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      �+/ ���� �� �K�� �?�b� ����     -���+� ����<�+K ��+	�'� 3+�5�

             �����+� "'+�� 3/ ���5�X� M�����/ -�/ 5 M�#$<X��� 3c'� 3/ �Z$�
   ��� -#K ���� ���� .     �+� M�X� -#K "�Z�� (�_�_b�    �����+� #+	�
     (�#� 3/ ���� ������/  ��25   �� �5�Z� #T��   #$�)9 .(  ����/�$/-'�K-
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 ��2� ���gp
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 qe� 3/ 5      ���+� -���,+�� �+�;/�E
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 -#������/ ����       MF5�+,�� ����#+	 @	�� ���� (��,�� ��	   R�+� 
              3�F5�,�� 3�gm� �'� �/ ��01� 8�&� 3/ ��'� 3�'% ��� ��/��� ��� ��� -�'/

 �� -��%      #K�/ !�� ��P�� Y�_,����p (��0� ����� #��'� .-#������/  ��+	
     �� -��/ ��� 3/ �����'�
 3��� 3�F5�,�� ��	�'� �/ ���� (��,�� 5 #�'K
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   k��_� 5�)     �,�� 3K'� 5 �K�� "�P$	 3/ ( #K ����.    ���+� >'?�

      B��T H?� ��S 8��K !��30  B60   5 90 �;��      "�%'+;�� �/ ���� "�%
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       #K ���1� (���� Y��;� '�'� qe$� �� 3� .  �2;p    ���g+p �T�$= ����
  ��'�  -���,��)  �;�� D�[ �/    AX� R�� "�%';�� �/ "�% (  �'/ (��e=

�� : �++	
10)  ���,++�'�� q++e$� ��138( �5� B15)  (��&'++� q++e$� ��
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 "�Z�� ���/            ����+K �+K� �� �+�	
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 ����<�K'��!�� 
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      ����#;% 8��� �� �2� ��'�7         �� ���#+;% 5 -#+K 3+,d�� ���%'+;�� 

     #�#K -��� ���E ��/ ��*� k���K .      3+;[�� �+�� ����       A+� M�#+;% �+	 
               8+/�E ���+� M�!�� -�PX����
 3/ 7�_,�� �� ^� 5 #K 3�� R�� 3�'<�

       ��$]<	 5 ��&5� z5� �/ \�,��pH      -���+= �� R�� 1:10   R�+� 
   f
 3/-��#��   #K ���%)2( . BM
 7�e�#/     M�#;% �	 �� 8      "#+$% �g+/ �#= 
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 �#K �g[# .            �+� �+K�� -�5� ��+[ �� 7'<�� �=��� ��,eE��� ^s�
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 M���� ��
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     -��#�� 3��� 5 @;� 5 -�� �� 5 @;� 5 -�� ���� 8� fgc 5 -#K ���%
   5 3���    ���� ������ �����K  ����  +K 3e��b�#�# .   -��#+�� ���+/-

   3�'<� BAX� M�5 ���%      (#+� 3+/ �	24        ����� M5
 A+� �� �=�+� 
     ���� �� 3�'� 3�����70     #�#K -��� ���E \'��;� 3c��  .   M
 7�e�#+/

  3�'<� AX� M�5       -��#+�� ��'E� �5���� �� -���,�� �/ �	     5 -#+K ��+�%
 3�'<� ^s�       #�#K ��� �E�/ f���
 �� -���,�� �/ �	 . -��#�� ���/  ��+�%

  �2;p 3�'<� B����            ����'+� AX+� z5� �� -���,+�� �+/ �	��% ��	
                 5��+��5 z5� �� -���,+�� �+/ �+�
 �� ���+� �2;p ^s� 5 -#K Y*	

   "'��'�
 (�#e�&'�-��#��   #K ���%)26 .(   3e��b� ���/  fgc  8� ����
��    u;,d� ��,<�E           ���+� �+2;p �� AX� M�5 f�*;T�[ �� !��

  -���,��#K.         �X+����
 ��	��<�� ���<� �� @����
 M���� �� ��$]<	B 
3�'<�               5 ��+&5� z5� �+/ -���,+�� 8/�E ���� M�!�� 5 3�� R�� ��	
pH    -���= �� 1:10     f
 3/ R��-��#��  ���%K# .     ��01+� �+���/ ���/

