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1. Microorganisms 
2� Plant Growth Promoting Bacteria(PGPR) 
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3� Enterobacter gergoviae 
4� Bacillus sp. 
5 . Pscudomonus fluorescence 
6 . P. putida 
7 . Rhizobium spp. 
8 . Azaspivillum spp. 
9 . Azotobacter spp. 



ÄËÂ���ÌiPe�É�f¯Z]�¦¸fz»�ÉZÅ�À��Â¸§��Z¿Â»Á{Â�����������������������������������������������������������������������������������������  ��� 

Denison, 2008����������/Ì¿�½Y�Y|/¿Zm�Ë��¾/ËY�Z/]��~/]�tÌ¬¸e
��Ä¨·Â»��ËY�§Y�h�Z]�Ä¿YÂm�ÉZÅ����¦/¸fz»�½ZÅZÌ³��{�Ê¿�

�À///e��ËY�///��d///ve�d///�Y�Ã|///��Ê///�Ìv»�ÉZ///Å�
�Ehteshami et al., 2009������Y�/³�Ê� ]��{��/ÅZ���½Z/Ì]

����É�f¯Z]�{�]�Z¯�Ä¯�d�Y�Ã|����|/����v»�ÉZÅ��ÃZ/Ì³��
����ËY�§Y�h�Z]�����Âm�|��{�Ä¿Y�����Ã|/��tÌ¬¸e��Z¼Ìe�Ê¿�

�|��|ÅZ���Z¼Ìe�Ä]�d^�¿�Gholami et al., 2009���  
���Ì�//¯Y�½Â//»�ÂÅ��fÀ//��¾Ì//Àr¼Å///�Âe�¾/�¾//ËY��

É�f¯Z]������ËY�§Y�h�Z]��Ì¿�ZÅÄÌÀ]��Ä/rÅZÌ³����Ê/»�Z/Å�{{�/³�
�Bharathi et al., 2004���¨f�Y�¾Ì///Àr¼Å/////��Y�Ã{Z

É�f¯Z]��|����v»�ÉZÅÃZÌ³����ºf�/Ì����f�/³�h�Z]�
����y�½�Á�Á�Ä�Ë������Ä/¿YÂm�Á�ÃZ/Ì³�®¿��///�Æ]�Ê�///��c�}��f

Ê»{Â���Gholami et al., 2009�����Ä/ ·Z�»�¾ËY��Y�¥|Å
��Ê���]�ÄËÂ���ÌiPe����É�f¯Z]�¦¸fz»�ÉZÅ»Á{Â�/�/¿Â/�Z�

�À��Â¸§��Ä¿YÂm��]���������/m�º/«��Á{�Ä/rÅZÌ³�|/���Á�Ê¿�/�Â�
{Â]�  
  

{YÂ»�Á��Á�ZÅ  
Ä]��Â�À»����]��Ê��/iY��ÄËÂ/������¦/¸fz»�ÉZ/Å��f¯Z/]�É

�Z¿Â»Á{Â���À��Â¸§��]�]ÄÌÀ��~]�Á��|/����Ä/rÅZÌ³��Á{�
º«��Âm��§Ìt�Á�¾¼Æ],�Z»�MË�Ê�]�� Äc�Â���Âf¯Z§Ë¶�
�{�\·Z«�s���0Ô»Z¯�§{Z�e��ÊZ]����Y�°e��{�Z»�MËÃZ´��

�É��ÁZ�¯� Ã|°�¿Y{�ÃZ´�¿Y{�³Ì½Ô�¹Zn¿Y�|������¾/ËY� �{
���ÉZÅ�~]��ËZ»�M����¾¼Æ]�Á�tÌ�§�º«��Âm���ÄËÂ/��Z]���ÉZ/Å

������ ,������� ,������ ,��	������ ,��	������� ,���	�������Á�
��	��	������À//��Â¸§��Z¿Â»Á{Â//��|¿|//��tÌ//¬¸e���

����������������/�¿��{�|ÅZ/��½YÂ/À��Ä/]�É�f¯Z/]�Z]�tÌ¬¸e�½Á|]��Z¼Ìe
|//��Ä//f§�³��É�f¯Z//]��ÃZ´�//ËZ»�M��{��//�¿�{�Â//»�ÉZ//Å

�������Ä/ÌÆe�k�/¯�[M�Á�Z/y�cZ/¬Ì¬ve�È�/�R»�É�Â/·ÂÌ]
|¿|����É�f¯Z]�dÌ ¼m�������tÌ/¬¸e�Ä/ËZ»�¹�³��Å��{�ZÅ,�����

� �����//f»�Ê//¸Ì»��//Å�Ê¿Â//¸¯�Ã|//ÀÅ{�¶Ì°�//e�|//uYÁ 

CFU/ml����|��{�ÁM�]�������Á�ÊÀ¸¯���Z¼���Á���Z�Y��]
�Ì//v»��Y�Ã{Z¨f//�Y�\//�ZÀ»�d�//¯�ÉZ//Å���Becking, 

2006����ÉY�/] �d�/¯ É�f¯Z//]��Y�Z/Å ��Ì/v» �d�//¯
Sperber��Ã{Z¨f/�Y���|/��Alef and Nannipieri, 1995���
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Ä«Z���Ä�Ë��Á�Äq�����Y|m��~]��Y�Äqd�³�����½M��/e�½�Á�Á���Z/Å
|��Ä^�Zv»�Ê·ZfÌnË{�ÉÁ�Y�e���Âe��  

�Ä�Ë��µÂ���Ä«Z��Á�Äq���������/y��Y�Ã{Z¨f/�Y�Z/]�Ä/q��/¯�
Ê¸Ì»É�f»�Ã�Y|¿Y��|��É�Ì³�������®�/y�½�Á�Ä^�Zv»�ÉY�]
Ä«Z���Ä�Ë��Á�Äq,Äq��Ä/¿Â¼¿����Z/Å�����c|/»�Ä/]������d�Z/���{�

ÉZ//»{����Ä//m�{�Êf¿Z//�{Y�//³��Y�//«�½ÁM��{�|//Àf§�³�Á�
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1 . Brady rhicobium juponicum 



ÄËÂ���ÌiPe�É�f¯Z]�¦¸fz»�ÉZÅ�À��Â¸§��Z¿Â»Á{Â�����������������������������������������������������������������������������������������  ��� 

�{Y{��Z�fyY�{Ây������Ä«Z/��Á�Ä�/Ë��µÂ/��Ä¯�ÊËZn¿M��Y
���yZ���Y�ÄÌ·ÁY�������Á�Â/¼¿�Á�|���ÉZÅ�Ä/ÌÀ]����[Â�/v»��~/]�

Ê»�Ê»�,|¿Â�������~]�tÌ¬¸e�Ä¯�{Â¼¿��ZÆ�Y�½YÂeZÅ�����Z/]�ZËÂ/��
��¹Â°Ì¿ÂaY��¹ÂÌ]Á�Ë��É{Y�]��Á����Z¿Â»Á{Â/��/À��Â¸§/��

�Z]/��ËY�§Y�h�Ä///ÌÀ]�/]�/�Ê/»��~��{{�/³�Hampton and 

TeKrony, 1995����½Y�Z//°¼Å�Á�Ê//¸¯�Klee et al., 

1991������É�f¯Z//]�Ä//¯�|//¿{�¯���Y�//³��Z¿Â»Á{Â//�
�À��Â¸§��½ZaÁ�aÂ¸°Ì�ÂÀÌ»M�ºË�¿M�-�-��cÔÌ�/¯Â]�¯

É{���ZÀÌ»MÎ�Ê/»�|Ì·Âe������Â¸°Ì/��Â/ÀÌ»M�Ä¸/�Z§Ô]�Ä/¯�|/À¯
��½ZaÁ�a-�-���Ä]�Y��cÔÌ�¯Â]�¯���Ìa�������ÉY�/]�¾¸Ì/eY�Ã{Z/»

yZ�////Ì¿Â»M�d//////eÂ]Âf¯Z¨·M�Á�Z/cY�ÌÏne�//Ë�////�Ä
Ê//»|//À¯���½ZaÁ�aÂ¸°Ì//��Â//ÀÌ»M�d//�¸£��ÅZ//¯-�-

