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k���7   �kM ��Ik�� 56/14 g�� �� ��!�� 	 b����E �R ��  Pk�H�  D�k�MR 50% 6�<�^ 
���7 �M ��I�� 5/8  g�k� ��  ��!k��  K��Ik�  .!k  b��o�� �� b�� W��7R �	'� 
���D��� �� 
Z %�'��� 7�  Dk��4E  Qk��G�  �kM �7	  ?k�U  D!k�A4�  %!�k�� .!kk  �MD4��  �Eb�����M ��I�� �7	 ?�U V��� 
�'�< �� ���� 
:�E�� NPK+NPP �M ��I�� 5/14 g�� �� ��!��  K��Ik� !  �	!") 3.(    
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 %-��. G��(
� C(��  e��� X(u 7� ��I�� d����	 %���� ��� ���  �kE  �kO� 
�(� D��MR 	  v�kF�  Dk��4E  Qk��G� 	  b�k�o��  �kO� XM��� =�R �� \�� 1% �M D	� V'���  %k��  
k������  �4kM �	!") 2.( e��� 6�!M%!�R ��� ��� �E �O� XM���  D�k�MR M 6�<�^ 
���7 100 	 �4E 
:�E�� NPK+NPP  b���mkM b�;��� �� �M �4U  �kF�U� ���  �kE ��  �k3���  kM  �k��� !�  V'���  %k�� �� 4/1  �kM��M  W��Ik<� .���  Vk'���  %k�� :���� q�� g�� D����� D	u P�H�  D�k�MR 50%  6k�<�^ 
���7 W�E &6<� �MD4�� �E b����E ��I�� V'��� ~4M�� �M ���� 
:�E�� 50% P�H� D��MR 	 �4E DL`�I�� �M ��Ik�� 3/23 
������ �4M )X@  1.(    
  9671- B��
 9��H"� %&�C(�� G��(
� %� I!"J� ���$�� K%2� � �
� �8 I!"J� ��� b�;��� \�� �� b@��� �4�7R j���M t���� v	�u D���� D�5% 
��� �	'� D��� P� M.!���!� 

 >��%" ?  e��� X(u 7� ��I�� d����	 %����  �k�� ���  �kE �O� 
�(�  D�k�MR 	  v�kF�  Dk��4E  Qk��G�  �kM D	� !(�� �H	���� �� \�� 1% 
������ �4M& 
A	 �O�  XkM��� =�R 
������ �4:� �	!") 2.( e��� 6�!M%!�R 7�  �	!k" �3��� b�;��� ��� ��� M W��I<� \��  W�k�  
@k�U !(�� �H	���� W�E .6<� b�����M !(��  �H	�k��� �� P�H� D��MR 100%  6k�<�^  
k���7   �kM ��Ik�� 9/1% 	 b����E �R �� P�H� D��MR 50% 6�<�^ 
���7 �M ��I�� 64/1% K��I� .!   b�k�o�� ��  bk��  W�k�7R  �	k'� 
���D��� �� 
Z %�'��� 7� D��4E Q��G�  �kM  !k(�� �H	���� %!��� .!  �M�4ZD �E b�����M !(�� �H	����  Vk��� 
kk�'�< ��  �k��� 
kk:�E�� NPK+NPP  �kM ��Ikk�� 001/2% 	 b����E !(�� �H	���� ���� !�  �	!M �4E �M ��I�� 57/1% K��I� !  �	!") 3.(    %�#5  e��� X(u 7� ��I�� d����	 %���� ��� ���  �kE  �kO� 
�(� D��MR 	 v�F�  Dk��4E  Qk��G�  �kM D	�  !k(�� �'3< �� \�� 1% 
������ �4M& 
A	 �O� XM��� =�R 
������ �4:� �	!") 2.( e��� 6�!M%!�R 7� �	!" �3���  b�;�k�� ��� ��� M W��I<� \�� W�� 
@�U !(�� �'3<  W�kE .6<� �� b�� W�E  b�kM  �k�  �k�  �k���  
@k�U  �	k'� 
���D��� �4"	  .6k ��  b���k��M  !k(��  �'k3< ��  Pk�H� g