 -#������/ ��/��� (��,��   ����           �� R�+� "'+��'�
 5 (��+,�� (��+��m� �/
    
 M���� �� �X� ��#,/�    8T�'� �� @����  3+	�� A�   ��     ���+�� 3+_?$�
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   ���#;% R��       �?E 3/ �!;� 3&'& A� k�'�5/1     7'+C 5 25   �,<�,��+� 
3�'<�  �����/  R�� ,��% (�'T3       "'��'�
 5 (��,�� M�!�� 5    5 7'+;b�

  �&��e�  t�� z5� 3/  �Z$�)6(   -��#�� ��
 ��    #+K ��+�%.   ���+��K
       e��b� @����
 ��� �� 3� ���� ���� ������     �����+� 8��K B#�#K 3

�=���1   5 ������/ ������2       3��� 5 ���'	 "�#�� ���/    -���,�� �/ 3� #��'/
 #�#K 3e��b� ��� k/�5� ��)11.(  

AEp = (YT – Y0)/Fp = �Y/�P 

     3+?/�� ��� ��AEp :       B���+� �+=��� �����+�YT :     "�#+�� AX+� M�5
         B�'� ���� ����� ��<�� �� 3��� �� ���'	Y0 :  #�� AX� M�5   ���'+	 "�

             5 -���+� �'+� ���� M5#/ #	�K ��<�� �� 3��� ��Fp :    ���+� M�!+��
��� ����� .  

 REp = (UT – U0)/Fp = �U/AP  
    3?/�� ��� ��REp :    B���� ������/ ������UT :       "�#+�� �� ���+� fg+c

           B�'+� ���+� ����� ��<�� �� 3��� �� ���'	U0 :      "�#+�� �� ���+� fg+c
     �K ��<�� �� 3��� �� ���'	         5 -���+� �'+� ���� M5#/ #	Fp :  M�!+��

  ��� ����� ���� .   ���� ��      ��!�� "�� �/ 3;T�[ G��,�SAS 3d��  �
2/8        ��P���� 3���_� ���/ 5 -#K 8�;b� 5 3�!Z�        M'+��
 �� �+	LSD 

 7�<,[� H?� ��5 -���,�� #T�� #K.  
  

��� 	 ����  
  ��  75#c1  �%o�5 ���/ ��+	  +��!��    5 �   ����<�+K   ��+$]<	 5

!��     �� ���gp �T�$= M� R�� 3+�&�?� ��'�   �+�� -#+K M�X+� .  �+��/ 
                M�'+/ ���� 8+�&� 3/ 5 -�'/ ��'K 8�X� #E�� 5 ��� �2� ��'� R��

3/29       ����� 7���� Y��;� (�$/�� #T�� pH  �'/ ����;E  .   M��� ��� ��
            �+$�� {��� |=�/ a�<,[� 3�&�?� ��'� R�� �� �&
 �/�� Y� M�!��-

���      ��/��� 3/ �e�� M
 �� MF5�,���'K .         75#+c G��+,� \�+�� �+/1 
   Y� ���gp �T�$= M�!��            #+[ �� �+,<� -���,+�� ��'+� R�� �� ����

         �5�[ ��	�'� ���� 3/ �e�� 3� �'/ "#$% �X� ���/ ��
 ����b/
#K "�#E� �X� �� 8eE �� ��
.  

  
       ����� ��	�
�� �������� 	����DMPP       	�� 	���� �pH  � 

���
�� ���� 	������ �  
,�              5 MF5�+,�� q/�+$� ��01+� ��� M�X� ^�����5 3�!Z� �� 8T�[ G��

       @$�<	�/ ��$]<	 5 ���� u;,d� >'?�   �/ ��
pH    �#+,/� �� R��  
   �$�� �X� ��,�� 5   #X� ���)    �+�� -#X� 3}��� G��,� .(      �'+c5 �+�� �+/

              8+/�E ���+� �/ ���� >'?� �/ ��
 @$�<	�/ 5 MF5�,�� q/�$� 3S�%�
   #,/� �� R�� -���,��     �+$�� ��01+� �X� ��       ��/��+� �+�� �+K�#� ����

       �+$�� @��!�� 3/ �Z$� ���� u;,d� ����_�       -���,+�� 8+/�E ���+� ���
������������������������������������������������������������
1- Agronomic Efficiency 
2- Recovery Efficiency 

