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Ä¿Y�fË|» �cÓÁ�¿���Âf»�Z]�Á�d�Y�ÉY����Ê¸Ì» »��{��f

��Y�«�½ZÆm�®�y�Ä¼Ì¿�Á�®�y�ª�ZÀ»�Ã�»���{�µZ�
�d�Y� Äf§�³)Heidari Sharifabad, 2008.(�Àq� �{�¾Ì

�Ä¿Y{� ½|��a� Ä¸u�»� �{� Ê°�y� �Àe� �Â«Á� Ê¬�ZÀ»
Á�d�Y� �Ë~aZ¿� [ZÀfmY� É�»Y� ¹|À³��Y ��ÅZ¯� ªË��

� |��� d���)Galle et al., 2010(� ,��d�����ÅZ¯
� �fÀ�Âf§)Yang and Zang, 2006 (�É�Ìa� �Ë��e� Á

±�]ZÅ )Martinez et al., 2003 (�½�Á��ÅZ¯�\^�
� {�°¸¼�� d§Y� Á� Ä¿Y{)Abdoli and Saeidi, 2012 (
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�Äf§�³��Y�«� ÄmÂe�{�Â»��ZÌ�]�½ZÅZÌ³��À¯YÁ�Ê]ZË��Y

� d�Y)Passioura, 2007 .(��Y� Ê°Ë� dÆm� ¾Ì¼Å� Ä]
�Á�®�y�ª�ZÀ»�¹|À³�\�ZÀ»�¹Z«�Y�Ä]�Ê]ZÌf�{�ÉZÆÅY�
�¾Ë�f¼¯� Ä¯� d�Y� Ê»Z«�Y� ÊËZ�ZÀ�� ,®�y� Ä¼Ì¿

{� Y��Ä¿Y{��Y�Å�½�Á�Á�{�°¸¼���ÅZ¯��Y�Á�|À�Z]�Äf�Y
Ä¿YÂm� ½YÂe� �´Ë{� ¥���ÊËÓZ]� |��� d���� Á� Ê¿�

|À�Z]� Äf�Y{. ½Â»�ÂÅÂfÌ§�Ä]� x�Za� �{� Ê¼Æ»��¬¿� ZÅ
�Àe�|¿�Y{�Ê�Ìv»�ÉZÅ)'DYLHV�� ������6KDUPD�et 

al., 2005 .(½Â»�ÂÅÂfÌ§� �YÂ¿Y� ¾Ì]� �{�µÁ|ÀËY� ,ZÅ
|Ì�Y�®Ìf�Y )IAA (�ÃZÌ³�|���ºÌ�Àe� �{�Ê¼Æ»��¬¿

¶ËÂ�� \^�� Á� {�Y{��ºf�Ì�� ��f�³� ,µÂ¸�� ½|�
ÊËZÆf¿Y�dÌ^·Z£��Á�]�Á�É|¿ÁM )Wang et al., 2001(�,
±�]�Ã�Y|¿Y�Á�{Y| e��{��ÌÌ¤e�ZÅ)Cleland, 1987 (Ê»-

{Â� .�Àe�Ä]��À¯YÁ��{�¾ÌÀr¼Å�Á�Ê°�y�Ä¸¼m��Y�ZÅ
�d�Y��iÂ»�É�Â�)Cleland, 1987 .(ºÌ�Àe Ê¿Â»�ÂÅ 

|�� Á º�Ì·Â]Zf» ÃZÌ³ Ã|ÌrÌa� �ZÌ�] Ã{Â] Á Zu�¶�
cY�iY ¾Ì]� ¶]Z¬f» ½Â»�ÂÅd�ZÅ )Lenoble et al., 

2004 .(� ,¾Ì]�¾ËY� �{�Z]��Àe��ËY��� �{�¾Ì�¯Y� �Y|¬»
|Ì�Y�®Ë�Ì�]M )ABA (�d�Y��Z^e�Y��{)Ribaut and 

3LOHW�� ������ ���� .(� Ê°�y� �Àe� Ê��d�¸£

Ê»� �ËY�§Y� �~]� ½Á�{� �{� |Ì�Y� ®Ë�Ì�]M��{� ,|]ZË
|Ì�Y�®Ìf�Y� µÁ|ÀËY�d�¸£� Ê�ËY��� ¾ÌÀq��®Ë� Ä¯

¶°�� �{� É|Ì¸¯� |��� Ã|ÀÀ¯� ºÌ�Àe��c�|«� É�Ì³
Ê»��ÅZ¯�c|��Ä]� ,d�Y�½�z»�|]ZË)Yang et al., 

������ 6DHLGL� et al., 2006 (� d�¸£��ÅZ¯� ÁIAA�
d�¸£� dve� ÉÓZ]� ÉZÅABA �cZ¬Ì¬ve� Êy�]� �{

�d�Y�Ã|����Y�³��Ì¿��´Ë{)Kaldecova and Falws, 

2000( .�{�Â»�¾ËY��{�½Y�Z°¼Å�Á���Z¿)Naseer et al., 

2001 (µÂ¸v»� �ÌiZe� Ê���]� Z]�®Ìf�Y� µÁ|ÀËY� Ê�Za
�|Ì�Y)���Ê¸Ì»�fÌ·� �{�¹�³ (�¹Z«�Y� {�°¸¼��Á�|����]

�É�Â���Àe�dve� ¹|À³)�� ,���� Á����f»� �]�Ê�{ (
�¶Ì^«��Y�|���ÉZÅ�f»Y�Za�Á�{�°¸¼��Ä¯�|¿{�¯���Y�³
�t��� ,ÃZÌ³� �{�±�]� {Y| e� ,Ä�Ë��µÂ�� ,ÃZÌ³��Z¨e�Y

� {Y| e� ,ºq�a� ±�]�{Y| e� ,Ä¸^À�� µÂ�� ,�Á�Z]� ÄnÀa
�Á�Ä¿Y{��Y�Å�½�Á�,Ä¸^À���{�Ä¿Y{�{Y| e�,Ä¸^À���{�Är¸^À�
��ÅZ¯�É�Â��½Y�Ì»��ËY�§Y� Z]� ÄeÂ]� �{� Ä¿Y{� {�°¸¼�

µÂ¸v»�Ê·Á�,|Àf§ZË�É�f�Ì]�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za
� Á� É�Â�� �Z¼Ìe� µZ¼�Y� ½Z»�� �{����½M� �Y��a� �Á�

e� Ä¯� |��É�Â�� �Y� Ê�Z¿�cY�Z�y��ÅZ¯�\^���ÌiZ
µÂ¸v»ºÌ�Àe�Ê�Za�É�Â��µZ¼�Y�½Z»�� �{�|��� Ã|ÀÀ¯
{Â]��fÆ]. � �´Ë{�¥����Y�Z�u��Y�Ê°Ë �¶uY�»�¾Ë�e

Ä¿YÂm�½Z»��,ÃZÌ³�Ê³|¿� �Y�Ë��,d�Y�½|���^��Á�Ê¿�
�Ê�Ìv»�|�Z�»Z¿��ËY����� »��{��~]�Ä¸u�»�¾ËY��{

Ê»� �Y�«�¶°�»� �Zq{� Ä���»� �{� ÄeÂ]� �Y�¬f�Y� Á� {�Ì³
Ê» {Â� )Albuguerque and Carvalho, 2003 .(   

mÄ¿YÂ �¾ÌÌ e� �{� ÉY� Ã{Z ·Y� ©Â§� dÌ¼ÅY� �~]� Ê¿�
�Ä¯�É�Â�� Ä]� {�Y{�t���|uYÁ� �{� ÄeÂ]�ÊËZÆ¿� º¯Y�e

Ê»�d�|]�Ê¿Z»��t���|uYÁ��{�ÄeÂ]�Ê§Z¯�º¯Y�e�|ËM
�Ê§Z¯�d����Z]�Á�¶»Z¯��Â�]�Ã|��Äf�Z¯�ÉZÅ�~]�Ä¯

� |À¿�]� Ä¿YÂm)Baalbaki et al., 1990 .(�d�Y� ÊÆË|]
� ÊËZÅ�~]�Ä]� d»ÁZ¬»� �Y� ,�Àe� �ËY��� �{� |À¿YÂf]� Ä¯
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ÄeÂ]�ÊÆmÂe�¶]Z«��¬¿�{�°¸¼���ËY�§Y�Á�Ä���»��{�ZÅ

d�Y{�|ÀÅYÂy .½Y�Z°¼Å�Á��ZÀ¸³�cZ¬Ì¬ve )Gulnaz 

et al., 1999 (Ê»�½Z�¿�É�Â��c|���ËY�§Y�Z]�Ä¯�|Å{
Ä¿YÂm�½Y�Ì»��ÅZ¯� ¹|À³� �Á~]�Ê¿�Ê»�dve� Z»Y�|]ZË

|Ì�Y� ®Ìf�Y� µÁ|ÀËY� �ÌiZe )IAA (�®Ìf�Y� ¾Ì·Zf¨¿� Á
�|Ì�Y)NAA (Ê»�Äf�Z¯�½M�c�Z�y�½Y�Ì»��Y{Â� .��{

½Y�Z°¼Å� Á�É�^¯Y� {�Â»� ¾ËY )Akbari et al., 2007 (
�µÂ���ËY�§Y�\^��¾Ì�¯Y�{�]�Z¯�Ä¯�|¿{�¯���Y�³

Ä«Z��½�Á�Á�º«��Ä���{�ÄrÅZÌ³�®�y�Á��e�½�Á�Á�Äq
�Àe� dve� ¹|À³�Ê»� É�Â��¾ÌÀr¼Å� ,{Â�

YÂË|Ë�^»Z³Y )Egamberdieva, 2009 (�Ä¯� {�¯� ½ZÌ]
Ä�Ë��|����ËY�§Y�\^��|Ì�Y�®Ìf�Y�µÁ|ÀËY�{�]�Z¯-

Ä«Z��Á�ÄqÄrÅZÌ³��{�Äq��Àe��ËY����{�¹|À³�ÉZÅ
Ê»�É�Â�|Ë{�³ .�¥|Å�Ã|��Äf¨³�\·Z�»�Ä]�ÄmÂe�Z]

ºÌ�Àe� �iY� Ê���]� ªÌ¬ve� ¾ËY� ¹Zn¿Y� �Y�|��� Ã|ÀÀ¯
f�Y� µÁ|ÀËY�¶�§� ÉZÆf¿Y� Ê°�y� �Àe� Á� |Ì�Y� ®Ì

Ä¿YÂm� cZÌ�Â�y� Á� Ä¿Y{� {�°¸¼�� ÉÁ�] �¹Z«�Y� Ê¿�
¹|À³��Ã{Â]��Z^e�Y�¾ËY� �{� ¹|À³��e�]� ¹Z«�Y�[Zzf¿Y� Á
d�Y. 
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µZ��Ê����Zu�ªÌ¬ve�ÉZÅ�� -������Á��-�����

Ä���»� d¼�«� Á{� �{ ��Ë{�a� �{� ÊÅZ´�ËZ»�M� Á� ÉY
Y�� ÃZ´�¿Y{� Ê Ì^�� �]ZÀ»� Á� É��ÁZ�¯��ÃZ�¿Z»�¯� É�

|��Y�mY .�ÊËZÌ§Y�¤m������{�Ä¬�À»�¾ËY����Á�Äm�{
����ÊËZÌ§Y�¤m�µÂ��Á�Ê·Z¼��Ä¬Ì«{����Á�Äm�{���Ä¬Ì«{

�ZË�{��Y�½M��Z¨e�Y�Á�Ã|���«YÁ�Ê«�������d�Y��f».  
  

