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1- Plant Growth Promoting Rhizobacteria (PGPR)  

�Æ�§�€�Ê�Ž�y�Ç���£�€�»�� �9�H�6�� �6�4�� �G�4�Ž�¿�”�¦�,�� �4�6�Ï�Ç�� �J�Ž�Í�����Æ�€�Â�”�§�Ç

�~�Ç���� �¡�Ë�©�Ž�•�������� �����Æ�Î�Ç�� �F�U�H�£�”�€�Ê�����Ì�x�� �’�¦�,�� �J�£��Ë�¸�� �É�•�£�“

�x�� �Ž�•�� �/�Ø�»�� �’�ª�x�� �’�•�“�� �~�¯�,�6�,�� �£�—�x�,���Ì�™�,�Ï�Ç�� �F�'�� �4�Ï�‘�È

�� �¡�Ë�”�§�Í������ �������F�'�� �7�,�� �Ì�x�� �’�¦�,�� �Ì�Ê�U�H�£�”�€�Ê�� �4�Ï�x�� �Ž�Î�Ë�“�� �G�6�H�,

�~�Ç���Ì�•�� �F�,�Ï�“���� �4�£�x�� �G�4�Ž�¿�”�¦�,�� �~�{�£�•�� �Ì�•�¢�¼�“�� �/�6�Ï�¬�������� �����H

�~�Ç���G�6�H�,���Ž�•���~�{�£�•���Ì�•�¢�¼�“�����4�£�y�Å�È�¸���J�,�¤�™�,���H���4�£�y�Å�È�¸���¡�Ê�,�Ï�“

���¡�Í�4���¨�•�,�¤�¾�,���,�6���E�¡�Ë�{��������������

�Ì�¾�£�¬�� �’�Î�™�����A�£��Ç�� �~�•�,�6�Ž�x�� �¨�•�,�¤�¾�,�� �H�� �~�•�Ï�™

�J�£�”�x�Ž�•�� �7�,�� �G�4�Ž�¿�”�¦�,�� �#�Ì�Ê�U�H�£�”�€�Ê�� �J�Ž�Í�4�Ï�x���� �J�Ž�Í���¡�©�6�� �C�£�•�Ç

�’�€�‘�—�“���Ì�x���~�Ç���H���G�4�Ï�•���F�U�H�£�”�€�Ê���G�¡�Ë�Ë�x�����¡�©�6���D�Ï�²���6�4���¡�Ë�Ê�,�Ï�“

���#�¡�Ë�Í�4�� �6�,�£�Á�� �G�Ž�€�{�� �6�Ž�€�”�Ÿ�,�� �6�4�� �H�� �’�€�‘�—�“�� �,�6�� �F�U�H�£�”�€�Ê�� �#�G�Ž�€�{

�Ì�•�� �•�¦�Ž�Ë�Ç���~�Ç�� �£�¶�Ê���� �¡�¦�6���������� ���J�£�”�x�Ž�•�� �É�•�,�����É�È�¯�� �Ž�Í

���J�Ž�Í�4�Ï�x�� �~�•�,�6�Ž�x�� �¨�•�,�¤�¾�,�� �H�� �A�£��Ç�� �F�,�¤�€�Ç�� �¨�Í�Ž�x

���Ì�³�¦�,�H�� �Ì�•�� �F�Ž�Í�Ž�€�{�� �¡�©�6�� �¨�•�,�¤�¾�,�� �•�™�Ï�Ç�� �#�~�•�Ž�€�È�€�©

�~�Ç���F�U�H�£�”�€�Ê���-�¢�™���¨�•�,�¤�¾�,�����¡�Ê�Ï�©����������������

�~�Ç�� �,�6�� �G�Ž�€�{�� �J�¡�€�Ä�Ï�“�� �w�ª�Ÿ�� �G�4�Ž�Ç���Ì�•�� �F�,�Ï�“�����Ì�Å�€�¦�H

�«�Ÿ�Ž�©�����’�¸�£�¦���H���D�Ï��•�Ç���¡�©�6���’�¸�£�¦���Ã�€�‘�Á���7�,���~�•�Ž�Í

�Æ�Î�Ç���7�,���Ì�x���~�‘�§�Ê���¡�©�6���«�Ÿ�Ž�©���É�•�£�“���-�Ï�§�•�Ç���¡�©�6���J�Ž�Í

�~�Ç���4�,�4���6�,�£�Á���Ã�€�Å�•�“���H���Ì�•�¤�š�“���4�6�Ï�Ç���4�Ï�©�������G�4�Ž�¿�”�¦�,���~�•�,�6�Ž�x

�E�,�¡�Ê�,�� �Ì�•�� �w�ª�Ÿ�� �G�4�Ž�Ç�� �Æ�€�Î�§�“�� �#�6�Ï�Ê�� �7�,�����#�~�ª�•�,�7�� �J�Ž�Í

�Ž�©�Ç�� �¡�©�6�� �’�¸�£�¦�� �H�� �V�£�•�� �›�³�¦�� �«�Ÿ���D�Ï��•

�’�•�“���~�Ç�� �6�,�£�Á�� �F�U�H�£�”�€�Ê�� �£�€�–�ˆ�“���� �¡�Ê�£�€�{������ �����w�Ç�����¡�Ä�Ž�Ê�H�4

������������ �����E�Ž�Á�6�,�� �4�£�y�Å�È�¸�� �£�•�� �F�U�H�£�”�€�Ê�� �£�€�–�ˆ�“�� �~�¦�6�£�•�� �6�4

���G�4�Ž�Ç���#�F�U�H�£�”�€�Ê���A�£��Ç���¨�•�,�¤�¾�,���Ž�•���Ì�x���4�£�x���9�6�,�¤�{���E�¡�Ë�{

�Ì�•���w�ª�Ÿ���~�Ë�¹�Ç���6�Ï�²�����’�¾�Ž�•���¨�•�,�¤�¾�,���J�6�,�4���������������H���F�Ž�©�Ž�•
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�� �F�,�6�Ž�y�È�Í�������������7�� �$�� �F�,�6�Ž�y�È�Í�� �H�� �¡�•�,������������ �����4�Ï�‘�Î�•

�Ã�•�Ž�Á�����#�w�ª�Ÿ���G�4�Ž�Ç���Ì�™�Ï�“���F�,�6�Ž�y�È�Í���H���H�H�����������������¨�•�,�¤�¾�,

���J�Ž�Í�4�Ï�x�� �4�£�•�6�Ž�x�� �£�–�,�� �6�4�� �,�6�� �D�Ï��•�Ç�� �¡�©�6�� �’�¸�£�¦

���£�¬�Ž�Ë�¸�� �-�¢�™�� �6�4�� �¨�•�,�¤�¾�,�� �Ì�•�� �/�Ø�»�� �6�4�� �w�•�U�Ï�Ä�Ï�€�•

�J�£�”�x�Ž�•�� �Ì�³�¦�,�H�� �Ì�•�� �G�Ž�€�{�� �£�”�Î�•�� �¡�©�6�� �H�� �~�•�,�¢�»���’�‘�§�Ê�� �Ž�Í

�� �¡�Ê�4�,�4�����#�������H���������� ������ �£�‘�Ë�y�Ê�,�£�¾�� �H�� �Ï�”�€�Ê������������ �����˜�Ë�q