    #K �X� ��#,/� �� R�� .          -���,+�� 8+/�E ���+� ����_� 3� ��'C 3/
          B��+T >'?+� �� �X� ��#,/� �� R��30  B60   5 90  �+;��     �+/ "�+%

      D���� 3/ ����� ���� "�%';��1/3  B4/8  B6/12   53/18  �+;��   "�+%
   �'/ R�� "�%';�� �/ .           ���+� ����+_� ^��+���5 3+�!Z� �� 8T�[ G��,�

               5 MF5�+,�� q/�+$� ��01+� ��� M�X� �X� ��,�� �� R�� -���,�� 8/�E
           -���,�� 8/�E ���� �/ ��
 @$�<	�/ ��$]<	 5 ���� u;,d� >'?�

    �$�� #T�� A� H?� ��  ��� -#K ��� .         3;+T�[ G��+,� \�+�� �+/ ��
�<�      � (��,�� -#������/ ��/��� ���� >'?� ��  ���DMPP    -��+<	 3/ 

           @��!�� 3/ �Z$� "'��'�
 (��,�� (��&'� 5 "'��'�
 (��&'� �'� 5� �	 
�$��                 �+/ 3�+��_� �� �X+� ��+,�� �� R�+� -���,+�� 8/�E ���� ���

         �+�� -#+K -#������/ M5#/ ��� 3/�X� ��	��<��)  75#+c2 .(  ��+$]<	
     �� ��� M�X� G��,��            -��+<	 3+/ "'+��'�
 (��+,�� (��&'+� ��<�� >'?

             -���,+�� 8+/�E (�'+T 3/ ��,X�/ ���� ��#_� ���� (��,�� -#������/
       ��� -#K 3,K�� 3P� -��% ���/)  75#c2 .(    -���,�� 8/�E ���� @��!��

         �+� �� ���+� (��,�� -#������/ ��/��� 3Z�,� �� R��    3+�gm� 3+/ M�'+�
   ��� �e�� 3X�� ��'��'�
 .  �/��        3+/ �e�+� �+�'��
 fgc B"'��'�
 ��/� 

���             ���
 ��+/ 3+���'� ���/ 3X�� �� M'�5�� ����/�$/ 5 3,��� @��!�� ��'�
�� �'K .   @	�� ���pH           -���,+�� �+�;/�E @��!+�� 3/ �Z$� ���� �� 

    �'K �� ����)13 .(     ��/��� 3Z�,� �� R�� -���,�� 8/�E ���� @��!��
-#������/    o� �/ ���� (��,�� ��	          3+$��� �+�� �� -#+K "�+Z�� ��X	5

�� '�<	 #K�/)16 B205  24.(  
  

     ���� ��	
�� �������� 	����DMPP        ����! 	�� 	���� �
��� ��	
�� � "#��#$%  

               5 MF5�+,�� q/�+$� ��01+� ��� M�X+� ^�����5 !�&��
 �� 8T�[ G��,�
             5 "'+��'�
 �+2;p �/ ��
 @$�<	�/ ��$]<	 5 ���� u;,d� >'?�

  � R�� (��,�� 3�'<� �   ��+�����/30  B60   5 90        �� �X+� �� ^+� �5� 
 H?�1�$�� ����
 #T�� ��� -#K ���.  

              �+/ ���+� >'?+� 5 MF5�+,�� q/�+$� @$�<	�/ ��P���� 3���_�
         -�5� 7'+C �� R�+� "'+��'�
 �2;p ����_�        3+/ ��� M�X+� �X+� �

    3�'<� �� "'��'�
 �2;p ��$x,��  �����/60   5 90      �� �X� �� ^� �5� 
  ��<��         H?� �� -#������/ -��<	 3/ "'��'�
 (��,�� (��&'�60 �;��  "�%

     �$�� ��01� �b� 3� ���� "�%';�� �/ �� ��� 3,��P� ���E -#������/ ���
  3�'<� 3� �	             3+/ -#+������/ ��/��+� B���+� >'?+� ���<� �� 5 �����/

             3+/ �Z$� "'��'�
 (��,�� (��&'� 5 "'��'�
 (��&'� �'� 5� �	 -��<	
��!�� �$�� @    M5#+/ ��� 3/�X� ��	��<�� �/ 3���_� �� R�� "'��'�
 ���

      �+�� -#+K -#������/)   75#+c3 .(        �� "'+��'�
 @���+�� �� ���%'+;c
3Z�,�          ���+� (��+,�� -#+������/ ��/��+� �3   5 4      75���+�� 8+�,� �� 

