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I,8�,  

���-( `��-�� �� �E�� ��'�(  b�9� +� 2D�X

�*�E /)�* ;��%I4 `��E�� /2$3I� '�(" ���+ b�9� 

2���= " 2��313D '�(��@ ��"�`@2X��HX " �( '�(

24�� = �� �!��� �� 2!3G� �I�+ " )�* " m= '�(

���-('�"��� �� +�3X /��@ 7�RX� 2��1, '�( �� 8�8. '�(

2� n�IV� '+�"�<@ `&���D .�3$1, +� ;��U%E� 7"�8	 >

6= " J"�8%� 2,��+  ;g�" �� /;��<� N&D �� 20%� N(

 2,��+ 6�(�34 '���5� _%*�E �� F��@ b�V �� �@ 2%:"

 �� 6= o�!GX� " )�* 8�8D `��E�� C.�� /8D�� 7��	

 �E� ;8D 2���l ���� 83 �	 Z]�� �a�	 6���,

)Montgomery, 2007 .( " m= ��]1@ " ���"8G�

3D '�(��@ " �*�E �13: `��-�� 2��31) �� ;g�" ��

�X���� b�V�( (���-( `��-�� C.�� -3X 8(��* 83 �	 '�(

8D .6"8� " 2%e�UV '+�"�<@ '�( N%I3E +� ;��U%E� 

)�* +� `3� �� �3X� Q!E �� �i�V J�V �� '+�"100 

 " #$%&� 213$:� ^���D �� " �E� ;83E� ��%0( 6�3$3�

)�* p��X� �E� ;8�=�� ��.� �� �( .�� hq� �� 25B�

 +� `3� 248X���2500 2$3�  6���� N@ ��3I� rB��� �	 �%�

 +� �%1@ 248X��� ��250  �%��� ��E�	 J�E �� �%� 2$3�

�E� . 6���01( " � �(�")Verhulst et al., 2010 (

 �( ;8D C.�� �<� '�( �3 ��� �@ �E� ;�+ _31&	

 � �E26  �@ ��D ;��E�� s�d� Q!E )�* _	 6�3$3�

6/2 �����E� 6= 2�3]B �,�E � . �� 2E�%E� ��." ��

 ���<3� J�9V 2��� d�� ��0$1, F3IX�%� �� 8�8. 7�:��

 7�:�� ��0$1, `��-�� 6�+�"�<@ p��-� �� ���1, /203%Xt

 �� �@ �E� ;8<X F?�V �aX= 83 �	 F3IX�%� Q!E �	 8�8.

2� 2,��+ 6�(�34 #3�i ����8� F3 �8D�� )Reynolds 

and Tuberosa, 2008( . '��.� +� F?�V 8���� 2$@��!�

;�3D;�a� `��-�� 2%e�UV '+�"�<@ #$%&� '�( �� '�"

;��aX b�9� +� '�34�$. /'t�X� " �:" �� 2u�. ���? /�(

 �� " )�* '-3&$?�V �.�� `��-�� /)�* `��E��

 2,��+ >d�9G� ��0$1, '��8��� " ��0$1, `��-�� �R3%X

2�8D�� )Verhulst et al.,2010(.  

�"�)�* '�( `��-�� F3 � �� �%��� `(�@ '+�"

 ���B� TUV " /)�* �%1@ 6�-1(�� /)�* 2 = ����

2� )�* �� �%<3��3 ��� 6�-3� 8X��	 " 2%I�+ '�(

�3�1.8(� `��-�� �� )�* 6���8X�.-�� '�( . 8�v �(

N%I3E �� )�* �E��)�* '�( o��� �%��� `(�@ '+�"

�E� ���4 6��"� P� �� ) Simmons and Coleman, 

2008( . �� �%����� >��? >�<���+= �q@� +� F?�V w�%X

 `��-�� �@ �E� ;��� 6�<X 6�a. P<* �13X rB���

)�* J�1,� �� 78�4 x�9* �� >hl ��0$1, '+�"

2� F?�V >8� 8�$� �� " �%��� `(�@ �� " ���4 

J�E2��� >"�U	 �3 "� '�()�* �� '��� J"�8%� '+�"

%D�8X�E� � . rB��� �� �%��4 7�RX� >�535G	 +� 2*�� ��

J�E �� �@ ;8D ���-4 �3X� P<* �13X 2��8%�� '�(

2� J�1,�)�*)�* " '+�" �I��5� �� �%��� `(�@ '+�"

)�* �� �( /�E� �%��� `(�@ >hl ��0$1, J"�8%� '+�"

�*�E `(�@ +� 2D�X '��9%:� ;�+�� `��-�� 8�v '�(

�0$1, `(�@ 2$3I��E� ;��1X 6��]. �� � )Zarea,  

2011( .�%E"� r35G	 +� �$?�V Y��%X )Rousta, 2009( 

)�* '�(��13	 �@ ��� 6�<X �� 2%e�UV " F:�8V '+�"

)�* ��13	 �� �I��5�2��� `��-�� y,�� /7�E�� '+�" ���

�X�8@�* '��8��� " )�* 2 = ;��� ��85� `(�@ " �(  

2����4 )�* `��E�� 6�-3� ���8�� . " '83D� Y��%X

6���01( )Rashidi et al., 2011( J�1,� ��� 6�<X /

N%I3E)�* #$%&� '�(2��� ���8�v �( '+�" �� '���

 2 " /�D�8X 78�4 2U3@ >�3?�9* " 21@ ��0$1,

)�* J�1,� �� 2%I�+ >��33z	 C.�� �%��� `(�@ '+�"

8���4 )�* +� 29&<� r1,        .  

