ|·M

Ã{Â]�Ê·Â¸��ÉZ�£��Ê´f�^¼Å� Z�£� �Y� {YÂ»�d�¿� Z]� Á
�|]ZË� �ËY�§Y� �yZ�� ¾ËY� ½Y�Ì»� Äq�Å� ,{�Y{� d^j»

dÌ·Á�f°·Y�d�¿�Á�Z�£�½ÂÌ�Y|Ì�¯Y�a��f�Ì]�Z�£��Y�ZÅ
d�Y� �f�Ì]� Ê·Z¼fuY� cY�Z�y� ÄnÌf¿� �{� Á .��ZÆ�Y� Ä]

� ®Ì·Z»� Á� ÊeÂÌm (Jyoti and Malik, 2013) ���{
ÊÀ »��ÅZ¯�Äf§ZË�µYÁ��ÉZÅ�~]�,¾ÌXeÁ�a��{�É�Y{¶¯ 

ZÅ|À« Ê»� Ã|Ë{� Ê]�q� ÉYÂfv»� ÁÄ]� {Â��Ä¯� É�Â�
{Y�M�[�q�ÉZÅ|Ì�Y,�Ä¿Â³�Á�½�Á�|ÌÅ�|Ì�¯Y�a�ÉZÅ

Ê»� �ËY�§Y� ½�Ì�¯Y� µZ §|À]ZË .�{�,�ËZ«Á� ¾ËY� ÄnÌf¿
�Ä]�Ê·Â¸��ÉZ�£��{�{ÂmÂ»��Z^�Y�Ì£�[�q�ÉZÅ|Ì�Y

µZ°Ë{Y�Ä¿Â³�Á�{Y�M�ÉZÅ��Z�u� �½�Ì�¯Y�µZ §�ÉZÅ
Y�a� �Y�Ê�Z¿�cZ^Ì¯�e� Á� Ã|��|À¿Z»�Ê]�q� ½ÂÌ�Y|Ì�¯
É{�½Â·Z»� Á�Ê^Ì¯�e�ÉZÅ|ÌbÌ·Ê»�|Ì·Âe�|ÌÅ|·M|¿Â� .

µZ°Ë{Y���{�Ã|��|Ì·Âe�|Ì�¯Y�aÂ��Á�¶Ì�¯Á�|ÌÅ�ÉZÅ
¸�� �{� �Â�u��v»� Ä]� ÂÌeY|Ì�¯Y��Àe� ½ZË�m/�µÂ

Ê»�À¯YÁ� |À¿YÂeÃ�Ìn¿�� ÉZÅ�Ä]� � Y�� ÂÌeY|Ì�¯Y� ÉY
��Á���Ê¿ÂÌ�Z¿�Ì�¯ÂbÌ·� ZË�Á�Ê¿ÂÌ�Y|Ì�¯YÂeY�c�Â�

ÀËZ¼¿Ê»� ZÅ|Ì�¯Y�aÁ�|ÌÅ|ÌbÌ·� |Ì·Âe� Ä]� �nÀ»� Ä¯� |-

{Â�.��À¯YÁ��ZÌ�]� ZÅ|Ì�¯Y�aÁ�|ÌÅ|ÌbÌ·�Á� Ã{Â]��Ë~a
��Y� ¶�Zu� Ê¼�� ÄËÂ¿Zi� cZ^Ì¯�e� Z]� �À¯YÁ� µZ¼fuY

É{�½Â·Z»�|À¿Z»�½ÂÌ�Y|Ì�¯Y�a|¿�Y{�Y��|ÌÅ|·M .�½Â·Z»
É{�®ÌX·ÂÀÌ·� |Ì�Y� ½ÂÌ�Y|Ì�¯Y�a� µÂ�v»� |ÌÅ|·M
Ê»|¿Z���\Ì�M�ÊËZ¿YÂe�Á�|�Z]¾ÌXeÁ�a�Ä]�½�Z�£�ÉZÅ

� ªË��� �Y� Y�cross-linking�� {�Y{(Taiz and Zeiger, 

������9DULHU�et al., 2010) .   
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�ÓZeZ¯  
ÊÀ »�Ä]�ÄmÂe�Z]�¶]Z¬f»��iY�Á�Ê¸�Y�cY�iY�½|���Y{

�Ìa� Á� �Àe�Ä¿YÂm�� ½{�¯�Y{)� µÁ|m�(�Ä�ËZ¬»� ,
Ã{Y{� ¾Ì´¿ZÌ»��{� Ä¯� {Y{� ½Z�¿� �ÓZeZ¯� ºË�¿M� ÉZÅ