¦·Y (Ä���»��z] ÉY  
cÔa� dÌ¸b�Y� �ËZ»�M� \·Z«� �{� �ÅÁ�a� ¾ËY-

Â¸]� ÄËZa� �]� ¶Ë�Âf¯Z§��Ä�� Z]� Ê§{Z�e� ¶»Z¯� ÉZÅ

|�� Y�mY� �Y�°e .��Àe� ½Á|]� ¶»Z�� É�ZÌ]M� t��� Á{
)É|���¶uY�»�¹Z¼e��{�É�ZÌ]M (��Àe�Á)�É�ZÌ]M���«

� �Y��a���Ã{�³�|��{�¹Z«�Y�Ê¿Z�§Y (�¶»Z��½YÂÀ�� Ä]
� ,d�{Á�»� ,�Zf�Ìa�¶»Z�� ¹|À³� ¹Z«�Y� Á�Ê¸�Y�����Á

DN-11 µÂ¸v»� �Z¼Ìe� Z]� ÃY�¼Å� Ê�Za�®Ìf�Y� µÁ|ÀËY
e�Ä¸u�»�¶ËYÁY��{�®Ì°¨e�Ä]�|Ì�YÊ·Â¸��ºÌ�¬)Ã{�³-

Ê¿Z�§Y (Ä¿Y{�½|��a�Á�ZÅ)���Ã{�³��Y��a��Á�Ê¿Z�§Y (
c�¯� �{ |Àf§�³� �Y�«� Ê��§� ÉZÅ .�Ä]� �Á~]� d�¯

��{�ÄÌ»Z¿�ÃÂ«�Á�Ä¿Y{��Y�Å�½�Á��Z�Y��]�Á�Êf�{�c�Â�
� º¯Y�e� Z]� ÃZ»� ½Z]M� ¹Á{� Ä¼Ì¿������]�»� �f»� �{� ÄeÂ]

d§�³� c�Â� .��´Ë{� ½Z¬¬v»� lËZf¿� Ä]� ÄmÂe� Z]
)Hussain et al., 2011 (�d�¸£����µÁ|ÀËY��ÓÂ»Á�°Ì»

�|Ì�Y�®Ìf�Y)IAA (µÂ¸v»�dÆm|��Ã{Z¨f�Y�Ê�Za .
�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Y|f]Y�,½|��¶u��{�d·ÂÆ��dÆm

��{��Ê¸Ì»��Ä]���¬»�[M�Z]�Á�Ã|��¶u�{Â��µÂ¸v»��fÌ·
|�� Ã|¿Z��� ��¿� {�Â»� ºnu .�Êv��� [~m� dÆm

��Y��fÆ]���Ê·Y���f�Y�½ZËÂ»�½YÂÀ ]�µÂbÌe�Ã��«�Á�|��Ã{Z¨
���Âe�|���Ã|ÀÀ¯�ºÌ�Àe�½|��[~m��Y�½ZÀÌ¼�Y�dÆm

µÂ¸v»�¶¼�� ,ÃZÌ³��Ä]�Ê·YÂf»� �Á�� Ä�� ,ÄeÂ]�¶¯�Ê�Za
�½M��Ë���ÄË�ne��Y�É�Ì³Â¸m��Â�À»�Ä]�Á�|Ì»Zn¿Y�µÂ�
�[Á�£�½Z»���{�½Â»�ÂÅ���Za�,|Ì��Ây��Â¿���Âe

|�� ¹Zn¿Y� [Zf§M .�Á� Ä¿Y{� {�°¸¼�� É�Ì³�Y|¿Y� ÉY�]
�½M�ÉY�mY){��Y�Å�½�ÁÄ¸^À���{�Ä¿Y{�{Y| e�Á�Ä¿Y (��{

ÄÌ�Zu�¥~u��Y��a�Ê°Ë�Â·ÂË�Ì§�Ê³|Ì���Ä¸u�»��,ZÅ
� �Z¼Ìe� �Å� �Y����Á� Ã|��[Zzf¿Y�Ê§{Z�e� �Â�� Ä]� ÄeÂ]

Ã�Y|¿YÉ�Ì³�|¿|��¹Zn¿Y��Â¯~»�ÉZÅ.  
  
[ (ÊÅZ´�ËZ»�M��z]  

µÂ¸v»� Á� Ê°�y� �Àe� �iY� Ê���]� dÆm�Ê�Za
��]� Ä���»� �{� Ã|�� µZ¼�Y� |Ì�Y� ®Ìf�Y� µÁ|ÀËY

Ì�Â�yÄ¿YÂm� cZ �Ä]� Ê�ËZ»�M� ,¹|À³� ¹Z«�Y� Ê¿�
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��{�Ê§{Z�e�Ô»Z¯�s���\·Z«��{�¶Ë�Âf¯Z§�c�Â���
|�� ¹Zn¿Y� �Y�°e .�{�Â»� ÉZÅ�Âf¯Z§��ËZ»�M� ¾ËY� �{

µÂ¸v»� ½Z»�� Á� ¹Z«�Y� ,É�ZÌ]M� sÂ��� ¶»Z�� Ê���]-

|¿{Â]�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za .�É�fa�¥Á���Y|f]Y��
Ã|��Äf���,Ê³{Â·M�¥~u��Â�À»�Ä]�,É�f¼Ìf¿Z����{�Á

� ÉZ»{�����c|»� Ä]� Äm�{���|¿|�� ÁÔ¯ÂeY� Ä¬Ì«{ .
�ºË|��|Ë�¸¯ÂbÌÅ�µÂ¸v»��{��Ì¿��Á~]��  %�c|¼]���

�¶°·Y� Á� ÄÌ¿Zi��  %�c|¼]����Á� Ã|��Ê¿Â¨�|��ÄÌ¿Zi
|¿|��Äf�����¬»�[M�Z]��b� .�{Y| e�����Å��{��~]

�Ê§Z�� ~£Z¯� {|��®Ë� ½M�¦¯� �{� Ä¯��Ë{�É�fa
¬»� Á�|¿|��d�¯� ,{Â]�|�� Ã{Y{� �Y�«� �Y|����fÌ·�Ê¸Ì»

��Ìv»� ÉZ»{� Á� |Ë{�³� Ä§Z�Y� ZÅ� É�fa� Ä]� ��¬»� [M
�ÉÁ����|��ºÌ�Àe�{Y�´Ìf¿Z��Äm�{.  

Ä¿YÂm� �Á~]���Z¼��d�Z�� �{� Á� Ä¿Y�Á�� �Â�� Ä]� Ã{�
Ä�Ë�� Ä¯� É�Á~]� Á� |�� ¹Zn¿Y� ÊÀÌ » � Ä]� ZÆ¿M� Äq��

���Z¼�� Ã{��Ä¿YÂm��Á~]�½YÂÀ��Ä]� {Â]� Ã|Ì����f¼Ì¸Ì»
|¿|� .»Y{Y�ºf¨Å��Á�� Ze���Z¼��¾ËY��Y�| ]�Á�d§ZË�Ä

Ä�Ë�� Á� Är«Z�� µÂ�� Á�®�y� ½�Á� ,c|» �Ã�Y|¿Y� Äq
|��É�Ì³ .Ä¿YÂm�|��{�Ä^�Zv»�ÉY�]�Ä�]Y���Y�Ê¿���
�|��Ã{Z¨f�Y)Agrawai, 1991.(  

)�Ä�]Y��:(                                           GP = (Ng / Nt) × 100 
  

�Ä�]Y��¾ËY��{Ng Ä¿YÂm��Á~]�{Y| e��Á��Ze�Ã{�i ¹Y Á 
Nt Ê»��~]�¶¯�{Y| e|�Z].  

Ä¿YÂm� d���� Ä�]Y�� �Y� Ã{Z¨f�Y� Z]� Ê¿����Ä^�Zv»
�|Ë{�³)Belcher and Miller, 1974.(  

)�Ä�]Y��:(                                                       GR = Ó Ni / Di 
  

Ä·{Z »� ¾ËY� �{ Ni Ä¿YÂm� �~]� {Y| e��Å� �{� Ã{�
��Z¼�� ,Di Ze� �Á�� {Y| e���Z¼� i ¹Y Á i �cZ §{

d�Y���Z¼�.  
� Ä�]Y�� ª^�� �~]� ÄÌÀ]��yZ�� ¾ÌÀr¼Å��|�� Ä^�Zv» 

)Abdul-Baki and Anderson, 1970.(  

)�Ä�]Y��:(                                   SVI = (GP × SH) / 100 

  

Ä�]Y��¾ËY��{�Ä¯ GP Ä¿YÂm�|��{�Á�Ê¿�SH �µÂ�
�ÄrÅZÌ³)Ä�Ë��Á�Är«Z��µÂ���Â¼n»Äq (»Ê|�Z].  

��Y�§Y�¹�¿��Y�Ã{Z¨f�Y�Z]�É�Z»M�ÄË�ne�Á�cZ^�Zv»SAS 
�½Â»�M�Z]�¾Ì´¿ZÌ»�cZ�ËZ¬»�ÁLSD �t����{� %�¹Zn¿Y

|¿|�.  
 

hv]�Á�lËZf¿  
µÁY��ËZ»�M -�Ä���»��z]ÉY  

Ê�Y���cZ¨��Á�Ä¿Y{�{�°¸¼� 

¾Ì´¿ZÌ»� Ä�ËZ¬»��{�½M� LY�mY� Á� Ä¿Y{� {�°¸¼��ÉZÅ
� Ê���]� {�Â»� ¹|À³� ¦¸fz»� ¹Z«�Y)� µÁ|m� (�½Z�¿

º¯��Àe� Ä¯�|¿{Y{�\mÂ»���Âf»� �Â�� Ä]�Ê]M����Á
����Ä¿Y{� �Y�Å� ½�Á� Á� Ä¿Y{� {�°¸¼�� �{��ÅZ¯�|��{

|��Ê���]�{�Â»�¹Z«�Y .�Á�Ä¿Y{�{�°¸¼��½Y�Ì»���Âf»
�½Á|]� �ËY��� �{� Ê���]� {�Â»� ¹Z«�Y� Ä¿Y{� �Y�Å� ½�Á

�\Ìe�e� Ä]��Àe��/���Á�Ä¸^À���{�¹�³�/����{Â]�¹�³
Ê·Zu� �{�� �{� �Ë{Z¬»�¾ËY� Ä¯�Ä]�\Ìe�e� Ä]��Àe��ËY�

��/���Á�Ä¸^À���{�¹�³�/���|¿{�¯�Y|Ìa��ÅZ¯�¹�³ .
��Z�Y� �]� �ËY��� ¾ËY� �{� Ä¿Y{� {�°¸¼�� |Ë|���ÅZ¯

Äf§ZË�½Y�Z°¼Å�Á�É|Ì ��ÉZÅ)Saeidi et al., 2010 (�Ä¯
º¯� �Àe �¶uY�»� �{� Á� ¦¸fz»� sÂ��� �{� Y�� Ê]M

�dve�d¸��Ä]��f�Ì]�,|¿{Â¼¿�µZ¼�Y�Ä¿Y{�|���¦¸fz»
�Y�«��ÌiZe�Ä¿Y{�½|��a�ÉY�]�Ã{�Á�a�{YÂ»�¾Ì»Ze�¾f§�³ -

�Á�É�fÀ�Âf§�{YÂ»�[~m�ÉY�]�½�z»�c�|«��ÅZ¯�,ZÅ
Ê»� Ä¿Y{� |��� Ã�Á{��ÅZ¯� ¾ÌÀr¼Å|�Z] .�lËZf¿� ¾ËY

Äf§ZË�Z]�ª§YÂ»�¾ÌÀr¼Å�²¿Y��Á�²¿ZË�ÉZÅ)Yang and 

Zang, 2006(� ,½Y�Z°¼Å� Á� ÊËYÂ¬e )Tagvai et al., 

2007 (�É|Ì ��Á�Ê·|^��Á)Abdoli and Saeidi, 2012 (
Ê»|À�Z] .�¾ÌÀq��{�¹|À³�¹Z«�Y�Ä¿Y{��Y�Å�½�Á��ÅZ¯

�{�Â»�É�fÀ�Âf§�{YÂ»�¾Ì»Ze�¹|��Ã|ÀÅ{�½Z�¿�Ê�ËY��
Ä¿Y{� ÉZ�Z¬e Ê»� ZÅ |�Z] .�cZ ·Z�»� �{� Ê�À¯YÁ� ¾ÌÀq
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º¯��Àe��iY�Ê]MµÂ¸v»�ÁÄ¿Y{�|���¦¸fz»�¶uY�»��{�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za                  ...                                                    ��� 

d�Y�Ã|����Y�³��Ì¿��´Ë{ )Ehdaie et al��������E��

Ahmadi et al., 2009 a .(�¹Z«�Y�¾Ì]�©Â§�cZ¨����¿��Y
Y¥Ôfy ÊÀ »�d�Y{�{ÂmÁ�É�Y{)µÁ|m � (Ä]�É�Â� 

�Àe�Á��Àe�½Á|]��ËY���Á{��Å�dve�Ä¯ º¯��Y�Ê]M
¹Z«�Y� Ä¿Y{� {�°¸¼�� ��¿ DN-11� ,�����d�{Á�»� Á

� ¾Ë�f�Ì])� Z]� \Ìe�e� Ä]��/�� ,��/��� Á��/����{� ¹�³

Ä¸^À� (� Z]� �Zf�Ìa� º«�� Á��/���¾Ë�f¼¯� Ä¸^À�� �{� ¹�³
|¿{Â]�Y�Y{�Y���Y|¬» .Ê·Zu��{�Ä¯�Ä¿Y{��Y�Å�½�Á���¿��Y

¹Z«�Y DN-11�,�����¾Ë�f�Ì]��Zf�Ìa�Á)�Z]�\Ìe�e�Ä]���,
���� Á���¹�³ (� ¾Ë�f¼¯�d�{Á�»� º«�� Á)���¹�³ (

|Àf�Y{�Y��Ä¿Y{��Y�Å�½�Á.  

  

�µÁ|m�- µÂ¸v»�Á�º«��,É�ZÌ]M�sÂ���Ã{Z��cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�Ä¿Y{�{�°¸¼���]�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za)Ä¸^À���{�¹�³(�Á�,��Y�Å�½
�Ä¿Y{)¹�³ (¹|À³�¹Z«�Y�Ä¸^À���{�Ä¿Y{�{Y| e�Á.  

Table 1- Mean comparison of the effect of irrigation levels, cultivar and application of IAA on grain yield 
(g.spike-1), 1000 grain weight (g) and number of grains per spike in different wheat cultivars. 

ZÅ�Z¼Ìe �Ä¿Y{�{�°¸¼�)Ä¸^À���{�¹�³(  �Ä¿Y{��Y�Å�½�Á)¹�³(  Ä¸^À���{�Ä¿Y{�{Y| e 

Treatments Grain yield (g.spike-1) 1000 grain weight (g) 
Number of grains per 

spike 

Irrigation levels É�ZÌ]M�sÂ�� 
 

  

Well water �Àe�½Á|] 1.49 a 40.5 a 37.8 a 

Water deficiency Àeº¯��Ê]M 1.22 b 33.5 b 36.7 a 

Decrease (%) ��ÅZ¯(%) -18.1 -17.3 -2.9 

Cultivars ¹Z«�Y 
 

  

Pishtaz �Zf�Ìa 1.30 b 37.8 a 35.0 b 

Marvdasht d�{Á�» 1.35 a 33.3 b 42.8 a 

336 ��� 1.35 a 37.8 a 36.2 b 

DN-11 ½Y�É{-�� 1.41 a 38.9 a 35.0 b 

Application of IAA ¸v»µÂ|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za 
 

  

C |ÅZ� 1.29 b 34.4 b 37.9 a 

T1 Ê·Â¸��ºÌ�¬e 1.44 a 39.6 a 37.0 a 

T2 Ä¿Y{�½|��a 1.33 b 36.9 b 36.8 a 

C :�|ÅZ�)µÂ¸v»�Ä¿Â´rÌÅ�½Á|]Ê�Za(�,T1 :µÂ¸v»�Ê·Â¸��ºÌ�¬e�Ä¸u�»��{�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za)Ã{�³Ê¿Z�§Y(�,T2 :µÂ¸v»Á|ÀËY�Ê�Za��{�|Ì�Y�®Ìf�Y�µ
�Ä¿Y{�½|��a�Ä¸u�»)���Ã{�³��Y�| ]��Á�Ê¿Z�§Y .( 

C: Control, T1: Application of IAA at cell division stage (anthesis), T2: Application of IAA at grain filling stage (14 
days after anthesis). 

¾Ì´¿ZÌ»�½Âf���Å��{Ê»�Ä]Z�»�¥Á�u�ÉY�Y{�Ä¯�ÊËZÅZ]�½Â»�M��Z�Y��]�|À�LSD��µZ¼fuY�t����{�  %ÊÀ »�cÁZ¨e|¿�Y|¿�É�Y{. 

Means, in each column, followed by at least one letter in common are not significantly different at the 5% 
probability LSD Test. 

  

  
��{�Ä¿Y{�{Y| e���¿��Y��Àe�Á��Àe�½Á|]��ËY���¾Ì]

� cÁZ¨e� Ä¸^À�� |�¿� Ã|ÅZ�»� É�Z»M)� µÁ|m� .(��{
º¯��Àe�Á��Àe�½Á|]��ËY���Ä¸^À���{�Ä¿Y{�{Y| e�Ê]M

����Á���{Â]�Ä¿Y{ .�ÄnÌf¿�¾ËY�d�Y�¶Ì·{�¾ËY�Ä]� 0ÓZ¼fuY
Ã{�³��Y�¶^«�L�m�¾ËY�¶Ì�¿Zfa�Ä¯ �Ä¸u�»��{�Á�Ê¿Z�§Y

Ä«Z��½|��¶ËÂ��ZÅ)Ä¸^À���ÂÆ���Y�¶^« (�Á�Äf§�³�¶°�
ÌiZe�ÊÅ|¸³��Y��a�É�ZÌ]M���«d�Y|¿�ZÆ¿M��]�É{ZË��� 

)Araus et al���������7DYDNROL�et al., 2009 .(�¾Ì]��{
�¹Z«�Y�¹Z«�Y�Ä¸^À���{�Ä¿Y{�{Y| e���¿��Y���, DN-11 �Á

� ¾Ë�f¼¯� �Zf�Ìa)� Z]� \Ìe�e� Ä]��� ,���� Á�� (�º«�� Á
Y�� �Y|¬»� ¾Ë�f�Ì]� d�{Á�» )�� (� |¿{Â])µÁ|m �.( 

¾Ì´¿ZÌ»�cZ�ËZ¬»� �Y� ¶�Zu�lËZf¿� ZÅ)µÁ|m � (½Z�¿ 

{Y{ Ä]�Ä¯�Â� µÂ¸v»�Ê¸¯��ËY�§Y�\^��¾Ì�¯Y�Ê�Za
µÂ¸v»� Á�|Ë{�³� Ä¿Y{� �Y�Å�½�Á� Á� Ä¿Y{� {�°¸¼��Ê�Za
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� Ê·Â¸�� ºÌ�¬e� ½Z»�� �{� |Ì�Y�®Ìf�Y� µÁ|ÀËY)Ã{�³-

Ê¿Z�§Y (ÊÀ »�cÁZ¨ed�Y{� ZÅ�Z¼Ìe� �ËZ�� Z]�É�Y{ .��{
�Ã�Z]�¾ËY½Y�Z°¼Å�Á�¾Ì�Å )Hussain et al., 2011 (�Z]

d�¸£�Ê���]Å�¦¸fz»�ÉZIAA��Ä¯�|¿{�¯���Y�³
�Á�|���ÉZÅ�f»Y�Za��ËY�§Y�\^��|Ì�Y�®Ìf�Y�µÁ|ÀËY

|Ë{�³�¹|À³�¹Z«�Y�{�°¸¼� .  
�Ä¯�¾ËY�Ä]�ÄmÂe�Z]º¯��Àe�Ê�Ã{�³��Y��a�Ê]M-

Ê¿Z�§Y��½Á|]��ËY��� �{� Ä¸u�»� ¾Ì¼Å� �{� ¾ÌÀr¼Å� Á
�Ã|ÀÀ¯�ºÌ�Àe�®Ë�Ä¯�|Ì�Y�®Ìf�Y�µÁ|ÀËY�d�¸£��Àe

¶°�� �{� É|Ì¸¯� |���|«� É�Ì³�Ä]� ,d�Y� ½�z»�c�
c|�Ê»��ÅZ¯�¦¸fz»� ÉZÅ� |]ZË)��Àe� �ËY��� �{
º¯�f�Ì]�\Ì��Z]�Ê]M( )Yang et al.��������6DHLGL�et 

al., 2006(� ,µÂ¸v»� 0ÓZ¼fuY�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za
� Ê·Â¸�� ºÌ�¬e� ½Z»�� �{� Ã�ËÁ� Ä])Ã{�³Ê¿Z�§Y (�¾ËY� �Y

�Ä¿Y{�{�°¸¼���ËY�§Y�\mÂ»�Á�Ã{�¯�É�Ì³Â¸m�¶¼�
�½�Á�ÁÊ»�Ä¿Y{��Y�Å{Â�. µÂ¸v»�®Ìf�Y�µÁ|ÀËY�Ê�Za

ÊÀ »� �iY� |Ì�Y�d�Y|¿� Ä¸^À�� �{� Ä¿Y{� {Y| e� �]� É�Y{
)�µÁ|m� .(��ËY����{�Ä¸^À���{�Ä¿Y{�{Y| e�Ä¯�Ê�Â¿�Ä]

µÂ¸v»� Ê���Àe� ½Á|]�ºÌ�¬e� ½Z»�� �{� ¾Ì�¯Y� Ê�Za
�Ê·Â¸�)Ã{�³Ê¿Z�§Y (� Ä¿Y{�½|��a�Á)�����Y��a��Á�
Ã{�³Ê¿Z�§Y (����Á���� Ä¿Y{{Â] .� ÄnÌf¿�¾ËY�Ä]� 0ÓZ¼fuY

��Y� ¶^«� LY�mY� ¾ËY� ¶Ì�¿Zfa� Ä¯� d�Y� ��Zy� ¾ËY
Ã{�³ Ä«Z��½|��¶ËÂ�� Ä¸u�»� �{� Á�Ê¿Z�§Y� ZÅ)��Y�¶^«

Ä¸^À�� �ÂÆ� (µÂ¸v»� Á� Äf§�³� ¶°��µÁ|ÀËY� Ê�Za
d�Y�Äf�Y|¿�ZÆ¿M��]�É{ZË���ÌiZe�|Ì�Y�®Ìf�Y.  