 `X�� 2%e�UV '+�"�<@ 6�+�"�<@ '��� �� 7+d ��-�� "

2� N(��� +� J�]: F��: ��E �� 2E�%E� �� ;"h, �	 8��1X

 ^3G� +� 8�X��%� ��8��� " �%<3� J�9G� 83 �	 r��B

8���1X ����G� -3X 83 �	 Z���� " �I�+ . +� F?�V Y��%X

6���01( " 2X�R3$, r35G	 )Alijani et al., 2011( 

�"� �@ ��� 6�<X)�* '�(" �� �$]�E ��8�	 �� /'+�

 /�$]�E �� �X�� ��8�	 �� 2(�34 '���5� ����5� " Z����%�

2��� �3�{	 J�E "� �( �� �	�� p�U	�� " �X�� ��-( 6+" ���

�D�� .)�* ��13	 �� �X�� ��0$1, �q@�8V `(�@ '+�"

 ��13	 �� �@ 8�= �E8� ���5� 6"8� " �%���100  ���5� 8?��

2��� >"�U	X �� '��� '83��	 ��* p�i�� _�� " ��8X 6�<

 Z���� +� ;��U%E� �a. �,�-� �� ���5� '��8aHX 7"-  ��

�E� 6= 6�"��� . ��13	 �� )�* 6t"�%3X " 2 = _��@ 8?��  

)�* `��-�� /���5� ����5� `��-�� �� " �%��� `(�@ '+�"

���� .  

 >�| '���5� +� 2]E��� ����5� �����@ �0��� �� �.�	 ��

 �<@ �� )�* 2 = _��@ 8?�� `��-�� C.�� /78�4

2�2� �3?�	 �����@ _�� /��D 6��%� �@ 2	��? �� " ���4

 >�3$1, `(�@ +� 2D�X �X�� ��0$1, >8� ;�	�@ ���
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)�* �� /��@ F1G	 �� �,�-� �� ���5� '��8aHX " '+�"

 8�= 8(��* �E� �� 2��$!� ��0$1, >8� 8�$�)Alijani 

et al., 2011 .( `���+=6���01( " '�U? )Safari et 

al., 2013(  Q!E �� ���5� ��� /��� 6�<X5 ��� " 8?��

�"�Q!E �� �D�@ #$%&� '�(1  �X����0$1,�� 8?��

2���2 �V�� /8D ���)�* ��� �@ �3�{	 ��0$1, �� '+�"

2���)�* ��� d�1�� " �%D�8X ��� J�9G� 8D� �� '+�"

?�V )�* >�3?�9* �� �33z	 r��B +�2� F _�� �@ ��D

2� >��? 2���= �� 8X"� �33z	����� .�"� '+�"�<@ '�(

 `&� 2�3]B 20�t� �3� '�(8��=�� ��]a� C.�� 2%e�UV

2� )�* '"� " ��+ " � �*� `(�@ r��B +� �@ ��D

)�* �33z	 " )�* '��0%E��8%� '+�")�* �� J" '+�"

2� �I3� F:�8V�D� )Verhulst et al., 2010.(  ��

�X�13X 2V�6= +� 6���� P<*N%I3E �@ �.'�(  6"8�

)�*N@ " '+�")�* N%I3E �� �I��5� �� '+�"  

)�*2� 7�E�� '+�" ��]a� �� '�%a� ��� 8�X��	

8�D�� �%D�� )�* 20�-3� >�3?�9*/ �� �E� 7+d 6���,

N%I3E ���: ;��U%E� ���� 78�4 �<@ �� 83U� " ��}� '�(

8X�34 )Barzegar et al., 2004 .(�� /2$@��B '��.�

N%I3E ��E �� 2E�%E� �� ;"h, 2%e�UV '+�"�<@ '�(

 >�3?�9* �� �%<3� J�9G� 83 �	 r��B +� J�]: F��:

2� ��8��� " m�$!� 2U3@�+ ^3G� +� 8X��	 Z���� " �I

 ����G� -3X 83 �	@�8� . �3��	 �� �!� b8( �� r35G	 _��

�"�)�* #$%&� '�( 6�-3� " '+�" �� 2(�34 '���5�

8D 7�RX� 78�4 2U3@ " 21@ >�3?�9*. 

  

"��  � 
%�,�.  

 2,��+ J�E �� �����4 2	�535G	 ;�H%I�� �� r35G	 _��

92-1391  78�4 �<@ �� �%D�4 J�E �� �@ 2�3�+ ��

 ��.� /�D�� x�9%*�8D . m"��	 ���<� �@ 2�"��	 N%I3E

� `���+= _�� �� " �E� �5!�� Y��� 2,��+�6���,  _%�

���4 ���: ;��U%E� ���� 2,��+ m"��	�� /m"��	 >��? 

78�4- �.-  78�4��� .>�@ >��? �� `���+= ��* '�(

)�$� ���� A�B C �: �� ;8D �E �� 2���9	 F��@ '�(

  ���0	8D 7�RX� . `���+= '�(��13	 F��D�"� '�(

)�* #$%&� '+�"�� �E �� `���+= 2$?� F��, 6���,

 Q!E)1 - )�*"J"�8%� '+�:  N&D + PI�� + Q3!I	 +

 "��� ��R�� +2!* �� �D�@ /��@2- N@)�*'+�":  PI��

 + "��� ��R�� +2!* �� �D�@ " ��@3- 2�)�*'+�": 

N35%I� �<@ ��@��� �� �D�@ ( �� 2(�34 '���5� 6�-3� "

 Q!E �E�� 2,�� F��, 6���,)1-  /���5� 6"8�2-  TUV

30   " ���5� 8?��3 - TUV 60 ���5� 8?�� (��� .  