�Àe� ½Á|]� �ËY���ºË�¿M� ¾ËY� dÌ·Z §��Ìa� �{��Z¼Ìe 
�Ìa��Y��f�Ì]�Ê¿Â»�ÂÅ��Ìa�½Á|]�Á�[M�Z]��Z¼Ìe���Z¼Ìe

�{Â])�µÁ|m� .(d�¸£�¾Ì]�ÉZÅ����Á��� ��{�d¼�«
ÂÌ¸Ì»�½)ppm( �¥ÔfyY��ÓZeZ¯�dÌ·Z §� �{�¾ÌÀÌ¯ÂfÌ�
ÊÀ »½M�dÌ·Z §�½Y�Ì»� Z»Y�|�¿� Ã|Ë{�É�Y{��Y� �f¼¯� ZÅ

�{Â]�¾ÌÀÌ¯ÂfÌ��d�¸£�¾Ë�eÓZ])Á|m�µ� .(��ËY����{
�ÉZÅ�~]� �{� �ÓZeZ¯� dÌ·Z §� ¾Ë�f¼¯� Ê°�y� �Àe

�Ìa�Ä¿YÂm��Y{ ÊÀ »� ¥ÔfyY� Ä¯� |�� Ã|ÅZ�»� Ã|�¿-

{�]�Z¯��Y�¶�Zu��Ë{Z¬»�Z]�É�Y{�� ÂÌ¸Ì»��{�d¼�«�½
)ppm( �d�Y|¿� Ê°�y� t��� Ä�� �Å� �{� ¾ÌÀÌ¯ÂfÌ�
)� µÁ|m� .(d�¸£� ¾Ì]� ÉZÅ���� Á��� ��{� d¼�«

ÂÌ¸Ì»� ½)ppm( Z¼e� �{� ¾ÌÀÌ¯ÂfÌ��Ê°�y� sÂ��� ¹
ÊÀ »� cÁZ¨e�Ìa� Z]� Z»Y� |�¿� Ã|ÅZ�»� É�Y{�Ä¿YÂm���Y{

ÊÀ »�¥ÔfyY��[M�Z]�½{�¯Ä]�{Â]��Y{É�Â��½Y�Ì»�Ä¯
½M��{��ÓZeZ¯�dÌ·Z §�Ìa��Y��f�Ì]�ZÅ�Ä¿YÂm��½{Â¼¿��Y{

�Ìa���Y��f¼¯�Á��[M�Z]�Ä¿YÂm��Y{ �Z]�½{�¯��� �d¼�«
ÂÌ¸Ì»��{�½)ppm( �{Â]�¾ÌÀÌ¯ÂfÌ�)�µÁ|m� .(ÊeÂÌm��Á
�®Ì·Z» (Jyoti and Malik, 2013)��dÌ·Z §��{��ÅZ¯
ºË�¿M�{� Y�� �ÓZeZ¯���Y�³� �~]� µYÁ�� |ÀËM�§� ½ZË�m
Ã{�¯|¿Y .Ã{�¯� ½ZÌ]� ¾Ì¬¬v»��Ë�� ¶Ì°�e� � Ä¯� |¿Y

��{�½M��fÀ��¶Ì¼°e�Á�º�ÔaÂfÌ���{��ÓZeZ¯�ÉZÅ|uYÁ
Ê�¯Y�aÊ»� c�Â�� ¹Á��|ÀËM�§� ½ZË�m� �{� Á� {�Ì³
Ä]� ,µYÁ�ËÂfv»� kÁ�y� ¶Ì·{�Á� Z�£� �Y� º�ÔaÂfÌ��cZ
\Ì�M®»Y|¿Y� Ä]� Ã{�YÁ� ÉZÅ�Äy�q� ,µÂ¸�� ÉZÅ

Ê¼¿� ¶Ì¼°e� ºË�¿M� ¾ËY� dyZ�{{�³ .�Ìa�Ä¿YÂm��Y{ 
�ºÌ»�e� Á� �fÀ�� ªË��� �Y� d�Y� �{Z«� �~]� ½{�¯
��Y� Ê�z]� ,�~]� �{� {ÂmÂ»� ÊÀÌXeÁ�a� ÉZÅ�ZfyZ�

��Àe� c|�� �Y� Á� Ã{Â¼¿� ½Y�^m� Y�� Ã{�YÁ� cY�Z�y
¾ËY��Y�Ê�z]� ,|ÅZ°]�ÂÌeY|Ì�¯Y���{�{Â^Æ]���Âe��Z¯

ºË�¿M� dÌ·Z §Ê»� ¹Zn¿Y� Ê¿Y|Ì�¯Y� Êf¿M� ÉZÅ�{Â�
(Kibinza et al., ������-LVKD�et al., ������;LD�et al., 