  

¹Á{��ËZ»�M-�ÊÅZ´�ËZ»�M��z]  
Ä¿YÂm�cZÌ�Â�y�f»Y�Za�Á�Ê¿�ÄrÅZÌ³�É|���ÉZÅ 

�¹Z«�Y��Y� Ã|»M�d�{�Ä]��Á~]�ÊÅZ´�ËZ»�M�d¼�«��{
�ºÌ�Àe� ¦¸fz»� ÉZÅ�Z¼Ìe� dve� Ä���»� �{� ¦¸fz»

Ä¿Y{�½|��a�Á�Ê·Â¸��ºÌ�¬e�Ä¸u�»��{�|���Ã|ÀÀ¯�Á�ZÅ
Ã{�³��Y��a�Êf]Â����Àe�cZÌ�Â�y���¿��Y�Ê¿Z�§Y

Ä¿YÂm |Àf§�³� �Y�«�Ê���]� {�Â»�Ê¿� .�¾Ì´¿ZÌ»� Ä�ËZ¬»
Ã{Y{� ZÅ)µÁ|m � (�½Á|]� �ËY��� ¾Ì]� Ä¯� |¿{Y{� ½Z�¿

º¯��Àe�Á��ÀeÄ�Ë��µÂ��cZ¨���Y��Ì£�Ä]�Ê]M �Á�Äq
Ä¿YÂm� |��{Ä¿YÂm� cZ¨�� ÄÌ¸¯� ��¿� �Y� Ê¿��Ê¿�
ÊÀ »�¥ÔfyY d�Y{�{ÂmÁ�É�Y{ .�{�Â»�¹Z«�Y�¾Ì]� �{

�¥ÔfyY� Ê���]� {�Â»� cZ¨�� ��¿� �Y� �Ì¿� Ä ·Z�»
ÊÀ » � |�� Ã|ÅZ�»� É�Y{)� µÁ|m� .(��´¿ZÌ]� lËZf¿� ¾ËY

Y��Y�Ê���]� {�Â»� ¹|À³� ¹Z«�Y�¾Ì]� Ä¯�d�Y�\¸�»�¾Ë
�Ê Ì�Á� Ê°Ìf¿�� �ÂÀe� Ê¿�� Ä¿YÂm� cZÌ�Â�y� ��¿

º¯��Àe�Ê¸¯�Â��Ä]�Á�{�Y{�{ÂmÁÃ{�³��Y��a�Ê]M-

ÊÀ »��ÅZ¯� \^�� Ê¿Z�§Y�cZÌ�Â�y� �Y� Êy�]� �Y{
Ä¿YÂmd�Y� Ã|�� Ê¿� .µÂ¸v»� �Z¼Ìe�µÁ|ÀËY� Ê�Za

Ä¿YÂm�cZÌ�Â�y� �]� �Ì¿� |Ì�Y�®Ìf�YY� �Ì£� Ä]� Ê¿���
Ä¿YÂm�½Z»����Âf»�\^��Á�d�Y� Ã{Â]� �Y~³�ÌiZe�Ê¿�

� |�� ZÆ¿M� {Â^Æ])� µÁ|m� .(�ºÌ�Àe� ¾ËY� µZ¼�Y� ¾ËY�]ZÀ]
Ä¿Y{� |��� Ä¸u�»� �{� |��� Ã|ÀÀ¯��ËY�§Y� �]� ÃÁÔ�� ZÅ

Äf§ZË� Z]� ª§YÂ»� Ä¿Y{� {�°¸¼�½Y�Z°¼Å� Á� É|Ì �� ÉZÅ 
)Saeidi et al., 2006(� ,�dÌ¨Ì¯�Ä¯�d�Y��{Z«� 0ÓZ¼fuY

Ä¿YÂmZÅ�~]�Ê¿���| ]�Ê�Y���µZ�� �{�d�¯�dÆm� Y�
|Å{��ËY�§Y.  

  

Ä«Z��µÂ� Ä�Ë��,Äq ÄrÅZÌ³�Á�Äq  
ÊÀ »��ÅZ¯�\^��Ê°�y��ÀeÄ«Z��µÂ�� �Y{ ��Y� Äq

��/���Ä]��/��|Ë{�³�¹|À³�¹Z«�Y��Á~]��{��f¼Ìf¿Z� .��]
�|���z�»�¾Ì´¿ZÌ»�cZ�ËZ¬»��Y�¶�Zu�lËZf¿��Z�Y

�Z]��Zf�Ìa�º«��,Ä ·Z�»�{�Â»�¹Z«�Y�¾Ì]�Ä¯�/��f¿Z���f¼Ì
¾Ë�f�Ì] � º«�� Á����� Z]��/���µÂ�� ¾Ë�f¼¯�f¼Ìf¿Z�

|Àf�Y{� Y�� Är«Z� .µÂ¸v»� �Ì¿� ZÅ�Z¼Ìe� ¾Ì]� �{�Ê�Za
�½Z»���{�|Ì�Y�®Ìf�Y�µÁ|ÀËY���Ã{�³��Y��a��Á�-

� Z]�Ê¿Z�§Y��/��Ä«Z��µÂ��¾Ë�f�Ì]��f¼Ìf¿Z��Y�Y{� Y��Äq
{Â] .µÂ¸v»� ¾Ì]Ã{�³� ½Z»�� �{� Ê�Za�|ÅZ�� Á� Ê¿Z�§Y

ÊÀ »� ¥ÔfyYÉ�Y{�� |�¿� Ã|Ë{)� µÁ|m�.( ��Àe
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ÊÀ »��ÅZ¯�\^��Ê°�yÄ�Ë��µÂ��¾Ì´¿ZÌ»� �Y{ �Äq
{�Â»�¹Z«�Y ��Y�Ê���]��/���Ä]��/��|���f¼Ìf¿Z� .�¹Z«�Y

��Zf�Ìa�Á�d�{Á�»)�Z]�\Ìe�e�Ä]��/���Á��/���f¼Ìf¿Z� (
¹Z«�Y� Á�¾Ë�f�Ì] DN-11 � Á��� )Ä] � Z]�\Ìe�e��/���Á

��/���f¼Ìf¿Z� (Ä�Ë��µÂ��¾Ë�f¼¯ {� Y�� Äq|Àf�Y .��{
µÂ¸v»� �Ì¿� ZÅ�Z¼Ìe� ¾Ì]Ã{�³� ½Z»�� �{� Ê�Za�Á� Ê¿Z�§Y

���Ã{�³� �Y� | ]� �Á���ËY�§Y�\^��Ê¿Z�§Y)�\Ìe�e� Ä]
��/��� Á��/���f¼Ìf¿Z� (�/�Ë�� µÂ//Äq/^�¿� Ä/]�d/�Ä
�/ÅZ/À Ë�|/]�Ê/µÂ¸v»�½Á||Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za 

)��/���f¼Ìf¿Z� (� |¿|�)µÁ|m � .(Ä�Ë�� µÂ� q/�Ä
^�¿/��Ä]�d/�Ä]�d^�¿�É�f¼¯�dÌ�Z�u��Y�Äq�Ä«Z��µÂ

�Àe�º¯{Â]� �Y{�Ây�]� �Ê]M .��Àe�Ê��Ä¯�É�Â��Ä]
º¯Ä�Ë��µÂ��Ê]M �0Y{Á|u�Äq��Ä«Z��µÂ��Á�|��{ �Äq

�0Y{Á|u����d§ZË��ÅZ¯�|ÅZ��Ä]�d^�¿�|��{)�µÁ|m
� .(½Y�Z°¼Å� Á� É|Ì �� lËZf¿� Z]� ª]Z�»� lËZf¿� ¾ËY 
)Saeidi et al., 2007 (�Z°¼Å� Á� É|¿ÁY�³� Á�½Y
)Gravandi et al., 2010 (d�Y.��0ÓZ¼fuY��»Y�¾ËY�¶Ì·{

Ä�Ë�� Ä]� �~]� ÄfyÁ|¿Y� �f�Ì]� �Z�fyY� ¶Ì·{� Ä] �Äq
Ê» |�Z].  º¯��ÀeÊÀ »��Â��Ä]�Y��ÄrÅZÌ³�µÂ��Ê]M-

��Y�Ä¯�É�Â��Ä]�{Y{��ÅZ¯�É�Y{��/�����{��f¼Ìf¿Z�
� Ä]� �Àe� ½Á|]� �ËY����/���� �f¼Ìf¿Z�)� �ÅZ¯��

É|��{ (º¯��Àe��ËY��� �{M|Ì���Ê] .��´Ë{�Ê°Ë
��Àe� �ËY��� �{� ÄrÅZÌ³� µÂ�� �ÅZ¯� ¶ËÓ{� �Y

d§Z]��Y�ÊËY~£{YÂ»�µZ¬f¿Y�¹|��ZË��ÅZ¯�,Ê°�y �ÉZÅ
Ã�Ìy} �d�Y�Ã|���¯}�¾ÌÀm�Ä]��~]�ÉY)Trautwein et 

al., 1997 .(�¾Ì´¿ZÌ»�cZ�ËZ¬»��Y�¶�Zu�lËZf¿��Z�Y��]
)� µÁY|m��� Á� (�Á� �Zf�Ìa� ¹Z«�Y� Ä¯� |�� �z�»

� Z]� d�{Á�»���¿Z�� º«�� Á� ¾Ë�f�Ì]� �f¼Ìf����� Z]���
|Àf�Y{� Y�� ÄrÅZÌ³� µÂ�� ¾Ë�f¼¯�f¼Ìf¿Z�. �¾Ì]� �{

µÂ¸v»� �Ì¿� ZÅ�Z¼ÌeÃ{�³� ½Z»�� �{� Ê�Za� Á� Ê¿Z�§Y���
Ã{�³��Y�| ]��Á���ËY�§Y�\^��Ê¿Z�§Y)�\Ìe�e�Ä]�/���

� Á�/����f¼Ìf¿Z� (�ÊÀ Ë� |ÅZ�� Ä]�d^�¿� ÄrÅZÌ³�µÂ�
µÂ¸v»� ½Á|]� |Ì�Y� ®Ìf�Y� µÁ|ÀËY� Ê�Za)�/���

�f¼Ìf¿Z� (|¿|� .��ÌiZe� {�Â»� �{� É{| f»� cZ��Y�³
�ÄrÅZÌ³� |��� �]� |Ì�Y�®Ìf�Y� µÁ|ÀËY� {�]�Z¯� d^j»

{�Y{� {ÂmÁ .{�Â»� ¾ËY� �{ �YÂË|Ë�^»Z³Y
)Egamberdieva, 2009 (�½Y�Z°¼Å�Á�Ê·|^��Á)Abdoli 

et al., 2013 (�®Ìf�Y� µÁ|ÀËY� {�]�Z¯� Ä¯�|¿{�¯�½ZÌ]
Ä�Ë�� |��� �ËY�§Y� \^�� |Ì�YÄ«Z�� Á� Äqq��{� Ä

ÄrÅZÌ³Ê»�É�Â���Àe��ËY��� �{� ¹|À³�ÉZÅ{{�³ .
¾ËY��Y�¶Ì·{�Ä]�0ÓZ¼fuY��Àe�dve�ÃZÌ³�|����ÅZ¯�Á�

d�Y�Ê¿Â»�ÂÅ��]YÁ���{��ÌÌ¤e .�µÁ|ÀËY�{�]�Z¯�¾ËY�]ZÀ]
º¯��Àe��Y�Ê�Z¿�cY�Z�y��ÅZ¯��{�|Ì�Y�®Ìf�Y-

��ËY����{�Á�|��Ã|Ë{�ªÌ¬ve�¾ËY��{�Ä¯��Â�¿Z¼Å�Ê]M
�d�Y��iÂ»�É�Â���Àe)Javid et al., 2011.(  

  

Ä«Z��®�y�½�Á Ä�Ë��,Äq ÄrÅZÌ³�Á�Äq  
ÊÀ »��ÅZ¯�\^��Ê°�y��Àe�½�Á�¾Ì´¿ZÌ»� �Y{

Ä«Z��®�y ��Y�Äq��/���Ä]��/��Ê¸Ì»�¹�³)�0Y{Á|u���
�ÅZ¯�|��{ (|� .�º«��,Ê���]�{�Â»�¹Z«�Y�¾Ì]DN-

11  �Z]��/��Ê¸Ì»Ä«Z��½�Á�¾Ë�f�Ì]�¹�³�Á�d�Y{�Y��Äq
Y� ¹Z«�Y� ÄÌ¬]� ¾Ì]� �{ÊÀ »� ¥Ôfy���¿� ¾ËY� �Y� É�Y{

|�¿� Ã|ÅZ�» .µÂ¸v»� ZÅ�Z¼Ìe� ¾Ì]� �{�µÁ|ÀËY� Ê�Za
�½Z»���{��Z¼Ìe�¾ËY�µZ¼�Y��Ì¿�|Ì�Y�®Ìf�Y�����a��Á�

Ã{�³��Y�Ê¿Z�§Y)Ä¿Y{�½|��a�ÉY|f]YZÅ (� Z]��/��Ê¸Ì»-

� |ÅZ�� Á� ¾Ë�f�Ì]� ¹�³)¾Ì�¯Y� �Z¼Ìe� µZ¼�Y� ¹|� (
�¾Ë�f¼¯)��/��Ê¸Ì»¹�³ (�|Àf�Y{�Y��½Y�Ì»)m�µÁ|�.( 

Ä�Ë�� ½�Á� Ê¸¯� ¾Ì´¿ZÌ»� Ê°�y��Àe ��ÅZ¯� Y�� Äq
� �Y� Ä¯� É�Â�� Ä]� {Y{��/���Ä]��Àe� ½Á|]��ËY��� �{

��/��Ê¸Ì»º¯��Àe��ËY����{�¹�³|Ì���Ê]M .�Ä�ËZ¬»
Ã{Y{� ¾Ì´¿ZÌ» �½Á|]� �ËY��� dve� Ä¯� |¿{Y{� ½Z�¿� ZÅ

º¯��Àe�Á��Àeº«��Ê]M DN-11�[� Y��/��Ê¸Ì»�¹�³
»� Á� �Zf�Ìa� � ¹Z«�Y� Á�¾Ë�f�Ì]� Z]�d�{Á���/��� Á��/��
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Ê¸Ì»Ä�Ë�� ½�Á� ¾Ë�f¼¯� ¹�³ |Àf�Y{� Y�� Äq .µÂ¸v»-

� Ê�Za���Ã{�³� �Y� �a� �Á�� Ê¿Z�§Y)�½|��a� ÉY|f]Y
Ä¿Y{ZÅ (�Z]��/��Ê¸Ì»�Z]�|ÅZ��Á�¹�³��/��Ê¸Ì»�Ä]�¹�³

Ä�Ë�� ½�Á� ¾Ë�f¼¯� Á� ¾Ë�f�Ì]� \Ìe�e�{Ây� Ä]� Y�� Äq
|¿{Y{��Z�fyY.  

  
�µÁ|m�-��Ä�ËZ¬»¬f»�cY�iY�¾Ì´¿ZÌ»µÂ¸v»�¶]Z�Ä¿Y{�{�°¸¼���]�º«��Á�|Ì�Y�®Ìf�Y�Ê�Za)Ä¸^À���{�¹�³(�Ä¿Y{��Y�Å�½�Á�,)¹�³ (�Ä¿Y{�{Y| e�Á

º¯��Àe�Á��Àe�½Á|]��ËY���dve�¹|À³�¦¸fz»�¹Z«�Y�Ä¸^À���{Ã{�³��Y��a�Ê]MÊ¿Z�§Y.  
Table 2- Mean comparison of interactions between application of IAA and cultivar on grain yield (g.spike-1), 
1000 grain weight (g) and number of grains per spike in different wheat cultivars under well-water and post 

anthesis water deficiency. 
¹Z«�Y µÂ¸v»|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za �Ä¿Y{�{�°¸¼�)Ä¸^À���{�¹�³(   �Ä¿Y{��Y�Å�½�Á)¹�³(  

 
�Ä¿Y{�{Y| eÄ¸^À���{  

 

Cultivars Application of IAA 

Grain yield (g.spike-1) ��ÅZ¯(%)  1000 grain weight (g) ��ÅZ¯(%)  Number of grains per spike ��ÅZ¯(%)  
�Àe�½Á|] º¯��ÀeÊ]M 

Decrease (%)
�Àe�½Á|] º¯��ÀeÊ]M 

Decrease (%)
�Àe�½Á|] º¯��ÀeÊ]M 

Decrease (%)
Well waterWater deficiency Well waterWater deficiency Well waterWater deficiency

Pishtaz C 1.49±0.02 1.05±0.03 -29.4 37.8±1.5 25.9±0.9 -31.4 39.5±2.0 40.5±0.3 2.6 

 
T1 1.50±0.01 1.25±0.14 -16.8 48.2±6.2 36.6±0.8 -24.2 32.3±4.7 34.0±3.1 5.3 

 
T2 1.40±0.02 1.09±0.07 -22.7 41.7±1.1 36.7±3.5 -12.0 33.7±0.6 30.2±3.7 -10.4 

Marvdasht C 1.57±0.02 0.99±0.05 -37.1 38.0±1.6 26.8±4.8 -29.4 42.9±1.6 38.5±4.5 -10.4 

 
T1 1.77±0.09 1.19±0.09 -33.0 41.4±2.5 27.2±1.9 -34.4 45.7±3.7 43.7±0.2 -4.5 

 
T2 1.64±0.03 0.96±0.02 -41.4 43.8±0.3 22.7±1.0 -48.1 43.3±4.1 42.5±2.8 -1.8 

336 C 1.34±0.06 1.12±0.04 -16.0 39.6±0.5 33.7±3.7 -14.9 33.8±1.3 34.5±5.5 2.2 

 
T1 1.49±0.02 1.42±0.02 -4.7 42.4±1.9 39.7±0.9 -6.4 35.3±1.9 35.8±1.1 1.5 

 
T2 1.37±0.03 1.38±0.01 1.3 33.4±0.7 37.8±1.8 13.1 40.9±1.0 36.8±1.7 -10.1 

DN-11 C 1.40±0.01 1.35±0.02 -3.5 36.9±0.8 36.7±1.2 -0.5 36.5±0.4 36.9±1.7 1.0 

 
T1 1.45±0.02 1.43±0.02 -1.4 42.0±1.2 39.1±2.8 -6.8 34.1±1.3 35.2±1.6 3.1 

 
T2 1.41±0.03 1.40±0.00 -0.3 40.4±1.7 38.5±3.4 -4.6 34.9±1.5 32.1±1.0 -7.8 

¾Ì´¿ZÌ» C 1.45±0.03 1.13±0.04 -22.1 38.1±1.1 30.8±2.6 -19.1 38.2±1.3 37.6±3.0 -1.5 

Mean T1 1.55±0.03 1.32±0.07 -14.9 43.5±2.9 35.6±1.6 -18.1 36.9±2.9 37.2±1.5 0.8 

 
T2 1.45±0.03 1.21±0.03 -16.9 39.8±1.0 33.9±2.4 -14.8 38.2±1.8 35.4±2.3 -7.3 

C :�|ÅZ�)½Á|]�µÂ¸v»�Ä¿Â´rÌÅÊ�Za(�,T1 :µÂ¸v»�Ê·Â¸��ºÌ�¬e�Ä¸u�»��{�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za)Ã{�³Ê¿Z�§Y(�,T2 :µÂ¸v»�Ä¿Y{�½|��a�Ä¸u�»��{�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za)���Ã{�³��Y�| ]��Á�Ê¿Z�§Y.(  
�¾Ì´¿ZÌ» ±�ZÌ »�ÃZ^f�Y 

C: Control, T1: Application of IAA at cell division stage (anthesis), T2: Application of IAA at grain filling stage (14 days after anthesis). 
Mean ± SE 
 

 

��Y�ÄrÅZÌ³�½�Á�¾Ì´¿ZÌ»��ÅZ¯�\^��Ê°�y��Àe
��/���� Ä]��/���Ê¸Ì» � ¹�³)����ÅZ¯� |��{ (|� .
º«� DN-11 �Z]��/���Ê¸Ì»�ÄrÅZÌ³�½�Á�¾Ë�f�Ì]�¹�³

¥ÔfyY�¹Z«�Y�ÄÌ¬]�¾Ì]�Á�d�Y{�ÊÀ »���¿�¾ËY��Y�É�Y{
d�Y|¿� {ÂmÁ .µÂ¸v»�ÉZÅ�Z¼Ìe� ¾Ì]� �{�¾Ì�¯Y�Ê�Za

µÂ¸v»�ºÅ��Z]��Ì¿�½Z»���{�Ê�Za���Ã{�³��Y��a��Á�-

� Ê¿Z�§Y)Ä¿Y{� ½|��a� ÉY|f]YZÅ (� Z]��/���Ê¸Ì»�¹�³
�Z]�|ÅZ��Á�¾Ë�f�Ì]��/���Ê¸Ì»�Y���Y|¬»�¾Ë�f¼¯�¹�³

� |¿{Â]� Y�Y{)� µÁ|m��� Á�.( Ã{Y{� ¾Ì´¿ZÌ»� Ä�ËZ¬»�ZÅ
)�µÁ|m� (�½Z�¿�Ä]�Ä¯�{Y{µÂ¸v»��ÌiZe�Ê¸¯�Â��Ê�Za