)�* >�3$1, 6��+ �� 8V �� )�* ���B� '+�"

 >�3$1, 7�RX� '��� 2X��"� ��%@��	 +� " ��� 2,��+ �3��e

)�*8D ;��U%E� '+�" .)�* ��13	 �� r1, J"�8%� '+�"

 �"8V ��8X���4�� _(="�4 �� N&D30  " ��� �%� 2%X�E

 r1, �� P]E PI��15  �	20 ��U%E� �%� 2%X�E8D ; .

 6+" " ��� �"� +� 2(�34 `D�� 8?�� �]E�G� '���

8D ;��U%E�/ �� Q!E P� +� 2(�34 '���5� �@ C3	�	 _��

 6+" 68D P<* " �<%ID +� f� " ;8D ;83v _3��

8X8D  Q!E 8V�" �� ���5� 6+" "_33�	  �� `D�� 8?�� "

 _3�� Q!E 8V�"8D .�� m= �� �<%ID�8. �$,  6��@

2.��* ���� " )�* 2� 7�RX� ���5� �X�1X +���D .  

 ������ ;8D #���	 '�(��13	 n�E� �� ���5� 6�-3�/ 

8D  TUV )�* Q!E '"� 2$]: 2,��+ ;�34 '���5� . '���

�X�1X r��B +� ����� _�� '�����)5  �%� P� >�����@

2���� (>�@ +� P� �( +� �( �� ���5� ��85� 2$?� '�(

13	 '��� f~E " _33�	 2$?� >�@ �� �!� ���� '�(��

>�@ +� 2��i� '���5�8D b�V �( . N35%I� �<@ '���

2!* +� 78�4 N35%I� �<@ ��@)2X�81( �4+�� J8� ( "

8D ;��U%E� 2E��� 78�4 2	��R	 " Y��� N:� . >�@ �( ��

 ��8�	 2,��50  �$?�� �� 78�4 #���20 2%X�E �� " �%�

 J�B50 8D �<@ �%�. _�������/ �( �V�I� >�@  2,��

 J����500  Z��� �%�)50×10( 2$?� >�@ �( �V�I� /

4500  Z��� �%�))50×10 (×9 ( `���+= F@ �V�I� "

3D�V _%��4 ��X �� 6"8�� �(13500 = 4500 × 3 

���  Z����%� .  

 N35%I� �<@)2�)�*'+�" ( �@ 2�3�+ �� 78�4

�3( �D�@ +� F]:)�* >�3$1, �X�4X >��? '+�" �%��H

* �� /���2! 7�RX� ��@D8 .N@ �"� ��)�* +� '+�"

2!* +� 78�4 �<@ '��� f~E " 8D ;��U%E� PI�� ��@

)2X�81( J8� (8D ;��U%E� .)�* /J"�8%� �"� �� '+�"

6���4�� _(="�4 ^E�	 " 7�RX� Q3!I	 " PI�� /���

�	 78�4 f~E2!* ^E ��@)2X�81( J8� ( �<@D8 .

�@ J���� n�E� �� 2��9� ��@ 6�-3� �� " ;�H%I�� '�

)�* ��-R	 Y��%X n�E� ) J"8.1(  6�-3� ��120 

 /;�"� Z]�� +� [ �* 6t"�%3X 7�4�$3@75  �UI� 7�4�$3@

 " N3X��= >�UI� Z]�� +� [ �*50  N3E�%� 7�4�$3@

 N3E�%� >�U �E Z]�� +� [ �* J�1,�D8�� />��? _�� 

 �@30  N3E�%� " �UI� ��@ 2��1	 " 6t"�%3X ��@ 8?��
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1( �� )�E >��? �� 6t"�%3X ��@ 25��� " �D�@ �� 6��-

�R�� �$V�� "�8D b�9� Nv�� ��� ��ae �$V�� " 2X+ .

)�* '�(��13	 �3$@ '��� 2��9� ��@ 6�-3� " '+�"

��� 6�I0� 2(�34 '���5� .2!* �@ 2��RX= +� 2X�81( ��@

�� ;"h, J+�X2� -3X ��@��@ �� -aR� ��@��� '�( /8D��

� >�3$1,)�* #$%&� '�(��13	 �� ���� ��@ b�9 '+�"

8D 7�RX� '��@��� �� 6��-1( . " 20�-3� >�3?�9*

 J"8. �� `���+= '��.� FG� )�* 2��313D1 ����� 

�E� ;8D.  

  
 J"8.1- )�* 2��13D " 20�-3� >�3?�9*  

Table 1. Physical and chemical properties of the soil   

�%�83E� 
pH 

 ���8(

�%0 �20�  

EC 
ds/m 

2 = ;��� 
Organic 
matter 
(%) 

_D 

Sand 
(%) 

�3$3E 

Silt 
(%) 

n� 
Clay 
(%) 

6t"�%3X 
N 

(%) 

�UI� 
P 

(ppm) 

N3E�%� 
K 

(ppm) 

7.8 3.4 0.31 57 23 20 0.055 5.5 122 
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483E�24g�" " P�t� ��-3� 2 P�t� ����� '�() ��8�	

�	�� ��"�5� /�$]�E J�B /�	�� p�U	�� /�%��� ���5%E� '�(

'��13� ���	�� 2483���* 6�-3� /�( 68D �� ;�"� J�B " �(

�X���( ( �X�� ��0$1, '�-.� " 8D '����� �D�����) ��8�	

�� �%� P� >�����@ +� ;��U%E� �� Z��� �%� �� �$]�E��2 /

�$]�E �� �X�� 6+" " �$]�E �� �X�� ��8�	 ( +� ;��U%E� ��

20 �X�� ��8�	 ���1D �� �8%�� 2���9	 �$]�E f~E " �(

6= 6+" �:� �� n�IV '"+��	 �� �(001/0 ;+�8X� '�34

8D .�X�1X �D���� +� f� Q!E +� �(12 �%�  �8%�� /Z���

 ��0$1,�I�+;��	 ;+�8X��0���* +� f� " '�342�/ 

 >�@ �( �X�� ��0$1,[&<�  �]� "D8 .  