���6�4���,�6���/�6�5���Ì�“�Ï�•���~�•�,�Ï�Í���¨� �•���w�ª�Ÿ���F�7�H���F�¡�©���£�•�,�£�•

�x�Ž�•�Ï�“�7�,���4�£�•�6�Ž�x���¡�Ê�4�£�x���9�6�,�¤�{���E�Ï�x�Ï�x�H�£�x���£�”���������������˜�•�Ž�”�Ê

�¨�Í�H�v�q�� �F�,�6�Ž�y�È�Í�� �H�� �F�,�H�������������� �����¨�•�,�¤�¾�,�� �£�|�Ê�Ž�€�•�� �¤�€�Ê

�¨� �•�� �F�7�H���Ì�•�� �Ì�š�Ë�q�� �4�,�¡�¹�“�� �H�� �V�£�•�� �›�³�¦�� �#�~�•�,�Ï�Í�� �J�Ž�Í

�J�£�”�x�Ž�•�� �4�£�•�6�Ž�x�� �Ì�³�¦�,�H�� �4�Ï�•�� �¡�©�6�� �C�£�•�Ç�� �J�Ž�Í������������

�H�4�� �G�4�Ž�¿�”�¦�,�� �6�4�� �Ì�Ä�Ž�y�€�”�•�£�“�� �’�€�È�Í�,�����¨�Â�Ê�� �#�F�'�� �7�,�� �G�6�Ï�¶�Ë�Ç

�D�Ï�Å�•�Ç���J�£�”�x�Ž�•�� �H�� �F�U�H�£�”�€�Ê�� �~�©�Ž�q���� �G�¡�Ë�•�,�¤�¾�,�� �J�Ž�Í���6�4�� �¡�©�6

�~�¦�6�£�•�� �#�4�£�y�Å�È�¸�� �4�Ï�‘�Î�•�����6�4�� �G�¡�©�� �E�Ž�š�Ê�,�� �4�H�¡�•�Ç�� �J�Ž�Í

���¡�©�� �•�™�Ï�Ç�� �Ã�Ç�Ž�¸�� �H�4�� �É�•�,�� �E�(�Ï�“�� �¨�Ë�y�È�Í�� �£�•�� �:�Ï��Ÿ

�D�Ï�Å�•�Ç�� �E�(�Ï�“�� �4�£�•�6�Ž�x�� �Ž�“�����6�¢�•�� �›�€�Â�Å�“�� �H�� �F�U�H�£�”�€�Ê�� �4�Ï�x�� �~�©�Ž�q

�J�£�”�x�Ž�•�� �Ž�•�����~�•�,�6�Ž�x�� �#�4�£�y�Å�È�¸�� �£�•�� �J�¡�©�6�� �C�£�•�Ç�� �J�Ž�Í

�«�Ÿ�Ž�©�� �H�� �4�Ï�x�� �A�£��Ç�����4�6�Ï�Ç�� �Ì�Ä�Ž�y�€�”�•�£�“�� �J�¡�©�6�� �J�Ž�Í

�4�£�€�{���6�,�£�Á���~�¦�6�£�•��������

  ها مواد و روش
�Ì�•�����Ž�•�� �Ì�Ä�Ž�y�€�”�•�£�“�� �6�¢�•�� �›�€�Â�Å�“�� �£�–�,�� �~�¦�6�£�•�� �6�Ï�¶�Ë�Ç

�J�£�”�x�Ž�•���D�Ï�Å�•�Ç�� �H�� �¡�©�6�� �C�£�•�Ç�� �J�Ž�Í�����4�Ï�x�� �Ž�•�� �~�©�Ž�q

�«�Ÿ�Ž�©���#�4�Ï�x���A�£��Ç���~�•�,�6�Ž�x���£�•���Ì�Ê�U�H�£�”�€�Ê�����#�J�¡�©�6���J�Ž�Í

�Ì�ª�•�6�� �Æ�”�§�€�¦�� �H�� �4�£�y�Å�È�¸���� �D�Ž�¦�� �6�4�� �~�ª�•�Ž�Ç�7�'�� �#�J�,����������

���J�7�6�H�Ž�ª�x�� �E�Ï�Å�¸�� �G�¡�y�ª�Ê�,�4�� �~�“�Ž�Â�€�Â�•�“�� �Ì�¸�6�¤�Ç�� �6�4

�Ì�•�� �~�Å�€�•�4�6�,�� �À�Â�•�Ç�� �G�Ž�|�ª�Ê�,�4�����•�Ä�Ž�Á�� �6�4�� �Ã�•�6�Ï�”�x�Ž�¾�� �/�6�Ï�¬

���2�£�²�C�Ï�Å�•���Ì�•�Ž�q�����,�£�™�,���6�,�£�y�“���Ì�¦���6�4���~�¾�4�Ž��“���Ã�Ç�Ž�x���J�Ž�Í

�¡�©�� ���Ì�Â�‘�²�� �H�� �,�Ï�Í�� �H�� �-�'�� �£�¶�Ê�� �7�,�� �¨�•�Ž�Ç�7�'�� �Ã�•�Ç�����J�¡�Ë�•

�Ì�È�€�Ê�� �À�²�Ž�Ë�Ç�� �H�¤�™�� �~�È�€�Å�Á�,�����-�Ï�§�•�Ç�� �4�£�¦�� �w�ª�Ÿ

�~�Ç�����4�Ï�©�� ���� �6�Ž�Ç�'�� �8�Ž�¦�,�� �£�•�� �F�'�� �9�6�Ž�•�� �±�¦�Ï�”�Ç�������Ì�Ä�Ž�¦��

�� �É�€�•�� �~�¦�Ž�Ë�©�,�Ï�Í������–�������~�Å�€�Ç�����¨�€�•�� �Ì�x�� �’�¦�,�� �£�”�Ç�����£�“

�Ì�•���F�'���~�Ç���/�6�Ï�¬���F�Ž�”�§�Ç�7���Ã��¾���6�4���A�£�•���/�6�Ï�¬���4�£�€�{����

�¤�€�Ç�� �Ã�Á�,�¡�œ�� �É�€�|�Ê�Ž�€�Ç�� �H�� �/�×�H�¤�Ê�� �F�,���6�4�� �Ž�Ç�4�� �£�—�x�,�¡�œ�� �H

�Ì�•�� �¡�©�6�� �G�6�H�4�� �D�Ï�²���� �£�•�,�£�•�� �•�€�“�£�“����������~�Å�€�Ç�������#�£�”�Ç�� ��

������� �H����������~�”�Ê�Ž�¦�� �Ì�™�6�4�����4�Ï�•�� �4�,�£�{�� �����/�Ž�€�¬�Ï��Ÿ

�Ï�y�•�¤�€�¾���� �D�H�¡�™�� �6�4�� �~�ª�•�Ž�Ç�7�'�� �Ì�¸�6�¤�Ç�� �C�Ž�Ÿ�� �~�•�Ž�€�È�€�©����

�’�¦�,���G�¡�©���G�4�6�H�'�� 

����

���µ�Á�|�m�����Â�°�Ë�‚�Ì�§���c�Z�Ì�•�Â�•�y���Ä�Ë�‚�n�e���Š�Ë�Z�»�•�M���Ä�Ÿ�•�‚�»����Z�y���Ê�Ë�Z�Ì�¼�Ì�‹�� 
Table 1. Soil physico-chemical properties at experimental field.  