�����������¾¸Ì/eY��Y|/¬»��ÅZ/¯�h/�Z]�ÃZÌ³�½Á�{�cÔÌ�¯Â]�¯
��������//iY��ÅZ//¯�\^//��½M�µZ//^¿{�Ä//]�Á�ÃZ//Ì³��{�Ã|//�

���Â���]�¾¸ÌeY�Ê³|¿�Y{�Z]�/Ë����������Ä/]�dËY|/Å�Á�Ä�/Ë��½|/��¶
Ê»�Ä�Ë��½|��¶ËÂ��d¼�{{�³��Patten and Glick, 

1996���É�f¯Z]�¥��»����½ZaÁ�aÂ¸°Ì/�ÂÀÌ»M�Ã|/ÀÀ¯-�-
��½Á�{�¾¸Ì//eY�d//�¸£��ÅZ//¯�ª//Ë����Y�cÔÌ�//¯Â]�¯
�������������½|/��¶/]Â��h/�Z]�,½�Á�fÌ¿��]ZÀ»�Ä]�½M�¶Ë|^e�Á�ÃZÌ³

Ä�Ë�Ê»�ZÅ|¿{�³��Carteaux et al., 2003����  
�̀ /Ì·{���½Y�Z/°¼Å�Á��Z/»Â¯�Dileep Kumar et al., 

2001���|//¿{Y{�½Z�//¿���~//]�tÌ//¬¸e�Ä//¯�ÉZÅ��Z//]�{Â//z¿�
��À��Â¸§��Z¿Â»Á{Â������������Ä«Z/��µÂ/���ËY�/§Y�Ä/]��/nÀ»�
|��|ÅZ���Z¼Ìe�Ä]�d^�¿����½Y�Z/°¼Å�Á��´yY�Akhgar 

et al., 2011������~/]�Ä/¯�|/¿{Y{�½Z�¿ÉZÅ���tÌ/¬¸e�ÉY�/¸¯�
����É�f¯Z]�Z]�Ã|�����À/��Â¸§��Z¿Â»Á{Â/�������Á�Ä«Z/��µÂ/��

�������|ÅZ/��Ä]�d^�¿�Y��Ä�Ë�������Á����������ËY�/§Y�|/��{�

                                                                                  

1 . Amino cyclopropane-1- Carboxylate Deaminase(ACC-
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2 . á- cetobutyrate 
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Table 1- Analysis of  variance (mean squares) of plant  growth promoting bacteria effect on some of 

germination indices and seedling growth of  two barley cultivars  
   cZ ]�»�¾Ì´¿ZÌ»��Mean Square 

(MS) 

     
 

   

ÄÌÀ]��yZ� 
Vigour 
Index 

Ä«Z��µÂ�Äq  

Plumule 
lentgh 

Ä�Ë��µÂ�Äq  

Radicle 
lentgh 

Ä«Z���e�½�ÁÄq  

Plumule  
fresh  

weight 

Ä�Ë���e�½�ÁÄq  

Radicle 
fresh weight

�®�y�½�Á
Ä«Z�Äq  

Plumule dry 
weight 

Ä�Ë��®�y�½�ÁÄq  

Radicle dry 
weight 

�[M�|��{
ÄrÅZÌ³ 

Seedling 
water% 

Ä¿YÂm�d���Ê¿�  

Germination 
speed 

Ä¿YÂm�|��{Ê¿�  

Germinatio
n 

percentage 

É{Y�M�Äm�{ 
df 

S.O.V 
 

cY�ÌÌ¤e��^À»  

76.42** 00.02ns33.20ns0.004**0.001ns0.00001ns0.00001ns 45.49ns 0.57** 61.94** 1 º«� Cultivar 

45.183** 873.92**1004.68**0.097**0.11**0.0005**0.0004** 979.53** 4.12** 973.74** 7 �É�f¯Z]�ÄËÂ� Bacterium 
strain 