�� �"� +� `���+= Y��%X '��9%:� 2E��� 7�RX� �����

�.���-. '8���2��aX F3$G	 " 2  8D ;��U%E�

)CIMMYT, 1988 .(���-( �8%�� 2E��� _�� ��  " �(

8D �]E�G� #$%&� '�(��13	 '�(8�=�� . Z���� f~E

��-( " ��0$1, �+�� F@ Fi�U	 +� /[ �*� �@ 2��(

��13	 �� /8X��� bh%*� N( �� 6= �� �(8�= �E� . �$V�� ��

���-( n�E� �� �(��13	 F@ 7�E  " C	�� ���+ �� N@ +� �(

 f~E �!���)1(  '����1( 8D �]E�G� �(��13	 :  

)1                                (
ab

ba
ba CC

GBGB
MGB

−
−

=  

 /�!��� _�� ��a  "b �(��13	� 8�%I( 2 N( �� 8��� �@

8X�D �I��5�/ GB  +� �@ �E� ��13	 [ �*�X Z����  

F?�V �]E�G� J�9G� �13:  " ��%0( �� 83 �	 m�i

2���D/ Cb  "Ca  '�(��13	 ���-(a  "b  "MGBba /

�aX [ �*�X Z����� ��13	 2b  �� �]IXa  `��-�� �HX�3� "

 ���-( �� `��-�� 8V�" P� '�+� �� F@ 8�=���E�. 

������/_� �aX ��U�� 6�-3� �4�� P� +� �%1@ 2�D ��13	 /�

b 2� ����D . +� ;8D �"��� '�(��13	 b�V +� f�

���8R� >�]E�G� " >�I��5� 7�RX� /J"8.  '�(��13	 ��

2:��2� 7�RX� ;8X����D .��-� �	 ��@ _�� 68D P� +� �	

2:�� '�(��13	 �3$@ [ �* Z����2� ����� ;8X�� �� �	 8���

U%E���34 >��? 2��aX m�&%X� /;�+�� c�X ��3�� +� ;�� .  

2���+�� �� �0��� �� �.�	 �� �E� 2a�8� '��9%:� '�(

���-( '�+� �� 8�=�� `��-��  /�E� ��X 8� ;8D 7�RX� '�(

_�� +�"� ���-( �E� )�%<� �(��13	 �� �@ 2��(/  b�V

2� X�D8 . [ �* Z���� �8%�� 2��aX ;�+�� c�X �]E�G� �a.

X 2��a �!��� r]B)2 (2� �]E�G���D :  

)2                                  (abba NBNBMNB −=  

�!��� _�� ��/ MNBba  2��aX [ �* Z���� �HX�3�

 ��13	b  �� �]IXa  " ;���6�<X;8�(�   Z���� `��-��

 ��13	 '��.� +� 2D�X [ �*B  ��13	 '�. ��A �E� .

 2��aX ;�+�� c�X)MRRb ( 8?�� �HX�3� �@ ��13	 P�

 6= '��.� ���-( ��+�� J�]: �� ��13	 P� [ �* Z����

��13	 �� �]IXa   �E�)�����E [ �* ;�+�� '���4( -3X /

 �!��� +�)3(  �]E�G�8D :  
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MNB
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ab
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=  

 '���F3$G	 " ��-R	 ;���F0D NE� " �(7�X +� �(� ��-�

Excel �&IX 2007  ��-R	 '��� " ���E"�0��� �@�D

;��� fX����"7�X +� �( ��-��MSTAT-C  �� " 8D ;��U%E�

_3HX�3� �I��5� 7�RX��( ��_0X�� �"�/ F3$G	 '���= '�(

� 6= �� ^]	�� >�U? " ��0$1, '"��8�= F1, .  
 

  

J�3 � K��*?  

L�' 67�  �%8?%4�%�. -�.  

8X� P<* 6+" Y��%X7� �� �@ ��� 6�<X 2���( '�(

�X�� '�31* �$V�� `�01(�� )�* '+�"× ���5�  �� "

Q!E �� ���5� ��� P�t� ��-3� 2483E� �$V�� Y�� J�1%V� 

2��� 8?�� 8D ���)J"8. 2 .( ��$]�E '�1X FV��� ��

�X�� 68D '�31* �$V�� �	 2��a%X� '���= >��h%*� �(

2���)�* '�(��13	 _3� '���+�"8X ��." '�D� . ��

P�t� ��-3� 2483E� �$V��/  +� P<* 6+" _��%<3�

)�* ��13	`(�@ '+�" _��%1@ " �%��� ��85� ��13	 +� 6=

)�*�� Y��� '+�" 8�= �E�) F0D1 .( /_3��1(

7�8X� P<* 6+" _��%<3� 2���( '�( ��� �$V�� 2483E

 P�t� ��-3� A�!E ��60  "30 �� ���5� 8?�� �� C3	�	

1170  "1159 �U? ��13	 +� 6= _��%1@ " Z����%� �� 7�4

 �� ���5� 8?��2/974 �� Z����%� �� 7�4 8�= �E�)F0D 

2 .(�1X 2��8%�� FV��� ��/  A�!E �� ���5� 6�-3� ��13	60 

" 30  8?�� �U? Q!E +� �%1@ bh%*� 2@8X� �� 8?��

 2483E� �	 '�31* �$V�� �*�"� +� " ��� ���5� 6�-3�

��-3��� P�t�  ���� `��-�� '8�	 C3D .2� ��X �� 8E�

 ���5� ��." �@�� �� )�* Q!E F1, � �� 6���,�@ ;� "

 )�* ���B� +� 2<&� �� TUV2��@8  FV��� �� �@

8D�' n�IV )�X�� 68D�� ;�"� ( 203 ���%� J�1,� �a.