 �� (����       3Z�,� �� R�� "'��'�
 M�!�� @��!�� 8�&� #��'�   ��/��+� �
#K�/ -#������/.  
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 �	��1-��!"� ���� #$ �� %��&' ()*+ ,.�' 	 %��/�0 	 %��2�3 
4�56�	 7� %$(�   

EC (1:10)pH (1:10)  OC  CCE  P  K  Fe  Mn  Zn  Cu  #$ ,3�  
(µS cm-1)     (%)ava (mg kg-1)  

6/83  7/8  92/0  3/29  4/3  204  63/5  10/2  37/0  58/0  Clay  
  

 �	��2-9�*� ;*�/�(� <�=��� �>��� ��?�@� A�B (?>3 (� (?>3 C�"@ 	 D�	(��� ,E� 
4��� �� #$ 
  

(?>3  ��0  
)��� D	��(  

 H�����I J?!�@
������7� � 

DMPP  

 J?!�@
H�����I  

 H�����I J�(��� J?!�@
������7� � DMPP

 J�(��� J?!�@
H�����I<�=���  

)mg kg-1(  #$ ��?�@� A�B (?>3* (mg kg-1)
0  9/1 o 4/2 n 1/2 o 1/2 o 5/2 n 2/2 D 
30  3/3 m 9/5 k 4/3 m 6/6 j 4/5 l 9/4 C 
60  5/7 h 7/8 f 8/6 i 5/9 e 5/8 g 2/8 B 
90  2/10 d 2/14 c 2/10 d 4/17 a 7/16 b 7/13 A 

��P����  7/5 D 8/7 C 6/5 D 9/8 A 3/8 B  
 :*��P�����$�� �),�� #E�� u��� 5 M',� �	 �� 3/�X� �5�[ �/ �	 H?� �� ���5#$,�	 #T�� . ��� -#K -��� M�X� ~�!/ �5�[ �/ �;T� (��0� ) M'��
LSD.(  

  

    M��� ��� ��          5 MF5�+,�� q/�+$� @$�<	�+/ ��P���� 3���_� G��,�
            -�5� 7'+C �� R�+� (��+,�� �2;p ����_� �/ ���� >'?�   �X+� �

       3+�'<� �/'� 3� �	 �� ��� M�X�          B���+� >'?+� ���+<� �� 5 �����+/

        �+	 -��+<	 3/ -#������/ ��/���          (��&'+� 5 "'+��'�
 (��&'+� �'+� 5�
     �$�� @	�� 3/ �Z$� "'��'�
 (��,��         �+/ 3�+��_� �� R�+� (��,�� ���

 ��� -#K -#������/ M5#/ ��� 3/�X� ��	��<��) 75#c3.(  
  

 �	��3- A)��3 �� #$ J�(��� 	 H�����I ,.�' (� (?>3 C�"@ 	 D�	(��� 9�*� ;*�/�(� <�=��� �>��� 30 M60 	 907	�  ,E� 7� PQ 
H�*5  

D�	(��� 9R*�   #$ H�����I ,.�')mg kg-1(   #$ J�(��� ,.�')mg kg-1(  (?>3  
)mg kg-1(    307	�   607	�   907	�   307	�   607	�   907	�   

#	�K  9/3 l 2/2 l 4/1 n 1/0 q 1/0 k 2/0 l 
 �/ "'��'�
 (��&'�DMPP  9/24 a 1/45 e 0/36 b 7/2 n 8/2 j 9/2 k 

"'��'�
 (��&'�  0/22 c 9/35 g 6/20 fg 1/4 j 0/5 h 3/5 h 
 �/ "'��'�
 (��,�� (��&'�DMPP  5/23 b 7/47 d 0/26 d 3/6 f 4/6 d 4/6 f 

  
  
0  

"'��'�
 (��,�� (��&'�  1/14 h 2/41 f 6/11 j 2/8 c 5/8 b 6/8 c 
#	�K  5/3 lm 0/2 l 2/1 n 1/0 pq 2/0 k 2/0 l 

 �/ "'��'�
 (��&'�DMPP  7/23 b 3/72 b 2/30 c 9/2 m 9/2 j 0/3 kj 
"'��'�
 (��&'�  3/16 g 3/26 i 7/8 k 3/4 i 2/5 g 0/6 g 
 �/ "'��'�
 (��,�� (��&'�DMPP  0/22 c 8/70 b 0/37 b 4/6 f 5/6 d 7/6 e 