3.93 ns 27.63**1.99ns0.002**0.004ns0.00004**0.00001ns 24.93** 0.072** 22.64** 7 É�f¯Z]×º«� Cultivar×Bact

erium 

5. 41 5.199.560.00050.0010.000070.00001 6.40 0.007 3.14 52 Z�y Error 

2.35 3.612.973.06 5.39 5.09 7.96 3.67 4.16 2.23 - 
�cY�ÌÌ¤e�\Ë��

�|��{�  
CV (%) 

ns�,�Á��ÊÀ »�¹|��\Ìe�e�Ä]ÊÀ »�Á�É�Y{�t����{�É�Y{�Ê»�½Z�¿�Y��|��{�®Ë�Á�|Å{�    
ns, * and ** show nonsignificant, significant at level 5% and significant at level 1% respectively. 
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Table 2- Mean comparisons of intraction effet bacterium strain × barley cultivar on some of characteristics  

Bacterium × Cultivar º«� É�f¯Z] 
Ä¿YÂm�|��{Ê¿�  

Germination 
percentage 

Ä¿YÂm�d���Ê¿�  
Germination 

speed 

�[M�|��{
ÄrÅZÌ³ 

Seedling 
water 

percentage 

Ä«Z���e�½�ÁÄq  
Plumule  

fresh  
weight (gr) 

Ä«Z��µÂ�Äq  
Plumule 
length 
(cm) 

ÄÌÀ]��yZ� 
Vigor 
index 

strain 103× Fasih tÌ�§ �ÄËÂ����  73.61 d 1.85 d 69.12 d 0.05 c 95.50 d 110.99 f 
strain 93× Fasih tÌ�§ �ÄËÂ���  74.32 d 1.72 d 67.10 cd 0.05 c 94.28 d 109.74 fg 

strain 63× Fasih tÌ�§ �ÄËÂ���  69.11 e 1.62 d 60.29 e 0/04 d 95.07 d 105.75 fg 

strain 93+103× Fasih tÌ�§ �ÄËÂ����	��  85.47 c 2.49 c 73.98 ab 0.05 c 102.86 c 145.53 d 
strain 63+103× Fasih tÌ�§ �ÄËÂ����	��  90.55 b 2.91 b 78.67 c 0.05 c 103.61 c 153.54 d 

strain 63+93× Fasih tÌ�§ �ÄËÂ���	��  84.73 b 2.61 c 74.35 ab 0.06 b 115.39 b 162.93 c 

strain 63+93+103× Fasih tÌ�§ �ÄËÂ�
���	��	��  93.53 a 3.76 a 88.08 a 0.06 b 128.09 a 197.17 b 

Control× Fasih tÌ�§ �|ÅZ��tÌ¬¸e�½Á|]�  54.39 f 1.06 e 47.62 g 0.04 d 88.69 e 72.35 h 

strain 103×Bahman ¾¼Æ] �ÄËÂ����  80.17 cb 1.30 d 67.23 cd 0.04 d 95.87 d 120.69 e 

strain 93×Bahman ¾¼Æ] �ÄËÂ���  79.55 d 1.32 d 58.97 e 0.05 c 94.93 d 119.15 f 

strain 63×Bahman ¾¼Æ] �ÄËÂ���  72.66 de 1.52 d 56.69 e 0.05 c 96.64 d 110.40 f 

strain 93+103×Bahman ¾¼Æ] �ÄËÂ����	��  84.87 b 2.42 c 67.47 cd 0.05 c 103.82 c 141.76 d 

strain 63+103×Bahman ¾¼Æ] �ÄËÂ����	��  86.36 c 2.74 82.34 b 0.06 b 105.72 c 145.64 d 

strain 63+93×Bahman ¾¼Æ] �ÄËÂ���	��  91.31 ab 2.52 c 76.93 c 0.07 a 117.78 b 175.02 c 

strain 
63+93+103×Bahman 

¾¼Æ] �ÄËÂ�
���	��	��  95.12 a 3.32 a 87.07 a 0.06 b 129.39 a 205.20 a 

Control×Bahman ¾¼Æ] �|ÅZ���½Á|]
tÌ¬¸e�  53.85 f 1.13 d 46.94 g 0.04 d 92.65 cd 78.28 h 