�E� �%��4 ���: ;��U%E� ���� -%�E�%� " . " f��d�"�@

 n�%1.)Cavalaris and Gemtos, 2002 (X ��." -3

 ���5�� 83D��* ��D� 683E� '��� 2�X�� �� )�* Q!E �

 `(�@ �� )�* Q!E +� m= �3&]	 �@ 8�%IX�� )�* ��

2�(�8  " �R3%X �� ;8D ;�3*| ���B� `��-�� C]E

2� )�*�� �]q� �3��	 ��0$1, ��]a� �� �@ ��D��.  

 
 J"8.2-  P<* 6+" fX����" ��-R	 ��( 78X��� �!� ���� '�(��13	 �� 2�  

Table 2. Analysis of variance for shoot dry weight in the studied traits  
  >����� _3HX�3�††         ††Mean square        

df 
 >��33z	 Z����  

Source of variation DM5 DM4 DM3 DM2 DM1 

161085.815 219343.000 48590.778 12658.926 1536.704 2 
���0	  

Replication  

47664.037 ns 11116.778 ns 12802.333 ns 3805.148 ns 601.148 ns 2 
)�*'+�"  

Tillage  (A) 

77010.926 5060.944 23738.944   7050.259   2657.204 4 
 >�@ '�!*(2$?� '�  

Error (A) 

108508.926* 35690.77 ns 27919.444 ns 3202.25 ns 2443.25 ns 2 
 ���5�  

  Residue (B) 

51315.870 ns 65410.222* 15662.944 ns 4729.593 ns 2102.093 ns 4 
)�* '+�"×  ���5�  

A×B 

34552.722 25794.352 13769.500   2637.537 1073.426 12 
>�@ '�!*2,�� '�(   

Error (B) 

16.89 18.62 22.63 18.78 33.23  �33z	 C��i >�)8?��( 
CV (%) 

ns /* " ** :��C3	�	 2����3l ��� " 2��� ��� �� A�!E J�1%V� 5  % "1  .%  
†† DM1  �	DM5 ��>��], C3	�	+� 8X� :7�8X� P<* 6+"$V�� �� 2���( '�(� 2��a%X� ��$]�E �1X / �$V��;��42X�<�� /�X�� '�3D �$V���( / �$V��

�X�� '�31*�(  "P�t� ��-3� 2483E� �$V�� .  
ns, * and ** : Not-significant and significant at 5% and 1% probability levels, respectively. 
††  DM1-DM5 means: Shoot dry weight at developmental stage of terminal spikelet, anthesis stage, milky grain 

stage, dough stage and physiological maturity.  
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 ��0$1, �� ���5��I�+;��	  �D���� [*�D " �X�� "

2��� 8<X ���) J"8.3 .()�* ��� d�1�� 8D� �� '+�"

2� F?�V )�* >�3?�9* �� �33z	 r��B +� J�9G� -

���� 2���= 8X"� �33z	 _�� �@ ��D .F3 � _31( ��  ���

)�* '�(��13	2��� J"� J�E �� ��0$1, �� '+�"��]X ��� 

)Malehi et al.,2006( .535G	 Y��%X>�  " '83D�

6���01( )Rashidi et al., 2011( ��� 6�<X -3X �@ 

N%I3E J�1,�)�* #$%&� '�(2��� ��� '+�" �� '���

�D�8X 78�4 2U3@ >�3?�9* " 21@ ��0$1, . �!��� ��

�3�{	 78, �� �"�)�* #$%&� '�( ��0$1, �� '+�"

 6���01( " 2X�"�I* /78�4)Khosravani et al., 

2000( 6���01( " �%I10� /)McMaster, 2002( /

 f3 ��I	�I	 " -3R����%3 )Lithourgidis and 

Tsatsarelis, 2002 ( 6��01( " �%�" '� ")Dee Vita 

et al., 2007 (X ���-4 �� 2a��<� Y��%X -3��@8X.  

;��� _3HX�3� �I��5� ��� 6�<X �( �@ ��0$1, _��%<3�

)�* ��13	 +� �X��� J"�8%� '+�"� 8�= �E�) J"8.4 .( ��

 �� �U? +� ���5� `��-��60  ��0$1, 8?���I�+;��	  "

� �X��� +� �aX= ����5� _��%<3� " ���� `��-�� 2]IX ��B

 ��13	60  8D F?�V ���5� 8?��) J"8.5 .(f��d�"�@  "

 n�%1.)Cavalaris and Gemtos, 2002 ( ��." -3X

� ���5� 83D��* ��D� 683E� '��� 2�X�� �� )�* Q!E �

 )�* ��`(�@ �R3%X �� "  m= �3&]	)�* Q!E +�  "

�� ;8D ;�3*| ���B� `��-��  )�*�@ 8�%IX��  _�� +�

2� r��B ���B� �� ;�34 2E�%E� �3$��: `��-�� �� 8X��	

 �]q� �3��	 )�*8D�� �%D�� . 6���01( " '�U?)Safari 

et al., 2013 ( -3X2��� bh%*� '���'���5� _3�90  "45 

���5� 6"8� Q!E " 8?��/ ����� 6�<X " 8X��"= �E�8X  �@

�� r1, 7�1	 �� ��13	 �� o���� ���B� 8?�� _��	d�� �(

'���5�90  8?�����  �� �]IX �� ���5� +� '�%<3� ��85� �@

'�(��13	 )�* +� 8�� �H�� 2:�� )�* Q!E '"� '+�"