  
  
30  

"'��'�
 (��,�� (��&'�  1/8 j 1/61 c 2/21 f 4/8 b 7/8 a 9/8 b 
#	�K  3/3 m 9/1 l 0/1 n 2/0 op 2/0 k 3/0 l 

 �/ "'��'�
 (��&'�DMPP  0/22 c 5/87 a 0/44 a 0/3 l 1/3 i 2/3 ji 
"'��'�
 (��&'�  7/11 i 0/21 j 3/4 l 7/4 h 6/5 f 1/6 g 
 �/ "'��'�
 (��,�� (��&'�DMPP  8/20 d 4/86 a 0/20 gh 8/6 e 9/6 d 1/7 d 

  
  
60  

"'��'�
 (��,�� (��&'�  0/8 jk 0/86 a 5/19 h 6/8 a 9/8 a 0/9 ab 
#	�K  1/3 m 8/1 l 7/0 n 3/0 o 3/0 k 3/0 l 

 �/ "'��'�
 (��&'�DMPP  4/19 e 0/46 e 9/17 i 2/3 k 2/3 i 3/3 i 
"'��'�
 (��&'�  4/7 k 2/17 k 8/2 m 9/4 g 1/6 e 1/7 d 
 �/ "'��'�
 (��,�� (��&'�DMPP  8/17 f 8/41 f 6/22 e 0/7 d 1/7 c 2/7 d 

  
  
90  

"'��'�
 (��,�� (��&'�  8/7 jk 5/32 h 2/19 h a 7/8  9/8 a 1/9 a 
       :*��P���� ��� 5 M',� �	 �� 3/�X� �5�[ �/ �	�$�� �),�� #E�� u H?� �� ���5 #$,�	 #T�� ) M'��
LSD.(  
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-#������/            M'���#��+�� 3+� #$,�+	 ���+e���� ���+� (��,�� ��	

               3+/ �+��,�� M'���#��+�� �+/ ��01� M5#/ �� ���,�� 3/ "'��'�
 �,���
   �� ���1� 3/ (��,��#���#�� .  3?��'/ ��� ���      �� �&��� �� 5 ���%';c �

   �/ ��� 5 ��'���,�     �+��,�� �� �0r+� ��	   ���+�)     ��,��+/ 8+�eE ��
\��'�5�5�,�� ( �� (�'T ��+�% .          -#���+� ���+K 3�+T'� \�+�� �+/
   ��#_� ��/���5/0   �� 5/1           ���+� (��+,�� -#+������/ ��+,�	 �� "�%';�� 

DMPP      �� ����� MF5�,�� M�!�� D�[ �/   (��,�� #$���� #��'� ����
  � 3/ ��  (#28   �� 70    o�5 3/ 3,�/ �5� �%     5 R�+� ����<�K'��!�� ��	

            ���#+���/ h+�'�� 3+/ ���'+	 5 f
 k���K)17.(       �a�+/ ����+_� �'+c5
                 ��/��+� 3+Z�,� �� R�+� (��+,�� M�!+�� @	�+� ^��&�+/ 5 "'��'�


-#++������/ M���++�<	 5 a5�� (�++_�_b� �� ���++� (��++,�� ��++	)27( B
  !$�����-     M����<	 5 ���,���&
 )14(      '+;/ 5 '�� B)21 (  }'+� 5�   5 ^�'+�

  M����<	)18 (              �+�
 �+/ h+�_b� �+�� G��+,� 3� ��� -#K -#	�X� !��
���� �_/�?�.  

 ���� ��	
�� �������� 	����DMPP �	&�'( 	� 	��� �  
             AX+� M�5 �+/ �X+����
 ��+	��<�� ��01� ^�����5 3�!Z� G��,�

   ���'	 "�#��) A�F'&'�/ ���;<= (         ��01+� ��� M�X+� "#$% 3��� ���;<= 5
 � q/�$�             �+/ �+�
 @$�<	�+/ ��$]<	 5 ���� u;,d� >'?� 5 MF5�,�

        �+$�� ����
 #T�� A� H?� �� �'� �����K      �+�� -#+K ��� . ��
             ���+� >'?+� 5 MF5�+,�� q/�$� @$�<	�/ ��P���� 3���_� M��� ���

      �;�� ��T ���� H?� �� ��� M�X�          ��/��+� BR�+� "�%'+;�� �+/ "�+%
 (��,�� -#������/  ����DMPP   �/ ��+�;<= B        �+/ 3�+��_� �� �� A+�F'&'

   �++�� -��� @	�++� -#++������/ #++E�� ��'++� ��++	��<��) 75#++c4 .(

      R�� -���,�� 8/�E ���� ���5#b�)35/3 �;��     "�%'+;�� �+/ "�% ( ��
   �� ���� H?� ���     #K�/ 3;j�� ��� �&�<,[� 8�&� #��'� .    M�X+� G��+,�

       ���+� (��,�� -#������/ ��/��� ���DMPP         (��&'+� �'+� �+/ -��+<	
     �$�� @��!�� 3/ �Z$� "'��'�
 (��,��     ���;<= 5 A�F'&'�/ ���;<= ���

3���       -#������/ M5#/ ���� �/ 3���_� �� "#$% �     ��� -#K �'� ��� �
      >'?� �� ��01� ��� 3�30  B60   5 90 �;��   R�� ���� "�%';�� �� "�%
 ��� M���<� �/'� 3/) 75#c4 .(  

    �� �� 3;j�� ��� 8�&�   �� ���1� 3/ M�'�         �� -�+�% ��+�� ��'+� (��+,
            7'+C �� (��,�� 3/ "'��'�
 �Z��#� @����� ��$]<	 5 �X� 8��5�
       3+/ -�+�% ���� ��'� MF5�,�� �� �Xd/ ���1� M
 �/ -5)= 5 �X� -�5�

   ���� (��,�� -#������/ ��/��� 3Z�,� �� "'��'�
 8�KDMPP   �e�+�
��� . �,� \����/              -��+<	 3+/ "'+��'�
 ��/��+� -#+K "�+Z�� (�_�_b� G�

       ��� -#K u;,d� M�	��% ���;<= @��!�� 3/ �Z$� (��,�� . 3;j�� ���
              "'+��'�
 ���+� 5 fgc ���/ -��% k�'� �,<� �F��� ��T 8�&� 3/
                 5 -�+�% �F�+�� -�+��w |+=�/ ���� �� 3� ��� (��,�� �/ 3���_� ��

  �� ���;<= @��!��  �'K)13 .(@��!��       h�_b� ��� �� "#$% ���;<=  �/
      M����<	 5 �#��� (�_�_b� G��,�)17 (     M����<	 5 ��5� 5)7 (   �+/ �$e�

            (��+,�� -#������/ ��/��� �/ 3e$� 5 -!���� "#$% ���;<= ��P���� @��!��
  ����DMPP  ���� �_/�?� .    M����<	 5 '$���)15 (    3Z�,� ��� 3/ !��

   (��,�� -#������/ ��/��� 3� #�#��� ����DMPP     @��!+�� 3+/ �+Z$�
�$��      �� MF5�,�� fgc 5 -��% ���;<= ��� �'+K .      ��+�'� 5 ����+K)23 (

        ���� (��,�� -#������/ ��/��� #���� M�'$= !��"    #+��
 �� '���� ��" 
��� -#K "#$% �� 3��� 5 -�� ���;<= @��!�� 3/ �Z$�.  

  
 �	��4-3 C�"@ 	 D�	(��� 9�*� ;*�/�(� <�=��� �>��� ���� �(��/+ 	 T���!��� �(��/+ (� (?>H�*5 
  

(?>3  ��0  
)��� D	��(  

 H�����I J?!�@
 �DMPP  H�����I J?!�@   J�(��� J?!�@

 � H�����IDMPP

 J�(��� J?!�@
H�����I<�=���  

)mg kg-1(    T���!��� �(��/+*) D���5 �� H(5(    
0  7/0 kl 4/0 m 0/1 k 6/0 lm 0/1 kl 7/0 D 
30  4/4 j 7/6 i 3/9 f 6/11 ab 3/10 d 5/8 C 
60  1/10 d 2/7 h 4/7 gh 9/11 a 0/11 c 5/9 B 
90  7/9 e 8/10 c 0/10 de 5/11 b 4/10 d 5/10 A 