Ä«Z��µÂ��cZ¨���]�Ä¿Y{�|���¦¸fz»�¶uY�»��{�Á�Äq

Ä�Ë�ÊÀ »�ZÆ¿M�®�y�½�Á�Á�Äq�Ã{Â]��Y{)�ÉZÀjf�Y�Ä]
µÂ¸v»Ä«Z��µÂ���]�Ä¯�Ê·Â¸��ºÌ�¬e�Ä¸u�»��{�Ê�Za -

ÊÀ »�Äq{Â^¿��Y{ (�cZ¨���Y�Êy�]���¿��Y�¹Z«�Y�¾Ì]�Á
¥ÔfyY�©Â§�ÊÀ »{�Y{�{ÂmÁ��Y{ .Ê»�¥ÔfyY�¾ËY -

µÂ¸v»� �ÌiZe� ZËÁ� º«�� �Â¿� �Y� Ê�Z¿� |¿YÂe|�Z]� Ê�Za .
ÄrÅZÌ³��f�Ì]�É�~]��ËZy}�Z]�¹Z«�Y� 0ÓZ¼fuYÉÂ«�ÉZÅ-

�ÉY�Y{� ÃZÌ³� ÄÌ·ÁY� �Y�¬f�Y� �{� Á� Ã{Â¼¿� |Ì·Âe� É�e
Ê»�dÌ¼ÅY|�Z] .µÂ¸v»�Ä°ÀËY�Ä]�ÄmÂe�Z]�µÁ|ÀËY�Ê�Za

{�½�Á��ËY�§Y��{�|Ì�Y�®Ìf�Y�{Â]��iÂ»�Ä¿Y)�µÁ|m� (
ÄrÅZÌ³�|Ì·Âe�Á�É�~]�ÄfyÁ|¿Y��ËY�§Y�\^���a�ÉZÅ

ÉÂ«|�� |ÅZ�� Ä]�d^�¿� �e .��Àe��ËY��� �{� �»Y� ¾ËY
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�d�Y��e�Ì´¼�q)�µÁY|m���Á� .(½Z»Á{�{�Â»�¾ËY��{ 
)Duman, 2006 (ÄrÅZÌ³�Ä¯�{�¯���Y�³ÉÂ«�ÉZÅ��e

Ä�Ë�� ºf�Ì�� ÊÅZeÂ¯� ½Z»�� c|»� �{�Y�� {Ây� ÉY
Á� Ã{Y{� ��f�³��Á� ÊËY~£{YÂ»� Á� [M� �fÆ]� [~m� Z]

¹Y|¿Y� |Ì·ÂeÃ�ËÁ�dÌ «Â»� Ã|ÀÀ¯� �fÀ�Âf§�ÉZÅ�Ä]� Y��ÉY
Ê»�ÃZÌ³Ã�Æ]�½Z°»Y�dÌ �Á�¾ËY�,|Å{\�ZÀ»�É�Y{�]-

Ã{ZÆ¿��Y��e�ÉY�]�Y��Ã�Ì£�Á��Â¿�Á�[M�¶j»�Ê�Ìv»�ÉZÅ
Ê»�ºÅY�§�ÃZÌ³�{�Z�)Chivasa et al., 1998.(  

  
Ä«Z��d^�¿ Ä�Ë��Ä]�Äq Äq  

Ä«Z��d^�¿� Ê°�y��Àe Ä�Ë�� Ä]� Äq �dve� Y�� Äq
��Y�Ä¯�É�Â��Ä]�{Y{��Y�«��ÌiZe��/���½Á|]��ËY����{

�Ä]��Àe��/��|Ì�� .Ã{Y{�¾Ì´¿ZÌ»�Ä�ËZ¬» �{Y{�½Z�¿�,ZÅ
�º«��©Â§�d¨����¿��Y�Ä¯DN-11 [�Y��/���Á�¾Ë�f�Ì]

� d�{Á�»� º«�)��/� (d�Y� ¾Ë�f¼¯ .�|ÅZ�� �Z¼Ìe
)µÂ¸v»� ½Á|]�®Ìf�Y� µÁ|ÀËY� Ê�Za|Ì�Y (�d^�¿� �{

Ä«Z�Ä�Ë��Ä]�Äq�Z]�Äq��/��µÂ¸v»�Á�¾Ë�f�Ì]��{�Ê�Za
Ã{�³�½Z»��Z]�Ê¿Z�§Y��/���{Â]�¾Ë�f¼¯)�µÁ|m�.(  

  
Ä¿YÂm�d���Ä¿YÂm�|��{�Á�Ê¿� Ê¿�  

Ä¿YÂm� d��� Ä¿YÂm� ½Z»�� c|»� Z]� �Á~]� Ê¿� �Ê¿�
º¯� �Àe� Á� |¿�Y{� �Â° »� Ä�]Y���ËY�§Y� \^�� Ê]M

Ä¿YÂm�d��� ��Y�Ê¿���/����Ä]��/���|� .��Á~]�ÊÀ Ë
º¯��Àe��ËY����{�Ã|��|Ì·Âe�Ä¿YÂm��e{Á��Ê]M �,|¿{�

�d�Y� �Á~]� Ã�Y|¿Y�½{Â]�®qÂ¯�d¸�� Ä]�ÓZ¼fuY� Ä¯
Äf�¿YÂe�É�fÅZeÂ¯�Ê¿Z»��Ä¸�Z§��{�[M�[~m�Z]�Ä¯�|¿Y

�Ë��|À¿�]�Ä¿YÂm��e .Ã{Y{�¾Ì´¿ZÌ»�Ä�ËZ¬» �|¿{Y{�½Z�¿�ZÅ
º¯� �Àe� Á� �Àe� ½Á|]� �ËY��� dve� Ä¯�º«�� Ê]M

»� ¾Ë�f�Ì]� d�{Á�)��/�� (� ¹Z«�Y� Á����� ÁDN-11  
�¾Ë�f¼¯)��/����Á��/�� (Ä¿YÂm�d��� �|¿�Y{�Y��Ê¿�

)�µÁ|m���Á� .(µÂ¸v»�Ê¸¯�Â��Ä]��ËY�§Y�\^��Ê�Za

Ä¿YÂm�d���|��Ê¿� .µÂ¸v»�ÉZÅ�Z¼Ìe�¾Ì]� �{�Ê�Za
µÂ¸v»��Ì¿Ã{�³�½Z»���{�Ê�Za�Á�Ê¿Z�§Y�����Y�| ]��Á�

Ã{�³��ËY�§Y�\^��Ê¿Z�§Y)�\Ìe�e�Ä]��/����Á��/�� (
Ä¿YÂm�d���� �{� |ÅZ�� Ä]�d^�¿�Ê¿�)��/�� (�|¿|�

)� µÁ|m�.( �|��{� �ÅZ¯� \^�� Ê°�y� �Àe
Ä¿YÂm � �Y� Ã|�� |Ì·Âe� �Á~]� Ê¿��/���� Ä]�/����|��{
|� .ÊÀ »�¥ÔfyY�¾ËY�É�Z»M��Zv·��Y�Z»Y{Â^¿�É�Y{ .

½Y�Z°¼Å�Á�Ê¿Z�¸� )Soltani et al., 2006 (�|¿{�¯�½ZÌ]
Z¼fuY� Ä¯Ä¿YÂm� |��{��ÅZ¯� 0Ó �yZ�� Á� Ê¿� �ÉZÅ

Ä¿YÂm Ê»�Ê�ËY���¾ÌÀq� �{�Ê¿� �ÄË�ne� �Y�Ê�Z¿� |¿YÂe
Äf�ÅM �ÄË�ne� {YÂ»� �e|À¯� µZ¬f¿Y� ZË� ¹�b�Á|¿M� {YÂ»� �e

|�Z]�ÄrÅZÌ³�Ä]�Ã|�.  
Ã{Y{�¾Ì´¿ZÌ»�Ä�ËZ¬» �ZÅ)�µÁ|m� (�º«��Ä¯�{Y{�½Z�¿

� Z]� �Zf�Ìa�/���� º«�� Á� ¾Ë�f�Ì]� |��{����� Z]�/���
�f¼¯� |��{Ä¿YÂm� |��{� ¾Ë|¿�Y{� Y�� Ê¿�. �¾Ì]� �{
�Ì¿� ZÅ�Z¼Ìe µÂ¸v»�{� Ê�Za ½Z»�¸fz»�ÉZÅ/���¦/�|
ÌÌ¤e� Ä¿Y{/À »� �/Ê]� É�Y{/��{� �/| Ä¿YÂm�¹Z«�Y� Ê¿�

�|¿{�°¿�{ZnËY�Ê���]�{�Â»)�µÁ|m���Á�(.�§Y/ËY�/��
rÅZÌ³� µÂ�� Á� ½�Á/�{� Ä µÂ¸v»� �iY�µÁ|ÀËY� Ê�Za

Ê»�|Ì�Y�®Ìf�Y�Ë����Y�¬f�Y�Ä]�|¿YÂe��Ä���»��{�ÃZÌ³
|À¯�®¼¯ .Ä¿YÂm�d�����Ë��e�d¸��Ê�Z¿�|ËZ��Ê¿�

ºË�¿M� dÌ·Z §� �ËY�§Y� �YÄË�ne� ÉZÅ�Z¨·M� �Ì�¿� Ã|ÀÀ¯
É��¿Y� µZ¬f¿Y� �ËY�§Y� ,�ÔÌ»M )ATP(� ,��fÀ�� �ËY�§Y

RNA�� ÁDNA� ,�ËY�§Y {Y| e Á ÊËY�Z¯ É�|À¯ÂfÌ»ZÅ 

� |�Z])Bittencourt et al., 2005(. �d�Y� ÊÆË|]
]� Ä¯� ÊËZÅ�~]º¯� �Àe� �ËY��� �{� |À¿YÂf��Y� ,Ê]M

��Y�¬f�Y��{�|À�Z]��Y{�Ây�]�ÊËÓZ]�Ê°�y�Ä]�d»ÁZ¬»
ÄeÂ]�dyYÂÀ°Ë��¬¿� {�°¸¼���ËY�§Y� Á� Ä���»� �{� ZÅ

d�Y{�|ÀÅYÂy�ÊÆmÂe�¶]Z«.  
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�µÁ|m�- µÂ¸v»�Á�º«��,É�ZÌ]M�sÂ���Ã{Z��cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»Ä¿YÂm��]�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�ZaZÌ�Â�y�Á�Ê¿��ÄrÅZÌ³�É|���c
¹|À³�¹Z«�Y.  

Table 3- Mean comparison of the effect of Irrigation levels, cultivar and application of IAA on germination 
and seedling characteristics in different wheat cultivars. 