2�����4 . ;��@ F1, )�* Q!E �� 2�X�� 8�X�� ���5� _��

 " ;8D )�* �� m= |�UX `��-�� " m�X�"� `(�@ y,�� "

2� )�* 2X+" ���B� _3HX�3� `��-�� y,�� �R3%X ��-

8X�D. ���<� Y��%X^E�	 '�  6���01( " �H "�)Ulger et 

al.,1993 (2E�], "  6���01( ")Abbasi et al., 2010 (

�� -3X�E� ;8�= �E� . Y��%X r35G	 _����� 6�<X �@ 

��13	 +� �D���� [*�D 6�-3� _��%<3� N@)�* �� '+�"

? Q!E 8D F?�V ���5� 8?�� �U) J"8.6.(   

 6�<X Z����%� �� �$]�E ��8�	 fX����" ��-R	 Y��%X

)�* ��� ^5� �@ ����� '+�"  Q!E5  8?��2��� 8D ���

)J"8. 3 .( ��13	 +� Z��� �%� �� �$]�E ��8�	 _��%<3�

N@ )�*)�* ��13	 +� 6= _��%1@ " '+�" J"�8%� '+�"

��8�= �E�. )�* '�(��13	 7��	 ��� �� ���5� 6�-3� " '+�"

 ��8�	 _��%<3� �@ ��� 6�<X Z����%� �� �$]�E ��8�	

N@ ��13	 +� Z����%� �� �$]�E )�*� '+�" �U? �� J"�8%

)�* +� 6= _��%1@ " ���5� 8?��" J"�8%� '+�"30  8?��

� ���5�� 8�= �E�) J"8.7.(  
  

 F0D1 -  �"� ���)�* #$%&� '�( P<* ;��� Z1R	 " 83 �	 �� '+�"

78�4 .CT )�*J"�8%� '+�" /RT N@ )�*'+�"  "NT 2�)�*'+�".  
Figure 1. Effect of tillage methods on production and 
accumulation of wheat dry matter. CT, conventional  

tillage; RT, reduced tillage and NT, no-tillage. 

 F0D2 - 78�4 P<* ;��� Z1R	 " 83 �	 �� ���5� #$%&� ����5� ���.  
Figure 2. Effect of different rate of residue on 

production and accumulation of wheat dry matter. 
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 J"8.3-  )�* #$%&� '�(��13	 �G	 78�4 2,��+ >�3?�9* " ��0$1, fX����" ��-R	2(�34 '���5� 6�-3� " '+�" 
Table 3. Analysis of variance for yield and agronomic traits of wheat under different tillage and plant residues 

�33z	 Z����>�  
Source of 
variation 

 �.��

='��+  
df 

����� _3HX�3�      >Mean square 

 ��0$1,

�I�+;��	  
Biological 

yield 

�	�� p�U	��  
Plant 
height 

 �� �$]�E ��8�	

Z����%�  
No. of 

spikes/m2 

�X�� ��0$1,  
Grain 
yield 

 [*�D

�D����  
Harvest 
index  

 �� �X�� ��8�	

�$]�E  
No. of 

grain/spike 

 �� �X�� 6+"

�$]�E 
Grain 

weight/spike 

�X�� ��-( 6+"  
Thousand 

grain 
weight 

���0	  

Replication  
2 93207.11 2.33 4928.70 8209.92 14.04 10.348 0.19 41.32 

)�*'+�"  

Tillage  (A) 
2 26775.11ns 430.33ns 40403.37* 5434.48ns 77.48ns 48.01ns 0.08ns 2.19ns 

 >�@ '�!*2$?� '�(  

Error (A) 
4 18579.55 209.33 6330.59 4934.59 38.48 30.33 0.07 10.39 

 ���5�    
  Residue (B) 

2 46241.77ns 271.44ns 4295.81ns 3889.81ns 25.92 ns 2.96ns 0.04ns 10.71ns 

)�* '+�"× �5� ��  
A×B 

4 48648.89ns 143.61ns 2048.70ns 2650.65ns 13.20 ns 9.29ns 0.03ns 8.59ns 

>�@ '�!*2,�� '�(   
Error (B) 

12 26411.85 104.55 3042.57 3626.53 16.00 10.39 0.02 4.86 

�33z	 C��i >�)8?��( 

CV (%) 
 12.37 3.42 11.64 12.07 10.44 7.75 10.53 5.77 

ns /* " ** :��C3	�	 2����3l ��� " 2��� ��� �� A�!E J�1%V� 5  % "1  .% 
ns, * and ** : Not-significant and significant at 5% and 1% probability levels, respectively. 

 

J"8. 4-  _3HX�3� �I��5�)�* '�(��13	 '+�"��X +�  ��0$1,�I�+;��	/  ��0$1,�D���� [*�D " �X�� 
Table 4. Mean comparison of tillage treatments for biological yield, grain yield and harvest index 

)�*'+�"  
Tillage 

 ��0$1,�I�+;��	  
Biological yield  (t.ha-1) 

�X�� ��0$1,  
Grain yield (kg.ha-1) 

�D���� [*�D  
Harvest index (%) 

)�*J"�8%� '+�"  
Conventional Tillage  

13.360a 5223a 38.9a 

N@)�*'+�" 
Reduced Tillage 

12.510a 5011a 40.9a 

2�)�*'+�" 
No Tillage  

13.530a 4733a 35.1a 

_3HX�3� 2��� >"�U	 /6�%E �( �� ���<� b"�V '���� '�(  '��� _0X�� 6��+= ��X +�8X��8X.  
Means followed by similar letters in each column have not significant differences by Duncan’s test. 