2015) .� ½Y�Z°¼Å� Á� Y�ÀÌ^Ì¯(Kibinza et al., 2011)�
��ÉZÅ�~]� �{� �ÓZeZ¯� ºË�¿M� dÌ·Z §� �{� �ËY�§Y

�Ìa�Ä¿YÂm��Y{ �¹|À³�~]� µYÁ�� ½ZË�m� �{� Y�� Ã|�
��Y�³�|¿{�¯ .½MÉ|Ì¸¯�Y���ÓZeZ¯�ZÅ��{�ºË�¿M�¾Ë�e

��ZÆ�Y�Á�|¿{Â¼¿��¯}�µYÁ��Ê¨À»�cY�iY��ÅZ¯�dÆm
�¶Ë|^e� Ä¨Ì�Á� � �ZeÂ¼�Ë{|Ì�¯Y�aÂ�� |Àf�Y{
�½�Á�|ÌÅ|Ì�¯Y�a� Á� ½�Ì�¯Y� Ä]� Y�� ½ÂÌ¿M� |Ì�¯Y�aÂ�

{�Y{� Ã|Æ��] .��{� �ZeÂ¼�Ë{|Ì�¯Y�aÂ�� dÌ·Z §� �³Y
¿M�Ä]��ZÌ¿�µÂ¸��,|�Z]�{Ây�t���¾Ë�eÓZ]��ÓZeZ¯�ºË�

�dÌ·Z §� ��Âe� Ã|�� |Ì·Âe� ½�Á�|ÌÅ|Ì�¯Y�a� Ze� {�Y{
�ÄË�ne� ½�Ì�¯Y� Á� [M� Ä]� Y�� �ZeÂ¼�Ë{|Ì�¯Y�aÂ�

�ÅZ¯� c�Â�� �{� ,|ËZ¼¿ ��{� �ÅZ¯� ZË� Á� dÌ=¼¯
Ê»�c�Z�y��Zq{�µÂ¸��,�ÓZeZ¯�dÌ·Z §{Â� .�¾ËY�]ZÀ]

ºË�¿M� �ËZ�� Ä]� d^�¿� �ÓZeZ¯� dÌ¼ÅY�Êf¿M� ÉZÅ
Ä]��Â�y�¾ËY��{�Ê¿Y|Ì�¯Y]Âyd�Y�½ZËZ¼¿�Ê .  

  
�ZeÂ¼�Ë{|Ì�¯Y�aÂ�  

 �ËZ»�M�lËZf¿��Z�Y�], ºÅ�]�Á�Ê¸�Y�cY�iY�À¯ 
�Ìa��Z¼Ìe�� Áy�°� µZ¼fuY� t��� �{� Ê����]� |��{

�ºË�¿M�¾ËY�dÌ·Z §ÊÀ »��Y{�{Â])�µÁ|m� .(��ËY����{
d�¸£� �{� �ZeÂ¼�Ë{|Ì�¯Y�aÂ��dÌ·Z §� ,�Àe� ¹|�-

�ÉZÅ���� Á��� ÂÌ¸Ì»� �{�d¼�«�½)ppm( �¾ÌÀÌ¯ÂfÌ�
¨eÊÀ »�cÁZ��f�Ì]�dÌ·Z §�¾ËY�½Y�Ì»� Z»Y�d�Y|¿�É�Y{

�Ìa� �Y��Z¼Ìe � d�¸£�dÌ·Z §� �Y� �f¼¯� Á� [M� Z]��� 
ÂÌ¸Ì»� �{� d¼�«� ½)ppm( {Â]� ¾ÌÀÌ¯ÂfÌ� .�Ê���]
y�¦¸fz»�sÂ���°Ê��c|���ËY�§Y�Z]�Ä¯�{Y{�½Z�¿

�ÉZÅ�~]� �{� �ZeÂ¼�Ë{|Ì�¯Y�aÂ�� dÌ·Z §� �Y� �Àe
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�Ìa�Ä¿YÂm��Y{ �Ìa� Á� Ã|��Ä¿YÂm�Ã|�¿� �Y{��|�� Äf�Z¯
)� µÁ|m� .(Ä]� d�¸£� ÉZÀjf�Y�� ÂÌ¸Ì»� �{� d¼�«�½
)ppm( �Ìa��iY� ,¾ÌÀÌ¯ÂfÌ��¾ÌÀÌ¯ÂfÌ��½Â»�ÂÅ� �Z¼Ìe

�Ìa� �Y� �f�Ì]�ºË�¿M�¾ËY�dÌ·Z §� �]�Ä¿YÂm��Z]� ½{Â¼¿� �Y{
{Â]�[M  .Z]��ËY�§Y��dÌ·Z §� ½Y�Ì»�¾ÌÀÌ¯ÂfÌ��d�¸£