��P����  2/6 D 3/6 D 9/6 C 9/8 A 2/8 B  
   ���� �(��/+*) D���5 �� H(5( 
0  0 0 0 0 0 0 
30  9/0 f 6/1 c 3/2 a 2/2 a 9/1 b 8/1 A 
60  3/1 de 2/1 e 3/1 d 3/2 a 0/2 b 6/1 B 
90  7/0 g 2/1 e 2/1 de 2/2 a 9/1 b 4/1 C 

��P����  7/0 E 0/1 D 2/1 C 7/1 A 5/1 B  
:*��P���� �$�� �),�� #E�� u��� 5 M',� �	 �� 3/�X� �5�[ �/ �	 H?� �� ���5#$,�	 #T��  . ��� -#K -��� M�X� ~�!/ �5�[ �/ �;T� (��0�)M'��
 LSD.( 
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        	 3+/ -#������/ ��/��� 3;T�[ G��,� \��� �/      (��&'+� �'+� -��+<

      ���+� H?� �� "'��'�
30  �+;��         3+/ �+Z$� R�+� "�%'+;�� �� "�+%
�++$�� @	�++��++$�� @	�++� ��++$]<	 5 A++�F'&'�/ ��++�;<= ��� ���

        ���+� >'?� �� "#$% 3��� ���;<=30   5 60  �+;��      "�%'+;�� �� "�+%
 #K R�� . �� �2� 3/    #+K� �+/ "'+��'�
 �a�/ >'?� ��$� (��0� #��

   �� n'�� 3/ -��%             8�#+e� "#+= 3+Z�,� �� -�+�% ���_,�� 3�&5� 8[��� 
                 ����+� �� R�+� u��+l ���+��'� �+P�� ��C �� 5 (��,�� 3/ "'��'�

                   ��'+�  R�+� �+&
 �/�+� Y+� M�!+�� 8�&� 3/ -��% ���� ��'� MF5�,��

  -���,��)92/0 #T��  (           �+/ �+�� �+�� 3+� #K�/ 3;j�� ��� �&�<,[� 8�&�
   t�F (�_�_b�)28 (    ��+���� 5 ��'c 5) 10 (  ���� ���'+d<	 .    �+�� �+/

                 �+/ ���0�+� "'+��'�
 (��&'+� �'+� -��+<	 3+/ -#������/ ��/��� �'c5
      ���� H?� �� A�F'&'�/ ���;<=60 �;��         5 R�+� "�%'+;�� �� "�+%

        ���� H?� �� "#$% 3��� ���;<= ��$]<	90 �;��      "�%'+;�� �� "�+%
��� 3,K�#�.  

  
  
  
  

     ���� ��	
�� �������� 	����DMPP   ��� �      )*����+ 	�� 	�
 	��� ,	-$  

           5 �+=��� ������ �/ �X����
 ��	��<�� ��01� ^�����5 3�!Z� G��,�
                5 MF5�+,�� q/�+$� ��01+� ��� M�X� 3��� 5 ���'	 "�#�� �� ���� ������/
         �� �'� �����K �/ ��
 @$�<	�/ ��$]<	 5 ���� u;,d� >'?�

    �$�� ����
 #T�� A� H?�    ��� -#K ��� .  �� M�X� G��,�   ���+<� �� �
            "'+��'�
 (��+,�� (��&'� �'� -��<	 3/ -#������/ ��/��� B���� >'?�

  �$�� @��!�� 3/ �Z$�    �� 3+��� 5 ���'+	 "�#+�� ���� �=��� ������ ���
          #+K -#+������/ #+E�� ��� 3/�X� ��<�� �/ 3���_� .       ��/��+� M�+�� �+�� ��

              +$�� @	�+� 3+/ �+Z$� "'+��'�
 (��&'� �'� -��<	 3/ -#������/� ���
      ���'	 "�#�� ���� �=��� ������   3��� 5    ���� H?� ��30 �;��   �/ "�%

          #K -#������/ #E�� ��� 3/�X� ��<�� �/ 3���_� �� R�� "�%';�� .   �� �+��
                ��01+� "'+��'�
 (��&'+� �'+� -��+<	 3/ -#������/ ��/��� 3� �'/ �&�[

�$��                ���+� H?+� �� ���'+	 "�#+�� ���+� �=��� ������ �/ ����60 
�;��            >'?� �� 3��� ���� �=��� ������ 5 R�� "�%';�� �/ "�%60  5 

90 �;��                  #+E�� �+�� 3/�X+� ��+<�� �+/ 3�+��_� �� R�� "�%';�� �/ "�%
 �K�#� -#������/) 75#c5    .( 