 
C :�|ÅZ�)µÂ¸v»�Ä¿Â´rÌÅ�½Á|]Ê�Za(�,T1 :µÂ¸v»Ìf�Y�µÁ|ÀËY�Ê�Za�Ê·Â¸��ºÌ�¬e�Ä¸u�»��{�|Ì�Y�®)Ã{�³Ê¿Z�§Y(�,T2 :µÂ¸v»�®Ìf�Y�µÁ|ÀËY�Ê�Za

�Ä¿Y{�½|��a�Ä¸u�»��{�|Ì�Y)���Ã{�³��Y�| ]��Á�Ê¿Z�§Y .(  
C: Control, T1: Application of IAA at cell division stage (anthesis), T2: Application of IAA at grain filling stage (14 days 
after anthesis).  

¾Ì´¿ZÌ»�½Âf���Å��{Ê»�Ä]Z�»�¥Á�u�ÉY�Y{�Ä¯�ÊËZÅ�½Â»�M��Z�Y��]�|À�Z]LSD��µZ¼fuY�t����{�  %ÊÀ »�cÁZ¨e|¿�Y|¿�É�Y{.  
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability 
LSD Test. 

  
m�µÁ|�-��Ä�ËZ¬»µÂ¸v»�¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»Ä«Z��µÂ���]�º«��Á�|Ì�Y�®Ìf�Y�Ê�ZaÄ�Ë��,Äq�dve�¹|À³�¦¸fz»�¹Z«�Y�ÄrÅZÌ³�Á�Äq

º¯��Àe�Á��Àe�½Á|]��ËY��Ã{�³��Y��a�Ê]MÊ¿Z�§Y.  
Table 4- Mean comparison of interactions between application of IAA and cultivar on plumule length, 
radicle length and seedling length in different wheat cultivars under well-water and post anthesis water 

deficiency. 
¹Z«�Y 

µÂ¸v»�®Ìf�Y�µÁ|ÀËY�Ê�Za
|Ì�Y 

Ä«Z��µÂ��Äq)�f¼Ìf¿Z�(   Ä�Ë��µÂ��Äq)�f¼Ìf¿Z�( 
 

�ÄrÅZÌ³�µÂ�)�f¼Ìf¿Z�( 
 

Cultivars Application of IAA 

Plumule length (cm) ��ÅZ¯(%)  Radicle length (cm) ��ÅZ¯(%)  Seedling length (cm) ��ÅZ¯(%)  
�Àe�½Á|] º¯��ÀeÊ]M 

Decrease (%) 
�Àe�½Á|] º¯��ÀeÊ]M 

Decrease (%) 
�Àe�½Á|] º¯��ÀeÊ]M 

Decrease (%) 
Well water Water deficiency Well water Water deficiency Well water Water deficiency 

Pishtaz C 11.1±1.1 7.42±0.7 -32.9 9.04±1.3 7.82±0.7 -13.5 20.1±2.3 15.2±1.4 -24.2 

 
T1 8.39±0.2 8.51±0.2 1.4 8.72±0.2 7.69±0.3 -11.8 17.1±0.1 16.2±0.3 -5.3 

 
T2 10.6±0.4 10.4±0.4 -1.9 9.76±0.8 8.64±0.3 -11.5 20.4±0.5 19.1±0.7 -6.5 

Marvdasht C 8.83±0.6 7.46±0.6 -15.5 8.31±1.5 7.22±1.0 -13.1 17.1±2 14.7±1.6 -14.4 

 
T1 8.39±0.1 7.49±0.6 -10.8 9.83±0.2 9.93±0.6 1.0 18.2±0.3 17.4±1.1 -4.4 

 
T2 9.98±0.6 9.22±0.7 -7.6 10.8±0.8 10.1±0.9 -5.8 20.7±1.4 19.3±1.6 -6.7 

336 C 8.21±0.5 6.61±0.8 -19.5 6.64±0.9 6.07±0.6 -8.6 14.9±1.3 12.7±1.4 -14.7 

 
T1 8.81±0.2 7.47±0.1 -15.1 7.95±0.3 7.87±0.2 -1.0 16.8±0.5 15.4±0.3 -8.4 

 
T2 9.52±0.7 7.66±0.1 -19.5 8.09±0.8 7.37±0.2 -8.9 17.6±1.5 15.0±0.3 -14.6 

DN-11 C 8.59±0.9 7.40±0.7 -13.9 6.28±0.1 5.65±0.6 -10.0 14.9±1.0 13.0±1.2 -12.3 

 
T1 9.77±0.3 9.47±1.5 -3.1 9.02±0.3 8.75±1.1 -2.9 18.8±0.6 18.2±2.5 -3.0 

 
T2 8.92±0.4 10.8±0.3 20.7 7.49±0.6 8.72±0.4 16.4 16.4±1.0 19.5±0.6 18.7 

¾Ì´¿ZÌ» C 9.17±0.2 7.22±0.7 -20.5 7.57±0.5 6.69±0.7 -11.3 16.7±0.5 13.9±1.4 -16.4 

Mean T1 8.84±0.1 8.24±0.6 -6.9 8.88±0.1 8.56±0.6 -3.7 17.7±0.2 16.8±1.0 -5.3 

 
T2 9.76±0.1 9.51±0.4 -2.1 9.02±0.1 8.71±0.5 -2.4 18.8±0.3 18.2±0.8 -2.3 

C :�|ÅZ�)µÂ¸v»�Ä¿Â´rÌÅ�½Á|]Ê�Za(�,T1 :µÂ¸v»�Ê·Â¸��ºÌ�¬e�Ä¸u�»��{�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za)Ã{�³Ê¿Z�§Y(�,T2 :µÂ¸v»�Ä¿Y{�½|��a�Ä¸u�»��{�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za)���Ã{�³��Y�| ]��Á�Ê¿Z�§Y.(
�¾Ì´¿ZÌ»±��ZÌ »�ÃZ^f�Y 

C: Control, T1: Application of IAA at cell division stage (anthesis), T2: Application of IAA at grain filling stage (14 days after anthesis). 
Mean ± SE 
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º¯��Àe��iY�Ê]MµÂ¸v»�ÁÄ¿Y{�|���¦¸fz»�¶uY�»��{�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za                  ...                                                    ��� 

�µÁ|m�-��Ä�ËZ¬»µÂ¸v»�¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»Ä«Z��®�y�½�Á��]�º«��Á�|Ì�Y�®Ìf�Y�Ê�ZaÄ�Ë��,Äq�¹|À³�¦¸fz»�¹Z«�Y�ÄrÅZÌ³�Á�Äq
º¯��Àe�Á��Àe�½Á|]��ËY���dveÃ{�³��Y��a�Ê]MÊ¿Z�§Y.  

Table 5- Mean comparison of interactions between application of IAA and cultivar on plumule dry weight, 
radicle dry weight and seedling dry weight in different wheat cultivars under well-water and post anthesis 

water deficiency. 
¹Z«�Y µÂ¸v»|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za Ä«Z��®�y�½�Á�Äq)Ê¸Ì»¹�³(   Ä�Ë��®�y�½�Á�Äq)Ê¸Ì»¹�³(  

 
Ì³�®�y�½�Á�ÄrÅZ)Ê¸Ì»¹�³( 

 

Cultivars Application of IAA 

Plumule dry weight (mg) ��ÅZ¯(%)  Radicle dry weight (mg) ��ÅZ¯(%)  Seedling dry weight (mg) ��ÅZ¯(%)  
�Àe�½Á|] º¯��ÀeÊ]M 

Decrease (%) 
�Àe�½Á|] º¯��ÀeÊ]M 

Decrease (%) 
�Àe�½Á|] º¯��ÀeÊ]M 

Decrease (%) 
Well water Water deficiency Well water Water deficiency Well water Water deficiency 

Pishtaz C 7.28±0.5 4.13±0.3 -43.2 5.48±0.5 2.76±0.3 -49.5 12.8±1.0 6.9±0.6 -45.9 

 
T1 6.57±0.1 6.29±0.2 -4.3 5.23±0.2 4.83±0.3 -7.8 11.8±0.2 11.1±0.4 -5.8 

 
T2 8.13±0.1 6.93±0.5 -14.8 6.32±0.1 6.36±0.8 0.6 14.5±0.2 13.3±1.3 -8.0 

Marvdasht C 6.15±0.3 5.21±0.4 -15.3 4.70±0.5 4.12±0.5 -12.5 10.9±0.7 9.3±0.8 -14.1 

 
T1 6.93±0.3 6.05±0.2 -12.7 5.36±0.2 5.06±0.2 -5.6 12.3±0.5 11.1±0.0 -9.6 

 
T2 7.22±0.3 6.48±0.1 -10.3 6.04±0.2 5.88±0.1 -2.6 13.3±0.4 12.4±0.1 -6.8 

336 C 6.32±0.4 4.75±0.5 -24.8 4.68±0.4 4.55±0.3 -2.8 11.0±0.7 9.3±0.8 -15.5 

 
T1 7.31±0.3 5.85±0.1 -19.9 5.76±0.2 4.68±0.3 -18.7 13.1±0.3 10.5±0.4 -19.4 

 
T2 8.08±0.4 7.25±0.4 -10.2 6.80±0.4 6.57±0.2 -3.4 14.9±0.8 13.8±0.6 -7.1 

DN-11 C 6.96±0.8 5.55±0.6 -20.4 5.28±0.1 4.16±0.5 -21.2 12.2±0.9 9.7±1.0 -20.7 

 
T1 8.76±0.3 6.95±0.1 -20.7 6.67±0.3 5.29±0.1 -20.6 15.4±0.6 12.2±0.1 -20.7 

 
T2 8.19±0.3 8.42±0.3 2.8 6.87±0.3 6.64±0.4 -3.3 15.1±0.7 15.1±0.4 0.0 

¾Ì´¿ZÌ» C 6.68±0.2 4.91±0.5 -25.9 5.03±0.1 3.90±0.4 -21.5 11.7±0.1 8.80±0.8 -24.1 

Mean T1 7.39±0.1 6.29±0.1 -14.4 5.75±0.1 4.96±0.2 -13.2 13.2±0.1 11.3±0.3 -13.9 

 
T2 7.90±0.1 7.27±0.3 -8.1 6.51±0.1 6.36±0.4 -2.2 14.4±0.2 13.6±0.6 -5.5 

C :�|ÅZ�)µÂ¸v»�Ä¿Â´rÌÅ�½Á|]Ê�Za(�,T1 :µÂ¸v»�Ê·Â¸��ºÌ�¬e�Ä¸u�»��{�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za)Ã{�³Ê¿Z�§Y(�,T2 :µÂ¸v»�Ä¿Y{�½|��a�Ä¸u�»��{�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za)�����Á�
Ã{�³��Y�| ]Ê¿Z�§Y.(  ��¾Ì´¿ZÌ»±��ZÌ »�ÃZ^f�Y 

C: Control, T1: Application of IAA at cell division stage (anthesis), T2: Application of IAA at grain filling stage (14 days after 
anthesis). Mean ± SE 

  
�µÁ|m�-��Ä�ËZ¬»µÂ¸v»�¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»Ä«Z��d^�¿��]�º«��Á�|Ì�Y�®Ìf�Y�Ê�ZaÄ�Ë��Ä]�Äq��ËY���dve�¹|À³�¦¸fz»�¹Z«�Y�Äq