Ê»Z¼e� �{� �Ì¿� �ZeÂ¼�Ë{|Ì�¯Y�aÂ�� ºË�¿M��sÂ��
°�y� ÊZË� {Â^Æ]d§ .�,µYÁ�� |ÀËM�§� �{� Ä¯� Zn¿M� �Y

®»Y|¿Y� Ä]� É{ZË�� cZ»|��Ê¼�ÔaÂfÌ�� ÉZ�£� Á� ZÅ
Ê»� {�YÁ�aÂ��ºË�¿M�dÌ·Z §� �{��ÅZ¯� ,{Â� |Ì�¯Y 

Ê»� w�� �Ì¿� �ZeÂ¼�Ë{|Å{ .d�Y� �¯}� ¶]Z« ��Y� Ê°Ë
®»Y|¿YÊ»�\Ì�M��Zq{�µYÁ��½ZË�m��{�Ä¯�ÊËZÅ�{Â�

É�|À¯ÂfÌ»Ì·Âe�Á��¨Àe�Ä¨Ì�Á��]�ÃÁÔ��Ä¯�Ã{Â]�ZÅ�|
�µÂ¸�� �{�ºË�¿M�¾ËY� |Ì·Âe� �¯Y�»�¾Ë�f¼Æ»� �Y� ,É��¿Y

Ä]Ê»��Z¼�|¿Á� .�½Y�Z°¼Å�Á�ZË��Ä¯�É�Â��Ä](Xia et 

al., 2015) �Ä¿Â³� ½{Á{����Âe� ½�Ì�¯Y� µZ §� ÉZÅ
�Y��É�|À¯ÂfÌ»��{�{ÂmÂ»��ZeÂ¼�Ë{|Ì�¯Y�aÂ��ºË�¿M
�¥ÓÂË�ÉZÅ�~]��{�Ê¼Ë�¿M�dÌ·Z §�{Â^Æ]�Ê¸�Y�d¸�

�Ê�Y��(Avena sativa) �Ê»|À¿Y{ .�½Y�Z°¼Å�Á�|¿Â�Ì�
(Eisvand et al., 2010)�Ä¯� |Àf§ZË�{� �Ì¿ �Ìa��Z¼Ìe

� ��Âe� ½Á�ËZaÁ�³M� ÉZÅ�~]½Â»�ÂÅ�,¾Ì·�^Ìm� ÉZÅ
Á�¾ÌÀÌ¯ÂfÌ���ÉZÅ�d�¸£��{�\Ìe�e�Ä]�®Ë�Ì�]M�|Ì�Y

���,�����Á��� ��{�d¼�«�½ÂÌ¸Ì»)ppm( ��Àe�dve
Ê°�y )�/�-�µZ°�ZaZ´»(� ,� d�¿YÂe�ºË�¿M� dÌ·Z §
ÊËZÅ��Ì�¿ :�|Ì�¯Y�aÂ��Á��Zf¯Á{��½ÂÌeZeÂ¸³�,�ÓZeZ¯

��ËY�§Y� Y�� �ZeÂ¼�Ë{��Y�Ê�Z¿� ÂÌeY|Ì�¯Y��Àe� Á�|Å{
�¶«Y|u�Ä]�Y��Ê°�yÁ�µYÁ�|¿Z��.  

 
�Y|Ì�¯Y�a�cZ]�Â°�M  

�Ìa��Á�Ê°�y��Àe�Ê¸�Y��iY�Ä¿YÂm�É�Y{ Ä]�ÃY�¼Å
½M� ¶]Z¬f»�iY��{� �Y|Ì�¯Y�a�cZ]�Â°�M�dÌ·Z §� �]� ZÅ

ÊÀ »�|��{�®Ë�t��{�|���Y)�µÁ|m� .(Ä]É�Â�-

Ä]�dÌ·Z §�¾Ë�f�Ì]�,�Àe�½Á|]��ËY����{�Ä¯��{�\Ìe�e
d�¸£� ÉZÅ���� ,��� ÂÌ¸Ì»� �{� d¼�«� ½)ppm( 

�Ìa� ,¾ÌÀÌ¯ÂfÌ��Ä¿YÂm�Á�[M� Z]� ½{Â¼¿� �Y{�� �d¼�«
ÂÌ¸Ì»� �{� ½)ppm( |Ë{�³� ¶�Zu� ¾ÌÀÌ¯ÂfÌ��Ä¯

Ä]� Y�� �Y|Ì�¯Y�a� cZ]�Â°�M� dÌ·Z §� |Àf�¿YÂe�\Ìe�e
��/��� ,��/��� ,��/���� Á��/����Ä]� d^�¿� |��{

� |ÀÅ{� �ËY�§Y� |ÅZ�)� µÁ|m� .(�¾Ì]� Ä¯� |Àq� �Å
d�¸£� ÉZÅ���� Á��� ÂÌ¸Ì»� �{� d¼�«� ½)ppm(�

�Ìa�¾Ì]��´Ë{�ÉÂ���Y�Á�¾ÌÀÌ¯ÂfÌ��Ä¿YÂm��Z]�½{�¯��Y{
d�¸£�Á�[M�� ÂÌ¸Ì»��{�d¼�«�½)ppm( �¾ÌÀÌ¯ÂfÌ�
ÊÀ »�cÁZ¨e� |�¿� Ã|Ë{�É�Y{)� µÁ|m� .(�¶Ì�¿Zfa� �{

�/� -�»,µZ°�ZaZ´�]¾Ì d�¸£ÉZÅ ���� Á��� �d¼�«
ÂÌ¸Ì»� �{� ½)ppm( ®Ë� �Y� ¾ÌÀÌ¯ÂfÌ��¾Ì]� Á� Â�

�Ìa�Ä¿YÂm��d�¸£�Á� �[M�Z]�½{Â¼¿��Y{�� ��{�d¼�«
ÂÌ¸Ì»� ½)ppm( ÉÂ�� �Y �´Ë{�À »� ¥ÔfyYÊ�Y{É�

|�¿�Ã|ÅZ�» )�µÁ|m� .(�{ �¶Ì�¿Zfa�/� -��µZ°�ZaZ´»
� ¶Ì�¿Zfa� Ä]Z�»� ÊfÌ �Á� �Ì¿�/�-�ÂmÁ� µZ°�ZaZ´»�{

� d�Y{)� µÁ|m� .(�Â�� Ä]É�� Ä¯�Ìa� ¾Ì]�Ä¿YÂm���Y{
� t��� Á�[M� Z]� ½{�¯�� ÂÌ¸Ì»� �{�d¼�«� ½)ppm( 

Á�¾ÌÀÌ¯ÂfÌ��]¾Ì��sÂ�������Á��� ÂÌ¸Ì»��{�d¼�«�½
)ppm( ¾ÌÀÌ¯ÂfÌ��À »�¥ÔfyYÊ{Â^¿� �Y{ )�µÁ|m� .(
�{ � ¶Ì�¿Zfa�/�-�d�¸£� ¾Ì]� ,µZ°�ZaZ´»� ÉZÅ����Á
��� ÂÌ¸Ì»� �{�d¼�«� ½)ppm(�Ì�� �YÊeÁZ¨e� ¾ÌÀÌ¯Âf 

{ÂÆ�» {Â^¿ .e� Ä¯� |Àq�ÅÉZÅ�Z¼Ì�{Z¬»� �Â¯~»�Ë 
É�f�Ì] Y���d^�¿Ä] �Ìa�Z]��Z¼Ìe [M Á |ÅZ� �Y {Ây 
½Z�¿ |¿{Y{ .�{ ¹Z¼e sÂ�� ,Ê°�y ¾Ë�eÓZ] d�¸£ 
�Z°] Äf§� ½Â»�ÂÅ ¾ÌÀÌ¯ÂfÌ� ¾Ë�f�Ì] dÌ·Z § ºË�¿M 

cZ]�Â°�M �Y|Ì�¯Y�a�� Y�Ä]{Ây �Z�fyY {Y{ Á Z] 
�ËZ� Å�Z¼ÌeZ Ä] �Zv· É�Z»M ¥ÔfyY ÊÀ »É�Y{ 

�d�Y{)� µÁ|m� .(cZ]�Â°�M �Y|Ì�¯Y�a �] ¥Ôy 
�ÓZeZ¯ Ä¯ ZÆÀe �{ ¹Á�Ì�¯Y�aZÅ �fÀ� Ê»,{Â� 
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¶«Y|u�Y lÀa�Y¹�§Á�Ë�°�e� cÁZ¨f»¶Ì���{� Ä¯� Ã|�
e� |ÌWÂ¯ÔÌ(tAPX)ÉZ�£� , Ê¸³� ¹Á�Ì�¯Y(gmAPX)�,

ÉZ»Á�f�Y �d�ÔaÁ�¸¯(sAPX)�Á �µÂ�ÂfÌ�(cAPX)�
��fÀ Ê»,{Â� �É�f¼¯�\Ì�M�µYÁ��½ZË�m��{�¾ËY�]ZÀ]

Ê»� �ÓZeZ¯� Ä]� d^�¿µZ°Ë{Y�� d�Y� �{Z«� Á� |ÀÌ]�ÉZÅ
|ËZ¼¿� ÊjÀy� Y�� É�f�Ì] .Ê»� ½Z�¿� cZ ·Z�»��Ä¯� |Å{