 
 

 J"8.5- _3HX�3� �I��5�  �� ���5� 6�-3� '�(��13	 ��0$1,�I�+;��	/  ��0$1,�D���� [*�D " �X�� 
Table 5. Mean comparison of residue treatments for biological yield, grain yield and harvest index 

���5� 6�-3� 
Amount of residue 

 ��0$1,;��	 �I�+  
Biological yield  (t.ha-1) 

�X�� ��0$1, 
Grain yield (kg.ha-1) 

�D���� [*�D 
Harvest index (%) 

 ���5� 6"8�)�U? (  
 Without residue (0%)  

12.30a 4830a 39.8a 

  TUV30   ���5� 8?��  
30% retention of residue 

13.46a 4913a 36.4a 

  TUV60 �5� 8?��  ��  
60% retention of residue 

13.63a 5224a 38.7a 

_3HX�3� 2��� >"�U	 /6�%E �( �� ���<� b"�V '���� '�(  '��� _0X�� 6��+= ��X +�8X��8X.  
Means followed by similar letters in each column have not significant differences by Duncan’s test. 
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J"8.6- 3HX�3� �I��5� _ ��� F��5%�)�*'+�"  × 6�-3� ���5���0$1, �� ;��	 �I�+�D���� [*�D " �X�� ��0$1, / 
Table 6. Mean comparison of tillage × residue interaction effect for biological yield, grain yield and harvest index 

`�01(�� )�*'+�" ×  6�-3����5�*  

Tillage  ×  residue 
interaction* 

 ��0$1,;��	 �I�+  
Biological yield  (t.ha-1) 

�X�� ��0$1, 
Grain yield (kg.ha-1) 

�D���� [*�D 
Harvest index (%) 

CT-R1 13.96 ab 5310 ab 38.0 ab 

CT-R2 12.59 ab 4777 ab 37.7 ab 

CT-R3 13.53 ab 5583 a 41.0 ab 

RT-R1 11.45 b 4823 ab 43.7 a 

RT-R2 13.60 ab 5113 ab 37.7 ab 

RT-R3 12.48 ab 5097 ab 41.3 ab 

NT-R1 11.52 b 4357 b 37.7 ab 

NT-R2 14.20 ab 4850 ab 34.0 b 

NT-R3 14.87 a 4993 ab 33.7 b 

_3HX�3� 2��� >"�U	 /6�%E �( �� ���<� b"�V '���� '�(  '��� _0X�� 6��+= ��X +�8X��8X.   
* CT )�*J"�8%� '+�" /RT N@�*)'+�" /NT 2�)�*'+�" /R1 ���5� 6"8� /R2  TUV30  /���5� 8?��R3  TUV60 ���5� 8?�� .  

Means followed by similar letters in each column have not significant differences by Duncan’s test. 
* CT, conventional tillage;  RT, reduced tillage; NT, no-tillage; R1, without residue; R2, 30% retention of residue; 

R3, 60% retention of residue.  
 

 

 ��� 6�<X fX����" ��-R	 Y��%X �@ '�(��13	 _3�

)�*2��� >"�U	 2(�34 '���5� ����8� " '+�" +� '���

 ��-( 6+" " �$]�E �� �X�� 6+" /�$]�E �� �X�� ��8�	 ��X

 �D�8X ��." �X��) J"8.3 .(��  ��8�	 _��%<3� ��." _��

)�* " ���5� 6"8� ��13	 +� �$]�E �� �X�� " J"�8%� '+�"

��13	 +� 6= _��%1@ N@ )�*�� '+�" 60  " ���5� 8?��

)�* ��13	 +� �$]�E �� �X�� 6+" 6�-3� _��%<3�  '+�"

�� Y��� 60 N@ ��13	 +� 6= _��%1@ " ���5� 8?�� )�* '+�"

� ���5� 8?�� �U? ���E�8�= � . ��-( 6+" 6�-3� _��%<3�

+� �X�� )�* �� Y��� '+�" 60  +� 6= _��%1@ " ���5� 8?��

2� ��13	 )�*TUV �� '+�" 30 ���5� 8?��2(�34 ' 

 8D F?�V) J"8.7.(  6���01( " �H "�)Ulger et 

al.,1993 ( -3X��-( 6+" �@ 8X��� 6�<X  �� 78�4 �X��

)�* ��13	�� Y��� '+�"2��� ��B +� �%<3� '���

F:�8V '�(��13	 2� ")�* �� Y��%X �@ ��� '+�" �E�

 ;8�=+�  `("g� _�� 6= �� -3X�� �5��!��D .Y��%X  _��

`("g� ��� 6�<X �@ )�* '�(��13	  ���5� 6�-3� " '+�"

2��� bh%*� �D�8X �	�� p�U	�� �� '���) J"8.3 .(

`�01(�� )�*	�� p�U	�� �� ���5� 6�-3� " '+�" 6�<X �

 ��� �@��13	 +� �	�� p�U	�� _��%<3� N@ )�* " '+�"

'���5�30 )�* ��13	 +� �	�� p�U	�� _��%1@ " 8?�� '+�"

 8?�� �U? '���5� " J"�8%�D F?�V 8) J"8.7 .( _��

6�<X ���N@ >�3$1, �� �33z	 �3�{	 ;8�(� )�* " '+�"

N%I3E �33z	 2���+�� " ���5� 6�-3��E� 2,��+ '�(.   

  

-
�:*;% N�)�	 � I��O	 K��*?  

���� �!� ���� '�(��13	 '��9%:� 2���+�� �����/  �3$@

���-(  �]E�G� )�%<� �3l '�(8�=�� " �(8X8D.  2a�8�

�E� �@ �RX= +� ���-( )�%<� '�(8�=�� " �(  6�I0�

 /8X��8X �R3%X �� '�3��	 m= " NE /��@ /��� 6�-3� 8�X��

_�� +�"� X �]E�G�<8X8. 6�1( /8D ;��D� �@��B +� �"�

�.��� �]E�G��-. '8�� 2 ��3.��� F3$G	 " 2 ;��U%E�

8D. �13: n�E� �� 2	�]E�G� 2X�]�  J�E '�(1392  ��

 J"8.8  ;8D ������E�.  _�� 24g�" �HX�3� J"8.