 �µZ¼fuY�t����{�É�Z»M�cÁZ¨e�|«Z§�|Àf�Å��f�»�¥�u�®Ë��{�¶«Y|u�Ä¯�½Âf���Å��{�ÃÁ�³��Å�{Y|�Y����|Àf�Å�¾°¿Y{�½Â»�M��Z�Y��]�Ã|���Y{�ÊÀ »�  
Means of each column having similar letters are not significantly different at level 5% according Duncan test. 

  
Á|m�µ�-¾Ì´¿ZÌ»�Ä�ËZ¬»�É�f¯Z]��ÌiPe�dve�¾¼Æ]�Á�tÌ�§�º«��ÉY�]�Ê���]�{�Â»�cZ¨��ÉZÅ|����v»�ÉZÅ 

Table3- Means comparison of investigated characteristics for Fasih�s and Bahman�s cultivars affected 
growth promoting bacteria   

¾Ì´¿ZÌ»�ZÅ�{ �Å ½Âf� ¾Ì´¿ZÌ»ÊWZÅ Ä¯ ÉY�Y{ ¥�u �f�» ,|Àf�Å �] �Z�Y ½Â»�M ¾°¿Y{ �{ t�� µZ¼fuY lÀa |��{ cÁZ¨e ÊÀ »É�Y{ |¿�Y|¿�  
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, 
using Duncan Test. 

µÁ|m��-��ÌiPe�dve�Ê¿��Ä¿YÂm�cZ¨��¾Ì´¿ZÌ»�Ä�ËZ¬»�|����v»�ÉZÅ�É�f¯Z]ÃZÌ³�  
Table4- Mean comparison of  germination indices influenced plant growth promoting bacteria  

Pseudomonas fluorescens 
strain 

�ÄËÂ���Z¿Â»Á{Â�
�À��Â¸§ 

Ä�Ë��®�y�½�ÁÄq  
Radicle dry weight (g) 

Äq�Ä�Ë���e�½�Á 
Radicle  fresh  weight (g) 

��µÂ�Ä�ËÄq  
Radicle length (cm) 

ÄÌÀ]��yZ� 
Vigour Index 

strain 103 �ÄËÂ���� 0.04 c 0.72 cd 95.65 d 11584.4 e 
strain 93 �ÄËÂ��� 0.04 c 0.68 d 94.61 d 11444.8 e 
strain 63 �ÄËÂ��� 0.04 c 0.68 d 98.85 d 10808.3 f 

strain 93+103 �ÄËÂ����	�� 0.05 b 0.78 c 103.34 c 14365.2 d 

strain 63+103 �ÄËÂ����	�� 0.05 b 0.85 b 104.66 c 14959.2 c 
strain 63+93 �ÄËÂ���	�� 0.06 a 0.88 ab 116.58 b 16898.0 b 

strain 63+93+103 �ÄËÂ����	��	�� 0.06 a 0.94 a 128.74 a 20119.0 a 
Control �|ÅZ��tÌ¬¸e�½Á|]� 0.04 c 0.50 e 90.67 d 7532.1 g 

�Y�µZ¼fuY�t����{�É�Z»M�cÁZ¨e�|«Z§�|Àf�Å��f�»�¥�u�®Ë��{�¶«Y|u�Ä¯�½Âf���Å��{�ÃÁ�³��Å�{Y|����¾°¿Y{�½Â»�M��Z�Y��]�Ã|���Y{�ÊÀ »
|Àf�Å�  

Means of each column having similar letters are not significantly different at level 5% according Duncan test.  