�Ìa�Ä¿YÂm��ºÌ»�e�Ä]��nÀ»�Äf§ZË�µYÁ��ÉZÅ�~]�½{�¯�Y{
DNA� ,RNA¾ÌXeÁ�a� ,�dÌ·Z §� �{� {Â^Æ]� Á� ZÅZ�£� ,ZÅ
ºË�¿M,�Z¿�Á�|ÌÅ{� ÉZÅ��,�Y|Ì�¯Y�a� cZ]�Â°�M

Ê»��ZeÂ¼�Ë{|Ì�¯Y�aÂ��Á��ÓZeZ¯{{�³ .(Varier et 

al., ������ -LVKD� et al., 2013)��½Y�Z°¼Å� Á� É{Y�M
(Azadi et al., 2013)��Ìa��Ì¿�ÉZÅ�~]�Ê¿Â»�ÂÅ��Z¼Ìe

�dÌ·Z §� {Â^Æ]� �{� �iR»�Ê¸»Z�� Y�� ¹Â³�Â�� Äf§ZË� µYÁ�
ºË�¿M�{� ,�Y|Ì�¯Y�a� cZ]�Â°�M� Á� �ÓZeZ¯� ÉZÅ�

�Ìa�ÉZÅ�~]�Z]�Ä�ËZ¬»�Ä¿YÂm��Y{ |¿{�¯���Y�³�Ã|�¿.   
  

®Ë�Â·ÂË�Ì§�Á�®Ë�Â·Â§�Â»�cZ¨��Ê´f�^¼Å  
�¦¸fz»� sÂ��� �{� Ê´f�^¼Å� \ËY��� Ê���]
�Á�d^j»� Ê´f�^¼Å� ,Ê°�y��ËY���dve� ¾ÌÀÌ¯ÂfÌ�

ÊÀ »Ä¿YÂm|��{�¾Ì]�É�Y{¾]�¯�ÉZÅ�cY�|ÌÅ�Z]�Ê¿��
¾ÌXeÁ�a� ÁºË�¿M� ¾ÌÀr¼Å� Á� µÂ¸v»� ÉZÅ�Êf¿M� ÉZÅ

�{Y{�½Z�¿� Y��Ê¿Y|Ì�¯Y)�µÁ|m� .(�Ê´f�^¼Å�¾Ë�f�Ì]
cY�|ÌÅ�Ä]�ª¸ f»�¾]�¯�ÉZÅ��{Â]�µÂ¸v»)**��/� r= .(
� Ê·Zu�{� ¾ËYÄ¿YÂm|��{� ¾Ì]� Ä¯{Â]�dËY|Å� Z]� Ê¿�

É{�½Â·Z»�ÉYÂfv»�Á�Z�£�Ê°Ë�f°·Y�Ê´f�^¼Å�|ÌÅ|·M
ÊÀ »�Á�Ê¨À»�|��Ã|ÅZ�»�É�Y{)**��/�-r= .(�Á�ÃÁ|¿M

ZeZ]Â¯ (Andoh and Kobata, 2002) ��d^j»�Ê´f�^¼Å
Ä¿YÂm�d����Á�|��{�¾Ì]��Ìa�ÉZÅ�~]�Ê¿��Ä¿YÂm���Y{

�µÂ¸v»� ÉZÅ|À«� ÉYÂfv»� Z]� Y�� l¿�]� Á� ¹|À³� Ã|�
|¿{�¯���Y�³ .Ä¿YÂm� ½Z»�� ��Âf»��Àe�dve� Ê¿�

ÊÀ »� Á� d^j»� Ê´f�^¼Å� Ê°�y�dËY|Å� Z]� É�Y{
� Z�£� Ê°Ë�f°·Y)**��/�r= (É{� ½Â·Z»� ÉYÂfv»� Á-

|ÌÅ|·M )**��/�r= (ÊÀ »�Á�Ê¨À»�Ê´f�^¼Å�Á�Z]�É�Y{
cY�|ÌÅ¾]�¯�ÉZÅ��µÂ¸v»)**��/�-r=(,�¾ÌXeÁ�a�ÉZÅ
� µÂ¸v»)**��/�-r= (ºË�¿M� ¾ÌÀr¼Å� Á��ÓZeZ¯� ÉZÅ

)**��/�-r=(�ZeÂ¼�Ë{|Ì�¯Y�aÂ�� ,)**��/�-r= (Á 
cZ]�Â°�M � �Y|Ì�¯Y�a)**��/�-r= (d�Y{ .�Á� �Ì»{
�½Y�Z°¼Å(Demir et al., 2012)��Ä¯�|Àf�Y{��ZÆ�Y�¾Ì]

Ä¿YÂm� ½Z»�� ��Âf»�µÂ¸v»� Ê°Ë�f°·Y� dËY|Å� Á� Ê¿�
É{�½Â·Z»�ÉYÂfv»�Á�ZÅ�~]�Á�d^j»�Ê´f�^¼Å�|ÌÅ|·M