ab a ab
cd bc

h

def
bcd

de
fg efg

h

efg
de efg

h h

0
5

10
15
20
25
30
35
40
45

Control NPK NPK+NBB NBB SHM SHM+AP

 ��4M V'���)��� 
���( Pl
an

t h
ei

gh
t (

cm
) ����

Treatment

FC100 FC75 FC50



 !�" &����� ���� 	 
�	��� ���� ������ �����	�35 %��  &5                                                                                                                 865  D��MR 100% 6�<�^ 
���7  �M��I�� 43/0% 	 b����E �R ��  Pk�H� D�kk�MR 50% 6kk�<�^  
k���7 �kkM ��Ikk�� 31/0% K��I� .!  b��o�� �� b�� W��7R �	'�  
k���D��� �� 
Z %�'��� 7� D��4E Q��G� �M !(�� �'3< %!���  .!k  b���kk��M !kk(�� �'kk3< Vkk��� 
kk�'�< �� �kk��� 
kk:�E�� 
NPK+NPP �M ��I�� 42/0% 	 b����E !(�� �'3<  �k��� !�  �	!M �4E �M ��I�� 303/0% K��I� !  �	!") 3.(    B 	�"�  e��� X(u 7� ��I�� d����	 %���� ��� ���  �kE  �kO� 
�(� D��MR �M D	�  !k(��  P�k��B  
k������  �4k:�  
kA	 v�F� D��4E Q��G� �M D	� !(�� P���B ��  \�k� 1% 
������ .�4M b��o�� �O� XM��� =�R 
������  �4k:�  �	!k") 2.( e��� 6�!M%!�R 7� �	!" �3��� b�;��� ��� ���   �kE �	'� 
���D��� �� 
Z  %�'�k�� 7�  Dk��4E  Qk��G�  �kM !(�� P���B %!��� .!   �kM �4kZD  �kE  b���k��M  !k(�� P���B V��� 
�'�< �� ���� 
:�E�� NPK+NPP  �kM  ��Ik�� 66/1% 	 b����E !(�� P���B ���� !�   �	!kM  �4kE  �kM ��I�� 16/1% K��I� !  �	!") 3.(    B��	  e��� X(u 7� ��I�� d����	 %���� ��� ���  �kE  �kO� 
�(� D��MR �� \�� 1% 
������ �4M 
A	 v�F� D��4E Q��G� �M D	� !(��  P�!k� 	  b�k�o��  �kO�  XkM���  k=�R 
������ �4:� �	!") 2.( e��� 6�!M%!�R 7� �	!"  �k3��� b�;��� ��� ��� M W��I<� \�� W�� 
@�U ��I�� !(�� P�!� W��I<� .6<� ��  bk��  W��Ik<�  b�kM  �k�  �k�  �k��� 
@�U �	'� 
���D��� �4"	 .6 �� �M�4ZD �E b�����M !(�� P�!� �� P�H� D��MR 50% 6�<�^ 
���7  �M ��Ik�� 19/0% 	 b����E �R �� P�H� D��MR 100% 6�<�^ 
���7 �M ��I�� 12/0% K��I� !  �	!") 3.(    L M(�%�  e��� X(u 7� ��I�� d����	 %���� ��� ���  �kE  �kO� 
�(� D��MR 	 v�F�  Dk��4E  Qk��G�  �kM D	�  !k(�� b�5�	�B �� \�� 1% 
������  �4kM&  
kA	  �kO�  XkM���  k=�R 
������ �4:� �	!") 2.( e��� 6�!M%!�R 7� �	!"  �k3��� b�;��� ��� ��� M W��I<� \�� W�� 
@�U ��I�� !(�� b�5�	�B W�E  .6k<�  b���k��M  !k(��  b�5�	�kB ��  Pk�H� D��MR 100% 6�<�^ 
���7  �M ��Ik�� 43/12% 	  b��k��E �R �� P�H� D��MR 50% 6�<�^ 
���7 �M  ��Ik�� 32/10% K��I� .!  b��o�� �� b�� W��7R �	'�  
k���D��� �� 
Z %�'��� 7� D��4E Q��G� �M !(��  b�5�	�kB  %!�k�� .!  �MD4��  �Eb�����M  !k(��  b�5�	�kB  Vk���  
k�'�< �� ����  
k:�E�� NPK+NPP  �kM  ��Ik�� 51/12% 	  b��k��E !(�� b�5�	�B  ������ !�  �	!M �4E  �kM  ��Ik�� 87/9% K��I� !  �	!") 3.(    �N	�  e��� X(u 7� ��I�� d����	 %���� ��� ���  �kE  �kO� 
�(� D��MR �� \�� 1% 	  v�kF�  Dk��4E  Qk��G�  �kM D	� �!� !c�� �� \�� 5% 
������ .�4M  
kA	  �kO�  XkM��� =�R 
������ �4:� �	!") 2.( e���  6k�!M %!k�R 7�  �	!k" �3��� b�;��� ��� ��� M  W��Ik<�  \�k�  W�k�  
@k�U ��I�� �!� !c�� W�E .6<� b�����M ��I��  �!k�  !ck�� �� P�H�  D�k�MR 100%  6k�<�^  