Cultivar º«� ÄÌÀ]��yZ� 
Vigor index 

��Ä¿YÂm�d��Ê¿�  
Germination speed   

Ä¿YÂm�|��{Ê¿�  
Germination percentage 

Ä«Z����e�½�Á�Äq�¹�³�  
Plumule  fresh  weight 

Fasih tÌ�§ 13702.3 a 2.25 a 78.21 b 0.76 a 
Bahman ¾¼Æ] 13225.4 b 2.03 b 80.48 a 0.74 b 
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½ZaÁ�aÂ¸°Ì�ÂÀÌ»M-�-�É{�cÔÌ�¯Â]�¯�ZÀÌ»M��Ê»���|/À¿YÂe
���Ä¿YÂm�Á�|ÀÅ{��ÅZ¯�Y��ÃZÌ³�¾¸ÌeY�½Y�Ì»��{Â/^Æ]�Y��ÃZÌ³�Ê¿�

|À�z]��É�f¯Z]|����v»�ÉZÅÃZÌ³��ZÅ�~]�t���Ä]�Êf«Á�
Ê»�����������{�Ã|��t��e�ÄÀÌ»M�ÉZÅ|Ì�Y�t��e�Ä]�x�Za��{�|À^�q

��|ÀËY�|Ì�Y�,�~]���Ê»��fÀ��®Ìf�Y�µÁ�����h�Z]�|Ì�Y�¾ËY�Ä¯�|ÀÀ¯
�µÂ¸��®Ë�ve���½M�½|/��¶ËÂ��Á�ÃZÌ³�ÉZÅ��Ê/»�Z/Å���{�{Â/�

�Ê»�ÄnÌf¿�����Ä¿YÂm�|��{�Á�d�����]�|¿YÂe�������iR/»�ZÅ�~/]�Ê/¿�
|À�Z]����������Ä¿YÂm��ËY�§Y�Ä¯�d�Y�Ã|��½ZÌ]��´Ë{�Ê¬Ì¬ve��{-
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Ê»��|/Å{�Gholami et al., 2009����iZ/eÌ���,º/«����f¯Z/]�ÉÁ�
�À°¼Å�]�º«�����{��f¯Z]��É�]��yZ���Ä/ÌÀ]��{��t�/���/Ë�®�

|��{��]Ì�Z�À »Ê��Y{�{Â]��µÁ|m�����������µÁ|/m�Ä]�ÄmÂe�Z]��
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���Ä¿YÂm�ÉÁ���]�Ê�ËZ»�M��Ê¿����¾Ë�f�Ì]�Ä¯�|���z�»�c�}
���ÄËÂ��Y��ÄÌÀ]��yZ������É�f¯Z/]��Y�ÉYPseudomonas���\^/��
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É{���ÄrÅZÌ³���Âe�¾¸ÌeY�|Ì·Âe��ÅZ¯�Á��ZÀÌ»M��d/»ÁZ¬»�,ZÅ
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���ÄËÂ��É�f¯Z]���	��	�������������¾/¼Æ]�Á�tÌ�/§�º/«��Á{��Å��{�
���\Ìe�e�Ä]��������Á������|��{��������|ÅZ/���Z¼Ìe�Á�¾Ë�f�Ì]

���Ì�§�,º«��Á{��Å��������Y�/§�É�Z/»M�ÃÁ�/³�®Ë��{�Ä¯�¾¼Æ]�Á�t
��\Ìe�e�Ä]�|Àf§�³������Á�����|��{������½Y�/Ì»�¾Ë�/f¼¯

|¿{Y{�½Z�¿�Y���  
  

ÄnÌf¿É�Ì³  
Ä]É�f¯Z]� Ä¯� {Y{� ½Z�¿� lËZf¿� Ê¸¯� �Â��ÉZÅ

�À��Â¸§��Z¿Â»Á{Â��0ÓZ¼fuY�Á��~]�Z]�Êf�Ë�¼Å�ªË����Y�
½Âq�É{YÂ»�t��e�¶Ì·{�Ä]ACC ½Â»�ÂÅ�Á��ZÀÌ»M{��ÊWZÅ

½ÂqÊ»� ¾¸ÌeY�Ä¿YÂm�®Ë�ve�h�Z]� |À¿YÂe�Ä¯� |¿Â�� Ê¿�
�½Y�Z°¼Å�Á�Z¼ËZ¯�Z]�Z»�lËZf¿�Kaymak et al., 2009��
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