º¯��Àe�Á��Àe�½Á|]Ã{�³��Y��a�Ê]MÊ¿Z�§Y.  
Table 6- Mean comparison of interactions between application of IAA and cultivar on plumule to radicle 

ratio in different wheat cultivars under well-water and post anthesis water deficiency. 
¹Z«�Y µÂ¸v»|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za Ä«Z��d^�¿Ä�Ë��Ä]�ÄqÄq 

 

Cultivars Application of IAA 

Plumule to radicle ratio ��ÅZ¯(%)  
�Àe�½Á|] º¯��ÀeÊ]M 

Decrease (%) 
Well water Water deficiency 

Pishtaz C 1.24±0.06 0.95±0.02 -23.4 

 
T1 0.96±0.03 1.11±0.07 15.5 

 
T2 1.11±0.12 1.20±0.03 8.9 

Marvdasht C 1.10±0.12 1.05±0.08 -4.3 

 
T1 0.85±0.0 0.75±0.02 -11.8 

 
T2 0.93±0.01 0.91±0.02 -1.7 

336 C 1.27±0.12 1.08±0.04 -14.5 

 
T1 1.11±0.03 0.95±0.03 -14.3 

 
T2 1.18±0.04 1.04±0.02 -12.1 

DN-11 C 1.37±0.14 1.32±0.12 -3.0 

 
T1 1.08±0.02 1.08±0.09 -0.5 

 
T2 1.20±0.06 1.24±0.02 3.0 

¾Ì´¿ZÌ» C 1.24±0.02 1.10±0.07 -11.3 

Mean T1 1.00±0.01 0.97±0.05 -2.8 

 
T2 1.10±0.03 1.10±0.02 -0.5 

C :�|ÅZ�)µÂ¸v»�Ä¿Â´rÌÅ�½Á|]Ê�Za(�,T1 :µÂ¸v»�Ê·Â¸��ºÌ�¬e�Ä¸u�»��{�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za)Ã{�³Ê¿Z�§Y(�,T2 :µÂ¸v»�Ä¿Y{�½|��a�Ä¸u�»��{�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za
)���Ã{�³��Y�| ]��Á��§YÊ¿Z.( �¾Ì´¿ZÌ»±��ZÌ »�ÃZ^f�Y 

C: Control, T1: Application of IAA at cell division stage (anthesis), T2: Application of IAA at grain filling stage (14 days after 
anthesis). Mean ± SE 
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�~]�ÄÌÀ]��yZ�  
º¯��Àe� �Y� �~]� ÄÌÀ]��ÅZ¯� \^�� Ê]M��/����Ä]

��/����|�)�µÁ|m�(.��½Y�Z°¼Å�Á�Y|¿ZÅ{)Dhanda et 

al., 2004 (Ä¿YÂm� ÄÌÀ] �|��{� Z]� Ä�ËZ¬»� �{� Y�� Ê¿�
Ä¿YÂm �Ê§� »� Ê°�y��Àe� Ä]� d¨�� ¾Ë�f�Z�u� Ê¿�
|¿{�¯ .�dÌ�Z�u� �Y� �Ì¿� ªÌ¬ve� ¾ËY� �{� d¨�� ¾ËY

º¯��Àe� Ä]�ÊËÓZ]{Â]� �Y{�Ây�]�Ê]M .��{�d¨��¾ËY
��ÅZ¯�¾Ë�f�Ì]�Ê���]�{�Â»�cZ¨���ËZ��Z]�Ä�ËZ¬»)� 

% (º¯��Àe�Ê��Y��d�Y{�Ê]M)�µÁ|m���Á�(.��Ä�ËZ¬»
Ã{Y{�¾Ì´¿ZÌ» �d�{Á�»�Á��Zf�Ìa�¹Z«�Y�Ä¯�|¿{Y{�½Z�¿�ZÅ
� ¾Ë�f�Ì])��/���� Á��/�� (� ¾ËÓ� Á��� )�/�� (

|¿{Â]� �Y{� Y�� �~]� ÄÌÀ]� ¾Ë�f¼¯.��½Y�Z°¼Å� Á� �Ì¼¸b�Y
)Spielmeyer et al., 2007 (¹|À³�Ä¯�|¿{�¯�¹Ô�Y �ÉZÅ

ÁY� ÄÌÀ]� �Y� �Y{�Ây�]ÉÂ«� ÄÌ· �Ë��� ,�e �t��� ÉÁ�]� �e
ÄËZ�� Zy Ê»� É�Y|¿Y |ÀÀ¯ .��ËY�§Y� \^�� �»Y� ¾ËY

¦¸�� Z]� d]Z«�� c�|« �d�{� �Y� �ÅZ¯� Á� ��Å� ÉZÅ
Ê»� [M� ¾f§� {Â� .�ºÌ�Àe� µZ¼�Y� ÉZÅ�Z¼Ìe� ¾Ì]� �{

µÂ¸v»� �Ì¿� |��� Ã|ÀÀ¯Ã{�³� ½Z»�� �{� ¾Ì�¯Y� Ê�Za-

� Á� Ê¿Z�§Y���Ã{�³� �Y� | ]� �Á���ËY�§Y� \^�� Ê¿Z�§Y
)\Ìe�e� Ä] ��/���� Á�/�� (�|ÅZ�� Ä]� d^�¿� ÄÌÀ]
)��/�� (|¿|�.   

�µÁ|m�-��Ä�ËZ¬»µÂ¸v»�¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»Ä¿YÂm�d�����]�º«��Á�|Ì�Y�®Ìf�Y�Ê�Za�Ê¿�)�Á���{��~](Ä¿YÂm�|��{�,�Ê¿� (%)�Á
º¯��Àe�Á��Àe�½Á|]��ËY���dve�¹|À³�¦¸fz»�¹Z«�Y��~]�ÄÌÀ]��yZ�Ã{�³��Y��a�Ê]MÊ¿Z�§Y.  

Table 7- Mean comparison of interactions between application of IAA and cultivar on speed of garmination 
(seed no.per day), germination percentage (%) and seedling vigor index in different wheat cultivars under 

well-water and post anthesis water deficiency. 

  
C :�|ÅZ�)µÂ¸v»�Ä¿Â´rÌÅ�½Á|]Ê�Za(�,T1 :µÂ¸v»�Ê·Â¸��ºÌ�¬e�Ä¸u�»��{�|Ì�Y�®Ìf�Y�µÁ|ÀËY�Ê�Za)Ã{�³Ê¿Z�§Y(�,T2 :µÂ¸v»�®Ìf�Y�µÁ|ÀËY�Ê�Za

�Ä¿Y{�½|��a�Ä¸u�»��{�|Ì�Y)���Ã{�³��Y�| ]��Á�Ê¿Z�§Y.(   �¾Ì´¿ZÌ»±��ZÌ »�ÃZ^f�Y  
C: Control, T1: Application of IAA at cell division stage (anthesis), T2: Application of IAA at grain filling stage (14 days 
after anthesis).  Mean ± SE 

  

� ½Y�Z°¼Å� Á�Ê��Y�)Zarei et al., 2007 (�Ä ·Z�»� Z]
`ÌeÂ¿�� �Y�Êy�] �Ê°�y� Ä]�¶¼ve� ��¿� �Y� ¹|À³�ÉZÅ

�Ä¯� |¿{�¯� ��Y�³� ÃZ´�ËZ»�M� Á� Ä���»� �ËY��� �{
`ÌeÂ¿� ¶¼vf»�ÉZÅ��Ä���»��ËY����{�Ê°�y��Àe�Ä]

�ÃZ´�ËZ»�M��ËY��� �{� �Ì¿�ÊËÓZ]�Ê°�y�Ä]�¶¼ve� �Y

� ½Y�Z°¼Å� Á�É|Ì �� Z»Y� ,|¿{Â]� �Y{�Ây�])Saeidi et 

al., 2007 (É�Ë���Á �½Y�Z°¼Å�Á�ZÌ¿)Azizinia et al., 

2005 (�Ä���»��ËY����{�¶¼ve�¾Ì]�{Ây�cZ ·Z�»��{
ÊÀ »��Z^e�Y�ÃZ´�ËZ»�M�Á�°¿�Ã|ÅZ�»�É�Y{|¿{.  
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 ÄnÌf¿Ê¸¯�É�Ì³  
�d�Y�\¸�»�¾ËY��´¿ZÌ]�ªÌ¬ve�¾ËY��Y�¶�Zu�lËZf¿

� Á�d�{Á�»� ¹Z«�Y� Ä¯DN-11 �¹Z«�Y� ÄÌ¬]� Ä]�d^�¿� Ä¯
�d�Z^¿Y�d¸��Ä]�{ZË��µZ¼fuY�Ä]�|¿�Y{�É�f�Ì]�{�°¸¼�

Äf�¿YÂe� {Ây� �Á~]� �{� ÄfyÁ|¿Y� �f�Ì]�º«�� |À¿Z»� |¿Y
Ä¿YÂm�cZÌ�Â�y���¿��Y��Zf�Ìa Ì¬]�Ä]�d^�¿��Ì¿�Ê¿��Ä

|À�Z]� Äf�Y{�É�e�]� ¹Z«�Y .�Ä¿Y{� {�°¸¼��|Ë|���ÅZ¯
º¯� �Àe� Ê�� d�{Á�»� º«�� �{�Ä¯� {Y{� ½Z�¿� Ê]M
º¯��Àe�Ä]�d^�¿�º«��¾ËY�dÌ�Z�u��ËZ���Y��f�Ì]�Ê]M

��Àe�Ê��Ä¿Y{� {�°¸¼���ÅZ¯�¾Ë�f¼¯�Á�d�Y�¹Z«�Y
� º«�� Ä]� �Â]�»� Êf]Â��DN-11�{Â] .µÂ¸v»�Ê�Za

�§Y� �]� ÃÁÔ�� �Ì¿� |Ì�Y�®Ìf�Y� µÁ|ÀËY�Á� {�°¸¼���ËY
�cZÌ�Â�y� {Â^Æ]� \^�� Ä���»� �{� Ä¿Y{� �Y�Å� ½�Á

Ä¿YÂm|Ë{�³�Ê°�y��Àe��ÌiZe�dve�¹|À³��Á~]�Ê¿� .
�ºÌ�Àe�¾ËY�µZ¼�Y��Y�Ã|»M�d�{�Ä]�lËZf¿�Ä]�ÄmÂe�Z]�Äf^·Y

� Ê·Â¸�� ºÌ�¬e� Ä¸u�»� �{� Äq�³Y� |��� Ã|ÀÀ¯)¶°�-

½�z»�Ã�Y|¿Y�É�Ì³ (µÂ¸v»�|Ì·Âe�\mÂ»�¾Ì�¯Y�Ê�Za
{�°¸¼��¾Ë�f�Ì]��Ã|ÀÀ¯�ºÌ�Àe�¾ËY�µZ¼�Y� Z»Y� ,|��Ä¿Y{

�Y�� �~]� dÌ¨Ì¯� ¾Ë�f�Ì]� Ä¿Y{� ½|��a� ÉY|f]Y� �{� |��
{Â¼¿�{ZnËY�| ]�Ê�Y���µZ���{�d�Z¯�ÉY�].  
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