k���7   �kM ��Ik�� 06/45 	 b����E �R �� P�H� D��MR 50% 6�<�^  
k���7  �kM  ��Ik�� 98/40 K��Ikk� .!kk  b�kk�o�� �� bkk�� W�kk�7R �	kk'� 
���D��� �� 
Z %�'��� 7� D��4E Q��G� �M ��I��  �!k� !c�� %!��� .!  �M�4ZD �E  b���k��M  ��Ik��  �!k�  !ck�� V��� 
�'�< �� ���� 
:�E�� NPK+NPP �M  ��Ik�� 3/45% 	 b����E ��I�� �!� !c��  ������ !�  �	!M �4E �M ��I�� 28/40 K��I� !  �	!") 3.(    
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 %-��. �-
$ O?�	�  e��� X(u 7� ��I�� d����	 %����  �k�� ���  �kE  �kO� 
�(�  D�k�MR 	  v�kF�  Dk��4E  Qk��G�  �kM D	�  !k(�� d��� �� \�� 1% 
������ �4M& 
A	 �O� XM��� =�R 
������ �4:� �	!") 2.( e��� 6�!M%!�R 7� �	!"  �k3���  b�;�k�� ��� ��� M W��I<� \�� W�� 
@�U !(�� d��� W��I<� .6<� �� b��  W��Ik<�  b�kM  �k�  �k�  �k���  
@k�U  �	k'� 
���D��� �4"	 .6 ��  b���k��M  !k(��  d�k�� ��  Pk�H� D��MR 50% 6�<�^ 
���7  �M��I�� 64/1% 	 b����E �R �� P�H� D��MR 100% 6�<�^ 
���7 �M ��I�� 12/1%  K��Ik� .!   b�k�o�� ��  bk��  W�k�7R  �	k'�  
k���D��� ��  
kZ %�'��� 7� D��4E Q��G� �M  !k(��  d�k��  %!�k��  .!k  b���kk��M !kk(�� d�kk�� Vkk��� 
kk�'�< �� �4kkE 
kk:�E�� 
NPK+NPP �M ��I�� 57/1% 	  b��k��E  !k(��  d�k��  �� ���� !�  �M ��I�� 11/1% %!��� !  �	!") 3.(  $%6!�. O?�	�  e��� X(u 7� ��I�� d����	 %����  �k�� ���  �kE �O� 
�(� D��MR 	 v�F� D��4E Q��G� ��  \�k� 1% 	 b��o�� �O� XM��� =�R �� \�� 5%  �kM D	�  ��k@��� d��� 
������ �4M �	!") 2.( e��� 6�!M %!k�R  �k�� ��� �E �O� XM��� D��MR  kM  6k�<�^  
k���7 50 	  �4kE 
kk:�E�� NPK+NPP b���mkkM b�;�kk�� �� �kkM �4kkU �F�U� ��� �E �� �3��� M !�   ��k@���  d�k�� �� W�M 7� 5/2 �M��M W��I<� .���  b���k��M  ��Ik��  ��k@��� d��� �� ���� P�H� D��MR 50% 6�<�^ 
���7 M  �4kE 
:�E�� NPK+NPP �M ��I�� 23/0 g�� 	 b����E ��I�� ��@��� d��� ~4M�� �M ���� P�H� D��MR 50% 6�<�^ 
���7 	 ���� !�   �	!kM  �4kE  �kM  ��Ik�� 08/0  g�k� 6�!M !�R )X@  2.(       9672- B��
 9��H"� %&� ���$�� K%2� � �
� �8 I!"J� ���O?�	� $%6!�. %� I!"J� b�;��� \�� �� b@��� �4�7R j���M t���� v	�u D���� D�5% 
��� �	'�D��� P� M .!���!�  
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   /��02-  4��- O?��
�� C�,P(���D�5
��B��
 =:( �!�!5 G��Q? �6���D��, 5 � �6R �%( � �
� �8 I!"J� ������ $�� I!"J�  4�Q�%� L S?� �  C0
$  �$��8  %  +( T����  O?�	� $%6!�. O?�	� �-
$ �N	� L M(�%� B��	 B 	�"� %�#5 >��%" ?  G��(
�  EF3 >�� **002/0 **26/1 **9/75 **18/20 **02/0 ns005/0 **063/0 **52/0 **1/418 **1/161 2 �6F3 **017/0 **23/0 *6/29 **46/8 ns002/0 **35/0 **019/0 **21/0 **3/155 **6/46 5 $�� *001/0 ns04/0 ns5/4 ns57/0 ns00009/0 ns002/0 ns0005/0 ns01/0 **63/9 ns01/1 10  �6F3 ×$�� 0003/0 046/0 18/10 04/3 0004/0 048/0 002/0 078/0 64/3 63/0 36 �V3  � * �**ns� C���Q� 4���( %S?� � R (%( /��"W� XV	 
$ 
�$1% �5% ��Q� 4���( Z�. ��� 
�$��7��.     /��03-  4��- L S?� � C#��H����D�5
��B��
 =:( �!�!5 G��Q? �6���D��, 5 � �6R �%( � �
� �8 I!"J� ������ $�� I!"J�  $%6!�. O?�	�   )g( 
�-
$ O?�	�   (%) 