ÊÀ »{�Y{�{ÂmÁ�É�Y{ .Ä¿YÂm�d����¾Ì]�Ê´f�^¼Å-

Ä¿YÂm|��{�Ä]Z�»�cZ¨���ËZ��Á�Ê¿��{Â]�Ê¿�)�µÁ|m
�.( �cZ¨�� Á� ÄrÅZÌ³� µÂ�� ¾Ì]� Ê´f�^¼Å� \ËY��

Å�¾Ë�f�Ì]�Ä¯�{Y{�½Z�¿�®Ë�Â·ÂË�Ì§�Á�d^j»�Ê´f�^¼
ÊÀ »cY�|ÌÅ� Ä]� ª¸ f»� �Y{¾]�¯� ÉZÅ��µÂ¸v»

)**��/�r= (ÊÀ »�Á�Ê¨À»�Ê´f�^¼Å�¾Ë�eÓZ]�Á�Ä]��Y{
É{� ½Â·Z»� ÉYÂfv»�Ê´f�^¼Å� \Ë��� Z]� |ÌÅ|·M

**��/�-r=��d�Y{�ª¸ e)� µÁ|m�(.�� µÁZa(Powell, 

2010)���{��ËY�§Y�Á�Z�£�½ÂÌ�Y|Ì�¯Y�a�{�¯���Y�³
É{� ½Â·Z»� ÉYÂfv»|ÌÅ|·M, ��{� µYÁ�� ºWÔ�� Ä¸¼m� �Y

Ä¿Y{� ÉZÅ�~]Ê»� [Â�v»� ÊÀ£Á�� ÉZÅ�Ä¯� {Â�
Ä¿YÂm�½Z»����Âf»�Z]�d^j»�Ê´f�^¼Å�Ê´f�^¼Å�Á�Ê¿�

Ä¿YÂm�d����Z]�Ê¨À»|Àf�Y{�ÄrÅZÌ³�µÂ��Á�Ê¿�. ��Z]
� µÁ|m� Ä]� ÄmÂe�,��Ê·Â�� ÄÌÀ]� �yZ�� Ê´f�^¼Å

cY�|ÌÅ� Z]� ÄrÅZÌ³¾]�¯� ÉZÅ�µÂ¸v»)**��/�r=(�,
¾ÌXeÁ�a�µÂ¸v»�ÉZÅ)**��/�r= (ºË�¿M�Á��ÓZeZ¯�ÉZÅ

)**��/�r=(�ZeÂ¼�Ë{|Ì�¯Y�aÂ�� , )**��/�r= (�Á
��Y|Ì�¯Y�a�cZ]�Â°�M)**��/�r= (ÊÀ »�Á�d^j»�Á��Y{

LZ�£� Ê°Ë�f°·Y� dËY|Å� Z])**��/�-r= (�ÉYÂfv»� Á
É{�½Â·Z»�|ÌÅ|·M)**��/�-r= (ÊÀ »�Á�Ê¨À»{Â]��Y{.  

� ½Y�Z°¼Å� Á� Z�Ìm(Jisha et al., 2013)�� �ZÆ�Y�|Àf�Y{
�Ìa� ÉZÅ�~]� Ä¯�Ä¿YÂm��Y{ ½Â»�ÂÅ� Z]� Ã|��|��� ÉZÅ

�Ä]�d^�¿�É�eÓZ]��~]�ÄÌÀ]��Y�¾ÌÀÌ¯ÂfÌ��Á�¾Ì·�^Ìm��Ì�¿
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�Ìa� ÉZÅ�~]�Ä¿YÂm��Y{ ��Àe� �ËY��� dve� Ã|�¿
��ËY�§Y�Z]�Ê¼Ì¬f�»��Z^e�Y��»Y�¾ËY�Ä¯�|¿{Â]��Y{�Ây�]

ºË�¿M�dÌ·Z §��Â° »�Ê�Z^e�Y�Á�Ê¿Y|Ì�¯Y�Êf¿M�ÉZÅ
� {YÂ»�d�¿� Z]É{� ½Â·Z»�ÉYÂfv»�ÉYÂfv»� Á� Z�£� �Y-

d�Y�Äf�Y{�ZÅ�~]��{�Ã|�|Ì·Âe�|ÌÅ|·M .�ÊÆ]Z�»�lËZf¿
�½Y�Z°¼Å�Á�c{ZÌ����Âe��Ì¿(Siadat et al., 2015) �

d�Y�Ã|����Y�³.  