�Ì�� �ª�Ç����

trait����
pH 

���G�6�Ž��¸

�>�Ž�‘�©�, 

sp����

�w�Í�' 

CaCO3����

�8�6 

clay����

�’�Å�€�¦ 

silt����

�É�© 

sand����

�’�¾�Ž�• 

texture����

�~�Ä�'���É�•�£�x 

O.C����

�F�U�H�£�”�€�Ê 

N����

�£�¿�§�¾ 

P 

�Æ�€�¦�Ž�”�q 

K 

���¡�¬�6�4������
���¡�¬�6�4������

% 

�~�Å�€�Ç���E�£�{�Ï�Å�€�x���6�4���E�£�{����

mg kg-1 
�6�,�¡�Â�Ç 

amount����
7.8����

49����14.4����23����42����35����

�~�¦�6���~�Ç�Ï�Ä 

Silt loam����
0.62����0.06����29.8����212����

����

���Ž�•�� �6�¢�•�� �›�€�Â�Å�“�� �Ã�Ç�Ž�©�� �~�¦�6�£�•�� �4�6�Ï�Ç�� �J�Ž�Í�6�Ï�”�x�Ž�¾

�� �›�³�¦�� �6�Ž�Î�t�� �6�4�� �~�”�§�•�7�� �J�Ž�Í�4�Ï�x�����Ž�•�� �6�¢�•�� �›�€�Â�Å�“�� �E�¡�¸

�J�£�”�x�Ž�•���Ì�•�� �¡�©�6�� �C�£�•�Ç�� �J�Ž�Í�����Ž�•�� �›�€�Â�Å�“�� �#�¡�Í�Ž�©�� �F�,�Ï�Ë�¸

�� �É�•�£�”�¦�,�� �E�Ï�x�Ï�x�H�£�x�� �£�”�x�Ž�•�Ï�“�7�,�����E�H�£�¾�Ï�r�€�Ä�� �E�Ï�Å�•�£�r�¦�H�7�'�� �#

�� �É�•�£�”�¦�,OF���� �Ì�•�Ï�¦�� �,�¡�€�“�Ï�q�� �8�Ž�Ê�Ï�Ç�H�4�Ï�¦�� �H���� �����6�Ž�Î�t�� �H

�D�Ï�Å�•�Ç�� �F�Ž�Ç�7���� �G�6�H�,�� �4�Ï�x�� �Ž�•�� �~�©�Ž�q���D�Ï�Å�•�Ç�� �E�¡�¸�����#�~�©�Ž�q

�D�Ï�Å�•�Ç���Ì�È�y�t���Ì�Å�œ�£�Ç���6�4���~�©�Ž�q�����6�Ï�Î�µ���Ì�Å�œ�£�Ç���#�~�Ê�7���Ì�Å�‘�Ë�¦

�£�q���Ì�Å�œ�£�Ç���H�Ì�Ê�,�4���F�¡�©�����4�Ï�•�����J�£�”�x�Ž�•���Ì�§�¦�‰�Ç���7�,���B�Ï�¾���J�Ž�Í

�¡�©�� �Ì�€�Î�“�� �-�'�� �H�� �C�Ž�Ÿ�� �/�Ž�Â�€�Â�•�“�� �����Ì�€�Î�“�� �/�Ž�€�Å�È�¸�� �7�,�� �¡�¹�•

�� �£�”�§�•���Ì�”�ª�q�� �H�� �J�Ï�™�� �4�Ž�š�•�,�� �H�� �›�€�³�§�“�� �#�Æ� �©�� �����Ž�Í�6�¢�•

�Ì�•���”�©�Ž�x�� �/�£�x�� �£�Í�� �6�4�� �~�³�Ÿ�� �/�6�Ï�¬�¡�Ê�¡�©�� �Ì�� �����/�£�x�� �£�Í

�4�Ï�•�� �£�”�Ç�� �˜�Ë�q�� �D�Ï�²�� �Ì�•�� �’�©�Ž�x�� �±�Ÿ�� �˜�Ë�q�� �J�H�Ž�œ�� �����Æ�Á�6
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���D�Ž�Î�Ê���Ì�§�¦�‰�Ç���7�,���Ì�x���4�Ï�•���Ï�Å�€�Ê�'�Ï�™���G�4�Ž�¿�”�¦�,���4�6�Ï�Ç���Ì�Ä�Ž�y�€�”�•�£�“

�¡�©�� �Ì�€�Î�“�� �1�£�x�� �6�¢�•�� �H�� �����J�Ž�Í�4�Ï�x�� �Ž�•�� �6�¢�•�� �›�€�Â�Å�“�� �J�,�£�•

���F�'�� �E�£�{�� �£�Í�� �Ì�x�� �›�€�Â�Å�“�� �Ì�•�Ž�Ç�� �E�£�{�� �’�¿�Í�� �F�,�¤�€�Ç�� �#�~�”�§�•�7

�J�,�6�,�4�����������G�,�£�È�Í�� �Ì�•�� �4�Ï�•�� �D�Ž�¹�¾�� �H�� �G�¡�Ê�7�� �J�£�”�x�Ž�•�� �4�¡�¸��

�•�£�¸���º�È�¬���D�Ï�Å�•�Ç���Ì�•���›�€�Â�Å�“���Ì�•�Ž�Ç���£�”�Î�•���~�{�¡�Ë�‘�§�t���J�,�£�•���~

�¡�•�4�£�{�� �G�4�Ž�¿�”�¦�,�� �Ž�Í�6�¢�•�� ���Ì�•�� �<�Ï�Å� �Ç�� �É�•�,�����’�¸�Ž�¦�� �H�4�� �/�¡�Ç

�¡�©���G�4�,�4���6�,�£�Á���w�•�6�Ž�“���H���w�ª�Ÿ���Ã�•�Ç���6�4�������’�©�¢�{���7�,���¡�¹�•

�¶�Ê�� �4�6�Ï�Ç�� �F�Ž�Ç�7�� �Æ�x�,�£�“�� �Ž�•�� �Ž�Í�6�¢�•�� �£�������£�”�Ç�� �6�4�� �6�¢�•�����·�•�£�Ç

�¡�©�� �’�ª�x�� ���D�Ï�Å�•�Ç�����6�4�� �¡�¬�6�4�� �H�4�� �’�¶�Å�»�� �Ž�•�� �G�6�H�,�� �~�©�Ž�q