�N	� 
L M(�%�   (%) 

B��	   (%) 
B 	�"�   (%) 

%�#5   (%) 
>��%" ? (%)  G��(
� )cm(  >�� EF3   )g(   9��. �!-�  

a16/0 c12/1 a06/45 a43/12 c12/0 a37/1 a43/0 a9/1 a6/37 a56/14 100 �6F3 ab15/0 b34/1 b58/42 ab31/11 b15/0 a35/1 b36/0 ab8/1  b9/31 b43/11 75 
b14/0 a64/1 b98/40 b32/10 a19/0 a34/1 c31/0  b64/1 c05/28 c5/8 50 
d090 c11/1 c28/40 b87/9 a15/0 c16/1 d303/0 b57/1 d5/26 f6/8 C $�� 

b17/0 ab48/1 ab1/44 a04/12 a15/0 ab47/1 ab404/0 a92/1 b35 c37/12 NPK 
a21/0 a57/1 a3/45 a51/12 a15/0 a66/1 a42/0 a001/2 a6/37 a5/14 NPK+NPP 
b17/0 bc28/1 abc4/43 a11 a14/0 b44/1 ab39/0 a89/1 b4/35 b3/13 NPP 
c12/0 ab35/1 bc9/41 ab81/10 a16/0 c19/1 cd33/0 ab72/1 c8/29 e6/9 MIC 
d14/0 ab41/1 abc08/42 ab01/11 a16/0 c22/1 bc35/0 ab75/1 c8/30 d6/10 MIC+AP b�;���
��� v9�U� !� M t���� v�u ?� XY�!u D���� �E 
�(� X�� �� 84�� �M ~4M�� D� D��� P� M!���!�. 



      /��04-  �!�!5 G��Q? 4��- �S"#]�� ^��"?
$ I!"J� ���
�� ( 6!�.%$ O?�	�  �-
$ O?�	�  �N	�  L M(�%�  B��	  B 	�"�  %�#5 >��%" ? G��(
� C(��  >�� EF3    )j(  )I(  )H(  )G(  )F(  )E(  )D(  )C(  )B( )A(                   1  **75/0  )B(                1  **64/0-  ns01/0  )C(              1  **98/0  *5/0-  ns16/0  )D(            1  **68/0-  **77/0-  **84/0  ns44/0  )E(          1  **79/0-  **95/0  **98/0  **73/0-  ns13/0-  )F(        1  **92/0-  **89/0  **78/0-  **88/0-  **89/0  ns45/0  )G(     1  **98/0  **96/0  **88/0  **86/0-  **93/0-  **84/0  ns32/0  )H(    1 **95/0- **9/0- **99/0 **78/0- **97/0 **99/0 **67/0- ns05/0- )I(  1  **97/0 **86/0-  **79/0-  **95/0  **63/0-  **98/0  **97/0  *5/0-  ns14/0  )j(  
** &*  	ns :�M
��� �	'� �;��M S���� ���u� \�� �� ���1% &5% 
��� �	'� g!� 	
� ���!� M.       