 �µÁ|m� -�Ê°�y��ËY����{�ÊÀÌ»��¹Y{Z]�ÉZÅ�~]�®Ë�Â·ÂË�Ì§�Á�®Ë�Â·Â§�Â»�cZ¨��¾Ì]�Ê´f�^¼Å�\ËY��  
Table 4-  Correlation coefficients between morphological and physiological traits of groundnut under 

drought stress 
®Ë�Â·ÂË�Ì§�cZ¨�  

Physiological traits     
                                    

               cZ¨� 

                ®Ë�Â·Â§�Â»   

Morphological traits 

�dËY|Å
°Ë�f°·YÊ 

Electrical 
conductivi

ty 

cY�|ÌÅ�¾]�¯�ÉZÅ
µÂ¸v»  

Carbohydrates 

�ÉZÅ�¾ÌXeÁ�a
µÂ¸v» 

Soluble 
proteins 

É{�½Â·Z»�ÉYÂfv»|ÌÅ|·M  
Malondialdehyde 

content 

�dÌ·Z §
�ÓZeZ¯  

Catalase 

�dÌ·Z §
|Ì�¯Y�aÂ�  
�ZeÂ¼�Ë{  

Superoxide 
dismutase 

 

�dÌ·Z §
cZ]�Â°�M  
�Y|Ì�¯Y�a  

Ascorbate 
peroxidase  

 
Ê¿��Ä¿YÂm�|��{ 

Germination  
Percentage 

-0.92 ** 0.96 ** 0.93 ** -0.92 ** 0.88 ** 0.93 ** 0.88 ** 

Ê¿��Ä¿YÂm�½Z»����Âf»  
Mean Germination 

Time 
0.89 ** -0.97 ** -0.95 ** 0.98 ** -0.86 ** -0.95 ** -0.85 ** 

Ê¿��Ä¿YÂm�d��� 

Germination Rate 
-0.89 ** 0.97 ** 0.94 ** -0.97 ** 0.87 ** 0.96 ** 0.86 ** 

ÄrÅZÌ³�µÂ�  
Seedling Length 

-0.48 ** 0.67 ** 0.65 ** -0.72 ** 0.47 ** 0.64 ** 0.44 ** 

ÄÌÀ]��yZ�  
Vigor Index 

-0.81 ** 0.92 ** 0.88 ** -0.91 ** 0.78 ** 0.89 ** 0.77 ** 

ns,**,* ÊÀ »�,�\Ìe�e�Ä]µZ¼fuY�t����{��Y{�ÊÀ »�¥ÔfyY�½Á|]�Á�|��{�®Ë�,|��{�lÀa�Y{  
ns,**,* Respectively non-significant and significant of 1 and 5 percent of probability 

  
É�Ì³�ÄnÌf¿  

��Á� �~]� µYÁ�� Ê¨À»� cY�iY� ��Zu� �ËZ»�M� �{
�Ìa� �Y� Ã{Z¨f�Y� Z]� Ê°�y� �ËY�� �Z¼Ìe �½Â»�ÂÅ

ºË�¿M� dÌ·Z §� �ËY�§Y� \^�� ¾ÌÀÌ¯ÂfÌ��,�ÓZeZ¯� ÉZÅ
Ä]�Á��ZeÂ¼�Ë{|Ì�¯Y�aÂ���Y|Ì�¯Y�a�cZ]�Â°�M�Ã�ËÁ

Ä¿YÂm�cZÌ�Â�y�{Â^Æ]�Ä]��nÀ»�Ä¯�|���d����,Ê¿�
Ä¿YÂm�|Ë{�³��~]�ÄÌÀ]�Á�Ê¿� .Ä]��{�]�Z¯�Ä¯�É�Â���� 

ÂÌ¸Ì»��{�d¼�«�½)ppm(��d^j»��iY�¾Ë�f�Ì]�¾ÌÀÌ¯ÂfÌ�

�f»Y�Za�{Â^Æ]��Â�y��{�ZÅ�d�¸£��ËZ��Ä]�d^�¿�Y�-

Â»� ÉZÅ�µYÁ�� ÉZÅ�~]� Ê°Ë�Â·ÂË�Ì§� Á� Ê°Ë�Â·Â§�
d�Y{� ÊÀÌ»�� ¹Y{Z]� Äf§ZË  .�½Â»�ÂÅ� �Z¼Ìe� �Ìa� Y~·

�Ê¨À»�cY�iY��ÅZ¯�dÆm��Â¯~»�d�¸£�Z]�¾ÌÀÌ¯ÂfÌ�
�|�Z�»Z¿� �ËY��� �{��Â�y� Ä]� �~]� µYÁ�� �Y� Ê�Z¿
�¶]Z«�ÊÀÌ»��¹Y{Z]�ÉY�]�Ê°�y��Àe�Ä¸¼m��Y�Ê�Ìv»

d�Y�ÄÌ�Âe.  
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