�F�Ž�Ç�7���’�¾�£�{���/�6�Ï�¬���G�¡�©���É�€�€�¹�“���J�Ž�Í�����Ž�€�•�'���É�€�Ä�H�,���¡�¹�•���J�6

�J�6�Ž�€�•�'���H���’�©�Ž�x���7�,�����~�³�€�•�Ç���±�•�,�£�©���Ì�•���Ì�”�§�•���J�¡�¹�•���J�Ž�Í

���É�€�¸�6�,�7�� �D�H�,�¡�”�Ç�� �A�£�¸�� �Ž�•�� �À�•�Ž�³�Ç�� �H�� �~�¸�,�6�7�� �G�Ž�€�{�� �7�Ž�€�Ê�� �H

�¡�©���E�Ž�š�Ê�,���Ì�Â�³�Ë�Ç�����½�Å�¸���D�£�”�Ë�x���¡�©�6���G�6�H�4���D�Ï�²���6�4�����J�Ž�Í

���Ì�Â�•�£�²���Ì�•���7�£�Í�½�Å�¸���7�,���G�4�Ž�¿�”�¦�,���Ž�•���É�€�Ë�u�È�Í���H���~�”�¦�4�����¨�x

�Ï�“���6�Ï�¾�����6�4�� �Æ�Í�� �F�'�� �¡�©�6�� �G�6�H�4�� �7�,�� �Ì�Å�œ�£�Ç�� �w�•�� �6�4�� �J�4
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1- Total Dry Matter 
2- Crop Growth Rate 
3- Relative Growth Rate 
4- Leaf Area Index 
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Figure 1. Variations of total dry matter in without nitrogen spraying (a), spraying in boot stage (b), ear 
emergence (c), grain filling period (d) in seed inoculation with plant growth promoting rhizobacteria.  
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Figure 2. Variations of crop growth rate in without nitrogen spraying (a), spraying in boot stage (b), ear 
emergence (c), grain filling period (d) in seed inoculation with plant growth promoting rhizobacteria.  
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Figure 3. Variations of relative growth rate in without nitrogen spraying (a), spraying in boot stage (b), ear 
emergence (c), grain filling period (d) in seed inoculation with plant growth promoting rhizobacteria.  
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Figure 4. Variations of leaf area index in without nitrogen spraying (a), spraying in boot stage (b), ear 
emergence (c), grain filling period (d) in seed inoculation with plant growth promoting rhizobacteria.  
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�6���¡�¬�6�4�� �w�•�� �D�Ž�È�”�œ�,�� �›�³�¦�� �6�4�� �~�•�,�Ï�Í�� �E�,�¡�Ê�,�� �Ì�•�� �Ì�ª�•�� ��

�~�Ë�¹�Ç�� �¡�¬�6�4�� �˜�Ë�q�� �H���� �¡�©�� �6�,�4���� �D�H�¡�™���� �������Ì�§�•�Ž�Â�Ç

�J�£�”�x�Ž�•�� �£�–�,�� �É�€�|�Ê�Ž�€�Ç�����4�,�4�� �F�Ž�ª�Ê�� �¡�©�6�� �C�£�•�Ç�� �J�Ž�Í�� ��

�¨�€�•�� �£�”�x�Ž�•�Ï�“�7�,�� �Ž�•�� �6�¢�•�� �›�€�Â�Å�“�� �Ì�x�����Ì�ª�•�6�� �F�7�H�� �É�•�£�“

��������������·�•�£�Ç�£�”�Ç�� �6�4�� �E�£�{���� �����Ž�•�� �6�¢�•�� �›�€�Â�Å�“�� �E�¡�¸�� �H

�J�£�”�x�Ž�•���Æ�x�� �¡�©�6�� �C�£�•�Ç�� �J�Ž�Í���� �6�,�¡�Â�Ç�� �É�•�£�“��������������� ��

�E�£�{�£�”�Ç���6�4�����·�•�£�Ç�����4�,�4���:�Ž��”�Ÿ�,���4�Ï�Ÿ���Ì�•���,�6�����¨�€�•�����É�•�£�“

�Ì�ª�•�6�� �Æ�š�œ �����������~�”�Ê�Ž�¦�����£�”�Ç���/�£�x�� �£�Í�� �6�4�� �•�¹�y�Ç������ ��

�Æ�x�� �H�� �£�”�x�Ž�•�Ï�“�7�,�� �Ž�•�� �6�¢�•�� �›�€�Â�Å�“�� �7�,�� �¤�€�Ê�����F�'�� �É�•�£�“�� ��

������������ �#���������� �#���������~�”�Ê�Ž�¦�����£�”�Ç���/�£�x�� �£�Í�� �6�4�� �•�¹�y�Ç����

���›�€�Â�Å�“�� �#�¡�©�6�� �C�£�•�Ç�� �J�£�”�x�Ž�•�� �Ž�•�� �6�¢�•�� �›�€�Â�Å�“�� �E�¡�¸�� �Ì�•�� ��

�{�� �w�•�� �6�4�� �8�Ž�Ê�Ï�Ç�H�4�Ï�¦�� �H�� �E�Ï�Å�•�£�r�¦�H�7�'�� �Ž�•�� �6�¢�•���G�H�£

�� �’�©�,�4�� �À�Å�¹�“�� �C�£�”�ª�Ç�� �J�6�Ž�Ç�'���� �D�H�¡�™���� �������Ì�§�•�Ž�Â�Ç

�J�£�”�x�Ž�•�� �£�–�,�� �J�6�Ž�È�€�“�� �•�€�x�£�“�� �É�€�|�Ê�Ž�€�Ç�����C�£�•�Ç�� �J�Ž�Í�� ��

�D�Ï�Å�•�Ç�� �H�� �¡�©�6���� �F�U�H�£�”�€�Ê�� �~�©�Ž�q�£�|�Ê�Ž�€�•���Ì�x�� �4�Ï�•�� �F�'��

�¨�€�•�����~�•�,�Ï�Í���E�,�¡�Ê�,���Ì�•���Ì�ª�•�6���F�7�H���’�‘�§�Ê���É�•�£�“����������������7�,

�D�Ï�Å�•�Ç�� �J�6�Ž�È�€�“�� �•�€�x�£�“���Ì�È�y�t�� �Ì�Å�œ�£�Ç�� �6�4�� �~�©�Ž�q���� �~�Ê�7���!

�Æ�x�� �H�� �£�”�x�Ž�•�Ï�“�7�,�� �Ž�•�� �6�¢�•�� �›�€�Â�Å�“���� �F�'�� �É�•�£�“����������� �����<�Ï�•�£�Ç

�D�Ï�Å�•�Ç�� �E�¡�¸�� �Ì�•���� �~�©�Ž�q�� �!�J�£�”�x�Ž�•�� �Ž�•�� �›�€�Â�Å�“�� �E�¡�¸�����J�Ž�Í

�� �4�Ï�•�� �¡�©�6�� �C�£�•�Ç���� �D�H�¡�™���� ������ �F�Ž�©�Ž�•���������������6�Ž�Î�µ�,��

�� �Ì�x�� �’�©�,�4�Ì�ª�•�6�� �Æ�”�§�€�¦�����É�•�,�� �/�6�H�Ž�š�Ç�� �6�4�� �6�,�4�H�Ž�t�� �J�,

�J�£�”�x�Ž�•�������� �4�,�4�� �F�Ž�ª�Ê�� �¨�•�,�¤�¾�,�� �¡�¬�6�4�������������~�¦�6�£�•�� �6�4��

�� �J�£�|�•�4�� �J�£�”�x�Ž�•�$�]�R�W�R�E�D�F�W�H�U�� �F�K�U�R�R�F�R�F�F�X�P������

�¨�•�,�¤�¾�,�� �•�™�Ï�Ç�������•�6�� �w�ª�Ÿ�� �F�7�H�� �J�¡�¬�6�4�����6�4�� �Ì�ª
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�� �¡�©�� �E�¡�Ë�{�������� ������ �F�,�6�Ž�y�È�Í�� �H�� �~�u�x�Ž�È�x�Ž�t��������������

�J�£�”�x�Ž�•�� �Ž�•�� �Ï�™�� �J�Ž�Í�6�¢�•�� �›�€�Â�Å�“�� �Ì�x�� �¡�Ê�4�,�4�� �F�Ž�ª�Ê�����J�Ž�Í

�w�•�£�•�“�����H�� �D�Ï�²�� �¨�•�,�¤�¾�,�� �•�™�Ï�Ç�� �#�G�Ž�€�{�� �¡�©�6�� �G�¡�Ë�Ë�x�� ��

�Ì�ª�•�6�� �F�7�H���~�Ç�� �Ï�™�� �J�Ž�Í���� �4�4�£�{������ �������¨�•�,�¤�¾�,�� �F�Ž�Ê�'�� ��

�J�£�”�x�Ž�•���~�Ÿ�£�•���Ž�•���›�€�Â�Å�“���Ì�•���¨�Ë�x�,�H���6�4���Ï�™���Ì�ª�•�6���F�7�H�����Ž�Í

�� �7�,�� �¨�€�•�� �#�¡�Í�Ž�©�� �6�Ž�È�€�“�� �Ž�•�� �Ì�§�•�Ž�Â�Ç�� �6�4�� �,�6�������H�� �¡�¬�6�4��

�E�,�¡�Ê�,���F�7�H���J�£�”�x�Ž�•���Ž�•���›�€�Â�Å�“�� �Ì�³�¦�,�H���Ì�•���~�•�,�Ï�Í�� �J�Ž�Í�����,�6���Ž�Í

��������� �Ž�“������������9�6�,�¤�{�� �J�£�”�x�Ž�•�� �>�Ï�Ê�� �Ì�•�� �Ì�”�§�•�� �¡�¬�6�4��

�¡�Ê�4�£�x������

�½�ƒ�Á�€�f�Ì�¿�� �¥�€�•�»�� �Ê�Ë�Y�•�Z�¯�����£�–�,�� �Ì�x�� �4�,�4�� �F�Ž�ª�Ê�� �˜�•�Ž�”�Ê��

�J�£�”�x�Ž�•���D�Ï�Å�•�Ç�� �F�Ž�Ç�7�� �H�� �¡�©�6�� �C�£�•�Ç�� �J�Ž�Í�����4�Ï�x�� �~�©�Ž�q

���›�³�¦�� �6�4�� �Ì�Ê�U�H�£�”�€�Ê�� �4�Ï�x�� �A�£��Ç�� �~�•�,�6�Ž�x�� �£�•�� �Ì�Ê�U�H�£�”�€�Ê

�Ç�� �¡�¬�6�4�� �w�•�� �D�Ž�È�”�œ�,�~�Ë�¹���� �¡�©�� �6�,�4���� �D�H�¡�™���� �������Ì�§�•�Ž�Â�Ç

�É�€�|�Ê�Ž�€�Ç���¨�€�•�� �Ì�x�� �4�,�4�� �F�Ž�ª�Ê�� �Ž�Í�����4�Ï�x�� �A�£��Ç�� �~�•�,�6�Ž�x�� �É�•�£�“

������������E�£�{�Ï�Å�€�x���6�4���E�£�{�Ï�Å�€�x�������D�Ï�Å�•�Ç���Ì�•�����F�Ž�Ç�7���6�4���~�©�Ž�q

�Ì�È�y�t���Æ�x���H���~�Ê�7�����F�'���6�,�¡�Â�Ç���É�•�£�“������������H������������E�£�{�Ï�Å�€�x��

�E�£�{�Ï�Å�€�x�� �6�4�� ���D�Ï�Å�•�Ç�� �Ì�•�������H�� �Ì�Å�‘�Ë�¦�� �6�Ï�Î�µ�� �F�Ž�Ç�7�� �6�4�� �~�©�Ž�q

�•���6�4���Ì�x���’�©�,�4���À�Å�¹�“���Ì�Ê�,�4���F�¡�©���£�q���F�Ž�Ç�7���J�6�Ž�Ç�'���G�H�£�{���w

�� �¡�Ë�”�©�,�4�� �6�,�£�Á�� �C�£�”�ª�Ç���� �D�H�¡�™���� �����~�¦�Ï�²�����H�� �Ã�Î�x

�� �F�,�6�Ž�y�È�Í������������ �����6�Ž�È�€�“�� �6�4�� �Ì�x�� �¡�Ë�”�©�,�4�� �6�Ž�Î�µ�,

�D�Ï�Å�•�Ç���Ì�•�� �~�Í�¡�Å�{�� �7�,�� �Ã�‘�Á�� �Ì�Å�œ�£�Ç�� �6�4�� �Ã�È�y�Ç�� �~�©�Ž�q�����Ã�€�Ä�4

���G�4�Ž�¿�”�¦�,�� �H�� �•�¦�Ž�Ë�Ç�� �6�,�¡�Â�Ç�� �Ì�•�� �F�U�H�£�”�€�Ê�� �F�4�Ï�•�� �8�£�”�¦�4�� �6�4

���#�~�•�Ï�ª�•�'�� �7�,�� �~�©�Ž�Ê�� �/�Ž�¿�Å�“�� �#�4�Ï�x�� �É�•�,�� �7�,�� �G�Ž�€�{�� �Ì�Ë�€�Î�•

�Í�Ž�x���¡�€�¹��“���H���F�Ï�€�¦�Ž�y�€�¿�•�£�”�€�Ê�4�¨�������¨�•�,�¤�¾�,���F�Ž�y�Ç�,���H���Ì�”�¾�Ž�•

�~�Ç�� �Æ�Í�,�£�¾�� �F�U�H�£�”�€�Ê�� �-�¢�™���Ì�•�� �£�š�Ë�Ç�� �£�Ç�,�� �É�•�,�� �Ì�x�� �4�Ï�©

���~�•�,�6�Ž�x���4�Ï�‘�Î�•���É�È�¯���Ì�x���G�¡�©���Ì�Ê�,�4���Ì�•���4�Ï�x���•�¦�Ž�Ë�Ç���D�Ž�Â�”�Ê�,

�~�Ç�� �£�š�Ë�Ç�� �Ì�Ê�,�4�� �4�£�y�Å�È�¸�� �¨�•�,�¤�¾�,�� �Ì�•�� �#�4�Ï�x�� �A�£��Ç�����4�4�£�{

�������� �����J�£�”�x�Ž�•�� �£�–�,�� �É�€�|�Ê�Ž�€�Ç�� �Ì�§�•�Ž�Â�Ç�����£�•�� �¡�©�6�� �C�£�•�Ç�� �J�Ž�Í

�¨�€�•�� �Ì�x�� �4�,�4�� �F�Ž�ª�Ê�� �4�Ï�x�� �A�£��Ç�� �~�•�,�6�Ž�x�����~�•�,�6�Ž�x�� �É�•�£�“

������������E�£�{�Ï�Å�€�x�� �6�4�� �E�£�{�Ï�Å�€�x���� �����Ž�•�� �6�¢�•�� �›�€�Â�Å�“�� �6�4

�Æ�x���H���E�Ï�x�Ï�x�H�£�x���£�”�x�Ž�•�Ï�“�7�,�����F�'���É�•�£�“������������6�4���E�£�{�Ï�Å�€�x��

�E�£�{�Ï�Å�€�x�� ���J�£�”�x�Ž�•�� �Ž�•�� �6�¢�•�� �›�€�Â�Å�“�� �E�¡�¸�� �’�Ä�Ž�œ�� �6�4�����J�Ž�Í

�Ì�•�� �¡�©�6�� �C�£�•�Ç���� �¡�Ç�'�� �’�¦�4���� �D�H�¡�™���� �������H�� �J�¡�Ë�x

�� �F�,�6�Ž�y�È�Í������������ ���~�¦�6�£�•�� �~�²�����6�Ž�Î�µ�,�� �~�¿�Å�”� �Ç�� �J�Ž�Í

�Ì�•�� �£�”�x�Ž�•�Ï�“�7�,�� �Ì�x�� �¡�Ë�”�©�,�4���w�•�£�•�“�� �F�,�Ï�Ë�¸���©�6�� �G�¡�Ë�Ë�x���¡