 !�" &����� ���� 	 
�	��� ���� ������ �����	�35 %��  &5                                                                                                                 869  �S"#]�� L � 4��-  M �"4� �M �	!" 4 
;�3:�� b�M �7	 ?�U M V'��� ��4M �� \�� 1% 
������  �4M	  kM  bk��  6'k(  
;�k3:�� 
�:p� 6 ��. V'��� ��4M M &�H	���� P�!� 	 !(��  d�k�� �� \�� 1% 	  kM  �'k3< 	  ��k@���  d�k�� ��  \�k� 5% 
;�3:�� 
'�� .6 �� b��o�� V'��� ��4M M P���B 	 !c�� �� \�� 1% 
;�3:��  
k�:p�  .6k ��  �H	�k���  kM  &�'k3< &P�!� b�5�	�B 	  !k(��  d�k�� ��  \�k� 1%  
k������ 	 
;�3:�� =�R 6:p� �4M 
A	  &P�k��B  b�5�	�kB 	  !ck�� �� \�� 1% 
������ 	 
;�3:�� 
'�� M �H	���� .6 �� �'3< P�  kM  &P�k��B  b�5�	�kB 	  !ck�� ��  \�k� 1%  
k������ 	 
;�3:�� =�R P� 
'�� �4M 
A	  �'k3<  kM  P�!k� 	  !k(�� d��� �� \�� 1% 
������ 	 
;�3:��  k=�R  6k:p�  .�4kM �F�� P���B M  b�5�	�kB  	 !ck�� ��  \�k� 1%  
k������ 	 
;�3:�� 
�:p�  6k ��  
kA	  kM  &P�!k�  !k(��  d�k�� 	 ��@��� d��� �� \�� 1% 
;�3:�� 
'�� .6 ��  P�!k� M &!c��  !k(��  d�k�� 	  ��k@���  d�k�� ��  \�k� 1% 
������ 	 
;�3:�� 6:p� 6 �� �� M b�5�	�B �� \�� 1% 
������ 	 
;�3:�� =�R 
'�� .�4M b�5�	�B P�  kM  !ck�� �� \�� 1% 
������ 	 
;�3:�� 
�:p� 6 �� 
A	  kM  !k(�� d��� 	  ��k@���  d�k�� ��  \�k� 1%  
;�k3:��  
k'�� .6 �� !c�� M !(�� d��� 	 ��@��� d��� P� �� \�� 1% ��M�� 
���D��� 6 �� 	 
;�3:��  k=�R 7�  V4k�  6k:p� .�4M b��o�� !(�� d��� P� M ��@��� d��� ��  \�k� 1% ��M�� 6:p� 	 
���D��� .!�� ��    ���  e��� X(u 7� b�� W�	{B ��� ���  �kO�  %�k�  Pk�H� D�kk�MR 	 �kk��� Skk�E�� D�4kkE NPK+NPP �O�Dkk� 
���D��� �M D	� �7	 ?�U V��� 
�'�< !�� ��& �MD�4Z �E b�����M ��I�� �7	 ?�U �� ���� P�H�  D�k�MR 100% 6�<�^ 
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Abstract 
     In order to investigate the effects of different irrigation regimes and different fertilizer 
compositions on the yield indices and elements in peppermint (Mentha piperita L.), a factorial 
experiment was conducted in a completely randomized design with three replications at the 
research greenhouse of Ferdowsi University of Mashhad, during the growing season 2017-2018. 
Factors were consisted of irrigation regime at three levels including 100% FC, 75% FC and 50% 
FC, and fertilizer at five levels including 1-chemical fertilizer (NPK)+bacterial biofertilizer 
(NPP), 2- NPP, 3-NPK, 4-micronutrient fertilizer (MIC), 5-MIC + amino acid fertilizer (AP). In 
this experiment, dry weight, plant height, nitrogen, phosphorus, potassium, sodium, protein, 
SPAD number, essential oil content and yield were measured. The results of analysis of 
variance showed that irrigation regimes and different fertilizers had significant effects on dry 
weight, nitrogen, phosphorus, protein and essential oil content at 1% level and on SPAD 
number at 5% level. The highest dry weight (14.56 g) and phosphorus (0.43%) were observed in 
100% FC treatment and the highest nitrogen (2.001%), protein (12.51%), SPAD number (45.3) 
and potassium (1.66%) were obtained in NPK+NPP fertilizer. Also, the highest essential oil 
content (1.64%) was measured in 50% FC treatment. The results of this study showed that under 
severe drought conditions, utilization of bacterial and chemical fertilizers combinations make 
growth and physiological characteristics of peppermint less affected by drought stress.  
 
 
Keywords: Essential oil yield, spade index, nitrogen, phosphorus, peppermint (Mentha 
piperita L.). 
 