 

 �	��5-�� �� (?>3 ,3�7� 	 %+��7 %���� (� (?>3 V��W� C�"@ 	 D�	(��� 9�*� ;*�/�(� <�=��� �>��� %���� H��	 ���� H�*5 
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 J�(��� J?!�@
H�����I<�=���  

)mg kg-1(  %���� H���� (?>3 %+��7 %����*) gr gr-1 P(  
30  7/17 h 4/30 d 6/39 c 4/52 a 6/44 b 9/36 A 
60  2/22 g 2/16 ji 2/15 jk 7/26 e 8/23 f 8/20 B 
90  3/14 k 6/16 i 3/14 k 2/17 hi 0/15 jk 5/15 C 

��P����  1/18 E 1/21 D 0/23 C 1/32 A 8/27 A  
  ���� (?>3 %+��7 %����) gr gr-1 P(
30  1/4 f 5/7 c 8/10 a 4/10 a 1/9 b 4/8 A 
60  1/3 g 8/2 gh 2/3 g 5/5 d 8/4 e 9/3 B 
90  1/1 j 9/1 i 0/2 i 1/3 g 7/2 h 2/2 C 

��P����  8/2 D 1/4 C 3/5 B 3/6 A 5/5 B  
  %���� H���� (?>3 ,3�7� %���� ( % )  
30  5/5 g 2/11 c 3/14 b 5/16 a 3/14 b 4/12 A 
60  3/6 f 2/6 f 5/5 g 6/9 d 2/11 c 8/7 B 
90  8/3 i 0/6 f 8/4 h 8/7 e 5/6 f 8/5 C 

��P����  2/5 E 8/7 D 2/8 C 3/11 A 6/10 B  
  ���� (?>3 ,3�7� %���� ( % )  
30  8/2 f 1/6 c 5/8 a 6/8 a 3/7 b 7/6 A 
60  3/2 g 5/2 fg 6/2 fg 8/4 d 0/4 e 3/3 B 
90  8/0 i 7/1 h 8/1 h 4/2 g 7/2 fg 9/1 C 

��P����  9/1 D 4/3 C 3/4 B 3/5 A 6/4 B  
 :*��P�����$�� �),�� #E�� u��� 5 M',� �	 �� 3/�X� �5�[ �/ �	 H?� �� ���5#$,�	 #T��  .� -#K -��� M�X� ~�!/ �5�[ �/ �;T� (��0� ��) M'��
LSD.( 
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Abstract
Low phosphorus use efficiency in calcareous soils is one of the problems of wheat production in the fields, 

all over the world. This experiment was conducted to elucidate the effects of nitrification inhibitor (NI) 3,4-
dimethylpyrazole phosphate (DMPP) and phosphorus (P) levels on the yield and P use efficiency of wheat 
(Triticum aestivum L.). A factorial experiment in randomized complete block design was carried out with two 
factors of type of nitrogen fertilizer (1- control: with no added N fertilizer, 2 and 3- ammonium sulfate fertilizer 
(ASF) with and without nitrification inhibitor DMPP, 4 and 5- ammonium sulphate nitrate fertilizer (ASNF) with 
and without nitrification inhibitor DMPP with rate of 100 mg N Kg-1 soil) and different levels of P (0, 30, 60 
and 90 mg P kg-1 soil) on spring wheat cv. Pishtaz during 2010 at ShahreKord University with three replicates. 
According to results, application of nitrification inhibitor DMPP with both of ASF and ASNF resulted to 
meaningful increase of soil available P at the end of experiment as well as significant increase of NH4+ and also 
significant decrease of NO3- in the soil during experiment as compared to similar treatments but without NI. The 
results indicated that application of nitrification inhibitor DMPP with ASNF at all P applied led to significant 
increase (P<0.05) of biological yield and grain yield of wheat and also P agronomic efficiency of aerial part  and 
grain of wheat compared to ASNF but without NI. In conclusion: application of nitrification inhibitor DMPP 
with ammonium sulfate nitrate fertilizer is recommendable to improve yield and P use efficiency of wheat. 
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������������������������������������������������������������
1,2,3- Former MSc Student, Assistant Professor and Professor of Soil Science Department, College of Agriculture, 
Shahrekord University, Respectively 
(*- Corresponding Author Email: shkiani2002@yahoo.com) 
 