���¡�€�Ä�Ï�“�� �Ž�•�� �~�Ä�Ï�y�Å�Ç�� �F�U�H�£�”�€�Ê�� �’�€�‘�—�“�� �7�,�� �£�€�»�� �#�~�Í�Ž�€�{

�F�Ï�Ç�6�Ï�Í�����¡�€�Ä�Ï�“���¨�•�,�¤�¾�,���Ì�•���£�š�Ë�Ç���É�€�§�x�,���¡�Ë�Ê�Ž�Ç���¡�©�6���J�Ž�Í

���H���C�Ž�Ÿ���7�,���~�•�,�¢�»���£�¬�Ž�Ë�¸���-�¢�™���H���Ì�ª�•�6���G�¡�Ë�ª�x���J�Ž�Í�6�Ž�“

�~�Ç�� �4�Ï�x�� �A�£��Ç�� �~�•�,�6�Ž�x�� �4�Ï�‘�Î�•�� �•�‘�¦�� �’�•�Ž�Î�Ê�� �6�4�����¡�Ê�Ï�©

���������������F�,�6�Ž�y�È�Í���H���w�§�Ê�Ž�Ç�����������������G�4�Ž�¿�”�¦�,���Ì�x���¡�Ë�”�¾�Ž�•�6�4

�•���£�”�x�Ž�•�Ï�“�7�,���›�€�Â�Å�“���Ì�•�Ž�Ç���7�,�Ì�ª�•�6���Æ�x�,�£�“���H���D�Ï�²���¨�•�,�¤�¾�,���Ž�����Ž�Í

���4�£�y�Å�È�¸�� �H�� �F�U�H�£�”�€�Ê�� �A�£��Ç�� �~�•�,�6�Ž�x�� �¨�•�,�¤�¾�,�� �•�‘�¦

�~�Ç���4�4�£�{�� �����J�U�Ï�Ä�Ï�¾�£�Ç�� �H�� �G�7�,�¡�Ê�,�� �6�4�� �£�€�€�¼�“�� �#�É�€�Ë�u�È�Í

�Ì�ª�•�6�� �~�Å�Ÿ�,�4�� �H�� �~�™�6�Ž�Ÿ���Ì�•�� �Ž�Í�����’�‘�—�Ç�� �£�€�–�ˆ�“�� �Ã�€�Ä�4

�J�£�”�x�Ž�•�����~�¦�£�”�¦�4���6�4���Ì�ª�•�6���~�•�Ž�Ê�,�Ï�“���£�•���#�¡�©�6���C�£�•�Ç���J�Ž�Í

�·�€�¦�H�� �Æ�š�œ�� �Ì�•���� �Ì�”�©�,�¢�{�� �£�–�,�� �C�Ž�Ÿ�� �£�“�������� �����’�€�Å�•�Ž�Á�� �H

�™���H�� �G�4�Ž�¿�”�¦�,���G�4�,�4�� �¨�•�,�¤�¾�,�� �,�6�� �-�'�� �H�� �~�•�,�¢�»�� �£�¬�Ž�Ë�¸�� �-�¢

���H�� �4�Ï�x�� �A�£��Ç�� �~�•�,�6�Ž�x�� �¨�•�,�¤�¾�,�� �Ì�•�� �£�š�Ë�Ç�� �’�•�Ž�Î�Ê�� �6�4�� �Ì�x

�¨�€�•�� �4�£�y�Å�È�¸���� �¡�©�� �¡�Í�,�Ï�Ÿ�� �£�“�������� �������H�� �F�7�H�� �É�€�Ë�u�È�Í

�J�£�”�x�Ž�•���Ž�•���6�¢�•���›�€�Â�Å�“���Ì�³�¦�,�H���Ì�•���Ì�ª�•�6���Æ�š�œ�����C�£�•�Ç���J�Ž�Í

�� �’�¾�Ž�•�� �¨�•�,�¤�¾�,�� �¡�©�6���� �D�H�¡�™���� �����H�� �F�7�H�� �¨�•�,�¤�¾�,�� �Ž�•�� �Ì�x

�Ÿ�,���6�4���~�”�œ�,�6���Ì�•���~�•�,�¢�»���4�,�Ï�Ç���H���£�¬�Ž�Ë�¸���#�Ì�ª�•�6���Æ�š�œ���6�Ž�€�”

���~�•�,�6�Ž�x�� �¨�•�,�¤�¾�,�� �Ì�•�� �£�š�Ë�Ç�� �’�•�Ž�Î�Ê�� �6�4�� �H�� �Ì�”�¾�£�{�� �6�,�£�Á�� �G�Ž�€�{

�~�Ç���4�Ï�x���A�£��Ç���4�4�£�{������

����

����

����

����
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�� �µ�Á�|�m�����É�€�f�¯�Z�]�� �É�•�Z�¼�Ì�e�� �\�Ì�¯�€�e�� �€�i�Y�� �¾�Ì�´�¿�Z�Ì�»�� �Ä�ˆ�Ë�Z�¬�»�����µ�Â�¸�v�»�� �½�Z�»�•�� �Á�� �|�‹�•�� ��€�v�»�� �É�Z�Å�����{�€�°�¸�¼�Ÿ�� �É�Y�‚�m�Y�� �Á�� �{�€�°�¸�¼�Ÿ�� �€�]�� �½�ƒ�Á�€�f�Ì�¿�� �Ê�‹�Z�a

�Ä�·�Z�°�Ì�f�Ë�€�e���� 
Table 3. Mean comparison of effects of plant growth promoting rhizobacteria and spraying time of nitrogen on 
yield and yield components of triticale. 

���•�€�x�£�“

�J�6�Ž�È�€�“����

���Ì�“�Ï�•���>�Ž�¿�“�6�,

���~�”�Ê�Ž�¦�����£�”�Ç

�“�Ï�•���6�4�Ì�� 
Plant 
heigh 
(cm)��

���Ì�Å�‘�Ë�¦���D�Ï�²

���~�”�Ê�Ž�¦�����£�”�Ç 

�Ì�“�Ï�•���6�4�� 
Ear length 

(cm)����

���Ì�Ê�,�4���4�,�¡�¹�“

�Ì�Å�‘�Ë�¦���6�4 
Number 
of grain 
per ear��

�7�H�¡�¬���F���Ì�Ê�,�4

���E�£�{�� 
Grain 100 
weigh (g)��

���Ì�Ê�,�4���4�£�y�Å�È�¸

�����6�4���E�£�{

�£�”�Ç�·�•�£�Ç�� 
Yield per 

area  
(g per area)����

���4�£�y�Å�È�¸

���w�•�U�Ï�Ä�Ï�€�•�����E�£�{

�£�”�Ç���6�4�·�•�£�Ç�� 
Biological 

yield (g.m2) 

���«�Ÿ�Ž�©

���’�©�,�4�£�•

���¡�¬�6�4�� 
(%)����

Harvest 
index��

���F�7�H���’�‘�§�Ê

���E�,�¡�Ê�,���Ì�•���Ì�ª�•�6

�~�•�,�Ï�Í 
Shoot to 
root ratio��

M0×B0 
e��74.9����l��8.7����j��25.8����i��3.2����g��393����j��1023����cd��38.4����j��0.07����

M0×B1����
abc��94.9����gh��10.6����c��41.8����d��4.5����bcd��650����abc��1663����cd��39.1����de��0.12����

M0×B2 
ab��96.1����ij��10.1����f��36����f��4.1����ef��528����fg��1388����cd��38.2����g��0.1����

M0×B3����
abc��91.3����k��9.6����i��28.2����h��3.5����de��567����gh��1327����abc��42.3����i��0.09����

M1×B0����
abc��95.1����fg��10.7����e��38.3����f��4.1����cd��633����abc��1658.3����cd��39.1����fe��0.11����

M1×B1����
abc��94.4����a��12.6����a��48.8����a��5.2����a��846����a��1783����a��47.5����a��0.17����

M1×B2����
a��99.2����b��12����b��45.1 b��5����bc��702����ab��1729����bcd��40.8����b��0.14����

M1×B3����
abcd��88.1����c��11.6����c��41.5����c��4.8����d��614����abc��1608����cd��38.3����e��0.11����

M2×B0����
cde��82.9����hi��10.3����fg��35.3����f��4.2����fg��474����hi��1238����cd��37.4����hi��0.09����

M2×B1����
ab��97.7����bc��11.7����a��46.8����b��5����b��730����cde��1584����a��46.4����b��0.14����

M2×B2 
abc��94.3����de��11.2����c��42.7����d��4.5����de��595����cde��1536����cd��39.1����cd��0.12����

M2×B3����
bcde��85.8����ef��11����cd��40.8����ef��4.3����ef��528����def��1489����de��35.6����fg��0.1����

M3×B0����
abc��95.7����jk��9.7����h��31.7����g��3.8����g��417����ij��1141����cde��36.7����i��0.08����

M3×B1����
abc��91.7����cd��11.5����b��45.4����de��4.4����cd��635����abc��1658����cd��38.4����c��0.13����

M3×B2����
abc��95.8����fg��10.7����de��39.2����f��4.1����de��592����bcd��1607����cde��36.8����e��0.12����

M3×B3����
ab��98.6����j��10����gh��33.1����g��3.9����de��562����ef��1461����cd��38.6����gh��0.1����

LSD5% 5.5����0.16����1.1����0.09����39.7����63.2����3.2����0.004����

�É�€�|�Ê�Ž�€�Ç���~�Ë�¹�Ç���J�6�Ž�Ç�'���A�Ø�”�Ÿ�,���F�Ï�”�¦���£�Í���6�4���Ì�•�Ž�ª�Ç���A�H�£�œ���Ž�•���J�Ž�Í���¡�Ê�6�,�¡�Ê���Æ�Í���Ž�•���J�6�,�4���� 
Means with similar letters in each column are not significantly different. 

����

�D�Ï�Å�•�Ç���F�Ž�Ç�7���6�4���Ì�Ê�U�H�£�”�€�Ê���4�Ï�x���~�©�Ž�q���½�Å�”� �Ç���J�Ž�Í���E�¡�¸�D�Ï�Å�•�Ç�����D�Ï�Å�•�Ç���#�~�©�Ž�q���Ì�È�y�t���Ì�Å�œ�£�Ç���6�4���~�©�Ž�q�����£�q���Ì�Å�œ�£�Ç���6�4���H���Ì�Å�‘�Ë�¦���6�Ï�Î�µ���Ì�Å�œ�£�Ç���6�4���#�~�Ê�7

�Ì�Ê�,�4�� �F�¡�©�����Ì�•���Ì�•�� �•�€�“�£�“�����/�6�Ï�¬M0�� �#M1�� �#M2�� �H��M3�� �›�€�Â�Å�“�� �›�³�¦���6�Ž�Î�t�� �H�����Ì�•�� �J�£�”�x�Ž�•�� �Ž�•�� �6�¢�•�� �›�€�Â�Å�“���E�¡�¸�����#�£�”�x�Ž�•�Ï�“�7�,�� �Ž�•�� �6�¢�•�� �›�€�Â�Å�“�� �#�¡�Í�Ž�©���F�,�Ï�Ë�¸

���8�Ž�Ê�Ï�Ç�H�4�Ï�¦���H���E�Ï�Å�•�£�r�¦�H�7�'�������Ì�•���Ì�•���•�€�“�£�“�����/�6�Ï�¬B0���#B1���# B2�H��B3�~�Ç�����¡�©�Ž�•��������
����

M0, M1, M2 and M3 are without spraying as control, spraying in boot stage, ear emergence, grain filling period 
respectively B0, B1, B2 and B3 are without inoculation as control, seed inoculation with �$�]�R�W�R�E�D�F�W�H�U, �$�]�R�V�S�L�U�L�O�O�X�P, 
�3�V�H�G�R�P�X�Q�D�V������
 

����

����

����

����
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�� �µ�Á�|�m�������É�€�f�¯�Z�]�� �É�•�Z�¼�Ì�e�� �\�Ì�¯�€�e�� �€�i�Y�� �¾�Ì�´�¿�Z�Ì�»�� �Ä�ˆ�Ë�Z�¬�»�����µ�Â�¸�v�»�� �½�Z�»�•�� �Á�� �|�‹�•�� ��€�v�»�� �É�Z�Å�����Á�� �Ä�Œ�Ë�•�� �c�Z�Ì�•�Â�•�y�� �Ê�y�€�]�� �€�]�� �½�ƒ�Á�€�f�Ì�¿�� �Ê�‹�Z�a

�Ä�·�Z�°�Ì�f�Ë�€�e���•�{���Ä�¿�ƒ�Á�€�f�Ì�¿���{�Â�¯���¥�€�•�»���Ê�Ë�Y�•�Z�¯�� 
Table 4. Mean comparison of effects of plant growth promoting rhizobacteria and spraying time of nitrogen on 
root traits and nitrogen use efficiency of triticale.  

��������

���Ì�ª�•�6���F�7�H 

���·�•�£�Ç�£�”�Ç���6�4���E�£�{�� 
Root dry weight 

(g/m2) 

���Ì�ª�•�6���Æ�š�œ 

���~�”�Ê�Ž�¦���/�£�x���£�Í���6�4���•�¹�y�Ç���£�”�Ç������

Root volume 
(cm3.per plot)��

���F�U�H�£�”�€�Ê���4�Ï�x���A�£��Ç���~�•�,�6�Ž�x

���E�£�{�Ï�Å�€�x���£�•���E�£�{�Ï�Å�€�x������

Nitrogen use efficiency 
(kg/kg)��

�~�©�Ž�q���D�Ï�Å�•�Ç���E�¡�¸ 
without spraying 

112a����3750a����������

�Ì�È�y�t���~�Ê�7 
spraying in boot stage 

106a����4013a����a��10.3����

�Ì�Å�‘�Ë�¦���6�Ï�Î�µ 
ear emergence 

121a����3962a����b��8.9����

�•�Ç�D�Ï�Å���F�U�H�£�”�€�Ê���4�Ï�x���~�©�Ž�q 
nitrogen spraying����

�Ì�Ê�,�4���F�¡�©�£�q 
grain filling period 

118a����3869a����b��7.4����

�›�€�Â�Å�“���E�¡�¸ 
without inoculation����

91.5 d 4100��b 7.4 c��

�£�”�x�Ž�•�Ï�“�7�, 
�$�]�R�W�R�E�D�F�W�H�U����

181 a 4170a 10.8 a��

�J�£�”�x�Ž�•���Ž�•���6�¢�•���›�€�Â�Å�“����

Plant growth promoting 
rhizobacteria����

���8�Ž�Ê�Ï�Ç�H�4�Ï�¦�� 
�3�V�H�G�R�P�X�Q�D�V����

107 c 4110b 7.8 bc��

�É�€�|�Ê�Ž�€�Ç���~�Ë�¹�Ç���J�6�Ž�Ç�'���A�Ø�”�Ÿ�,���F�Ï�”�¦���£�Í���6�4���Ì�•�Ž�ª�Ç���A�H�£�œ���Ž�•���J�Ž�Í���¡�Ê�6�,�¡�Ê���Æ�Í���Ž�•���J�6�,�4���� 
Means with similar letters in each column are not significantly different.  

����

  گیري کلی نتیجه
�D�Ï�Å�•�Ç�� �H�� �~�”�§�•�7�� �J�Ž�Í�4�Ï�x�� �Ž�•�� �6�¢�•�� �›�€�Â�Å�“�� �Ž�•�����Ž�•�� �~�©�Ž�q

�Ì�È�y�t�� �Ì�Å�œ�£�Ç�� �6�4�� �Ì�Ê�U�H�£�”�€�Ê�� �4�Ï�x�����J�,�¤�™�,�� �#�4�£�y�Å�È�¸�� �#�~�Ê�7

�’�¾�Ž�•�� �¨�•�,�¤�¾�,�� �4�Ï�x�� �A�£��Ç�� �~�•�,�6�Ž�x�� �H�� �Ì�Ê�,�4�� �4�£�y�Å�È�¸����

�J�£�”�x�Ž�•�� �Ž�•�� �6�¢�•�� �›�€�Â�Å�“���Ì�•�� �¡�©�6�� �C�£�•�Ç�� �J�Ž�Í���Ï��Ÿ���:

���¨�•�,�¤�¾�,���Ì�•���£�š�Ë�Ç���6�¢�•���›�€�Â�Å�“���E�¡�¸���Ž�•���Ì�§�•�Ž�Â�Ç���6�4���£�”�x�Ž�•�Ï�“�7�,

�¡�•�4�£�{�� �Ì�ª�•�6�� �Æ�š�œ�� �H�� �F�7�H�� ���Ì�•���~�Ç�� �£�¶�Ê�����6�¢�•�� �›�€�Â�Å�“�� �¡�¦�6

�D�Ï�Å�•�Ç�� �H�� �£�”�x�Ž�•�Ï�“�7�,�� �Ž�•���Ì�È�y�t�� �Ì�Å�œ�£�Ç�� �6�4�� �~�©�Ž�q�����Ž�•�� �~�Ê�7

���¨�•�,�¤�¾�,�� �Ž�•�� �4�Ï�x�� �A�£��Ç�� �~�•�,�6�Ž�x�� �H�� �Ì�ª�•�6�� �F�7�H�� �¨�•�,�¤�¾�,

���•�™�Ï�Ç�� �#�¡�©�6�� �Ã��¾�� �D�Ï�²�� �6�4�� �V�£�•�� �›�³�¦�� �«�Ÿ�Ž�©

�,�� �Ì�Ä�Ž�y�€�”�•�£�“�� �J�¡�©�6�� �/�Ž�€�¬�Ï��Ÿ�� �¨�•�,�¤�¾�,���G�4�Ž�Ç�� �Ã�€�‘�Á�� �7

���¡�©�6�� �’�¸�£�¦�� �H�� �D�Ï��•�Ç�� �¡�©�6�� �’�¸�£�¦�� �#�Ã�x�� �w�ª�Ÿ

�~�Ç���~�‘�§�Ê���4�4�£�{������
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�-�����R�I���6�R�L�O���0�D�Q�D�J�H�P�H�Q�W���D�Q�G���6�X�V�W�D�L�Q�D�E�O�H��
�3�U�R�G�X�F�W�L�R�Q�����9�R�O��������������������������

�K�W�W�S�������H�M�V�P�V���J�D�X���D�F���L�U��
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Abstract1 
Background and objectives: Among various nutritional requirements for production, nitrogen 
is known to be an essential element for plant growth and development. Nitrogen deficiency 
limits cell division, chloroplast development, enzyme activity and reduces dry matter yields. 
Although nitrogen is the key element in increasing of productivity, but large rates of fertilizer N 
loss to the environment could cause a serious environmental problem such as groundwater 
contamination. Chemical fertilizers combined with organic manures result in increase of soil 
organic matter, improvement of soil properties and increase of crop yield. Determination of the 
effects of �$�]�R�W�R�E�D�F�W�H�U�����$�]�R�V�S�L�U�L�O�O�X�P���D�Q�G���3�V�H�G�R�P�X�Q�D�V��inoculation and��spraying time of nitrogen 
on fertilizer use efficiency and growth of �W�U�L�W�L�F�D�O�H is very important to maximize yield and 
economic profitability of �W�U�L�W�L�F�D�O�H production in a particular environment. Moreover, it seems 
that there is little investigation about the combined effects of nitrogen fertilization and bio 
fertilizer on growth of �7�U�L�W�L�F�D�O�H����Considering the above facts, the present study was performed 
to know the effects of �$�]�R�W�R�E�D�F�W�H�U�����$�]�R�V�S�L�U�L�O�O�X�P���D�Q�G���3�V�H�G�R�P�X�Q�D�V��inoculation and��spraying time 
of nitrogen on fertilizer use efficiency and growth of �7�U�L�W�L�F�D�O�H.  
Materials and methods: A factorial experiment was conducted based on randomized complete 
block design with three replications in research farm of the Faculty of Agriculture, University of 
Mohaghegh Ardabili in 2012. Treatments were: seed inoculation with plant growth promoting 
rhizobacteria in four levels containing (without inoculation as control, seed inoculation with 
�$�]�R�W�R�E�D�F�W�H�U���F�K�U�R�R�F�R�F�F�X�P strain 5, �$�]�R�V�S�L�U�L�O�O�X�P���O�L�S�R�I�H�U�X�P strain OF, �3�V�H�G�R�P�X�Q�D�V���S�X�W�L�G�D strain 
9 and spraying nitrogen fertilizer in four levels (without spraying as control, spraying in boot 
stage, ear emergence, grain filling period) from urea. 
Results: Results indicated that spraying of nitrogen fertilizer × seed inoculation with PGPR had 
significant effects on growth indices, yield and yield components at 0.01 probability level. The 
highest values of total dry matter, crop growth rate and relative growth rate and leaf area index 
were observed in inoculated plants with �$�]�R�W�R�E�D�F�W�H�U���F�K�U�R�R�F�R�F�F�X�P × nitrogen spraying in boot 
stage and the lowest were recorded in non seed inoculation and without spraying. Maximum of 
yield and yield components, fertilizer use efficiency were obtained in seed inculation with 
�$�]�R�W�R�E�D�F�W�H�U���F�K�U�R�R�F�R�F�F�X�P × nitrogen spraying in boot stage. 
Conclusion: It seems that in order to increase these traits, is suggested nitrogen spraying in boot 
stage × seed inoculation with Azotobacter.  
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