 �3l '�(8�=�� " ���-( �E�a� " �� �!� ���� '�(��13	

�E� )�%<�.  J"8. ��9  -3X �� �(��13	 `��-�� n�E�

;8D C	�� ���-( 8X�.  b�V ����� �� J"8. _��

� �@ �E� 2��(��13	�8�%I( '��9%:��3l 2]IX >��?.  ��

n�E� _��/  8X��� P� +� �%1@ 2��aX 8�=�� �@ 2��(��13	

 ��* +� F]: ��13	 �� �]IX �@ 8�%I( 2��(��13	 Z:�" ��

�%D�� �%1@ 8�=�� " �%<3� ���-( 8X� _�� +� " "��� >��?

��� '��9%:��3l 2]IX8X �I��5� �E�a� +� "  b�V �(

8X8D .2:�� '�(��13	 2��aX �R3%X�� ;8X�� J"8. 9  �����

;8D �E�.  
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Table 7. Mean comparison of the main effects of tillage and residue and it’s interaction effect on agronomic traits 
and grain yield components 

 

)�*'+�"  
Tillage 

 �	�� p�U	�� 
Plant height 

(cm) 

Z��� �%� �� �$]�E ��8�	 
No. of spike.m-2 

�$]�E �� �X�� ��8�	 
No. of grain.m-2 

]�E �� �X�� 6+" �$ 
Grain weight.spike-1 

(g)  

��-( 6+"  �X��  
1000-grain 
weight (g) 

)�*J"�8%� '+�"  
Conventional tillage (CT) 

74.5 a 406.8b 42.9 a 1.647 a 38.8 a 

N@)�*'+�" 
Reduced tillage (RT) 

73.2 a 540.8 a 38.9 a 1.477 a 37.9 a 

2�)�*'+�" 
No-tillage (NT) 

76.6 a 474.7ab 43.1 a 1.634 a 38.1 a 

���5�2(�34 '  
Plant residue     

 

 ���5� 6"8�)�U? (  
 Without residue (0%) (R1) 

73.225 a 493.3 a 41.9 a 1.529 a 37.1 a 

  TUV30   ���5� 8?��  
30% retention of residue (R2)  

75.675 a 450.3 a 40.9 a 1.575 a 38.3 a 

  TUV60 ���5� 8?��    
60% retention of residue (R3)  

75.525 a 478.6 a 42.1 a 1.654 a 39.3 a 

`�01(�� )�* '+�"× ���5�  
Tillage × residue     

 

CT-R1 71.2c 451.3 abc 44.2 a 1.603ab 37.9 ab 

CT-R2 76.3ab 351.7 c 40.7 a 1.576 ab 38.6 ab 

CT-R3 76.0abc 417.3 bc 43.9 a 1.763 a 40 a 

RT-R1 73.0bc 556.3 a 38.4 a 1.328b 34.8 b 

RT-R2 72.3bc 528.0 a 40.5 a 1.588 ab 39.1 ab 

RT-R3 74.3abc 538.0 a 38.0 a 1.514 ab 39.9 a 

NT-R1 75.3abc 472.3 ab 43.1 a 1.656 ab 38.8 ab 

NT-R2 78.4a 471.3 ab 41.7 a 1.561 ab 37.3 ab 

NT-R3 76.3ab 480.3 ab 44.3 a 1.684 a 38.1 ab 

_3HX�3� 2��� >"�U	 /6�%E �( �� ���<� b"�V '���� '�(  '��� _0X�� 6��+= ��X +�8X��8X.   
* CT )�*J"�8%� '+�" /RT N@)�*'+�" /NT 2�)�*'+�" /R1 ���5� 6"8� /R2  TUV30  /���5� 8?��R3  TUV60 ���5� 8?�� .  

Means followed by similar letters in each column have not significant differences by Duncan’s test. 
* CT, conventional tillage;  RT, reduced tillage; NT, no-tillage; R1, without residue; R2, 30% retention of residue; 

R3, 60% retention of residue.  
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Table 8. Foundations of computing economic evaluation based on the price of 2013 (10 Rials) 
7�4�$3@ �( �13:* 

Price of one kg* 
;��%E 

Income 

��%0( �� ���-( 

Cost per hectare 
;��aX 
Input 

760 
 �X�� 78�4  

(Wheat) 
26000  PI��                                       Disc 

210 
 ;�@  

(Straw) 
65000 N&D                                      Tillage 

 
  25000 Q3!I	                                Leveling 

 
  14000 "���                                 Furrowing  

 
  40000 >hl ��@���                   Cereal planter 

 
  72000 N35%I� ��@���          No-tillage planter 

 
  30 

Z1.;�@ F1V " '�"= )�$3@ �(( 
Collection and transportation of straw 

 
  30 

J�9G� F1V 2$?� )�( �$3@( 
Transportation of main product 

*
  n�E� �� ;���3	1392 = ��+��+��   .                                                                         * Based on July 2013 in the open market.  

 
 
 

 J"8. ��11 ���-( ;�+�� c�X  �� ;8D 7�RX� '�(

2:�� '��9%:� '�(��13	 �	�� ��13	 �	 8D �]E�G� /;8X��

��D m�&%X� .n�E� _�� ��/  ��X �!5X +� ^5� '��9%:�

)�* ��13	 '��9%:� ��13	 _��	��  ���5� b�V �� Y��� '+�"

)CTR1 (��� .N@ ��13	)�* TUV �� '+�"30  ���5� 8?��

)RTR2 ( -3X2� '�(��13	 " 7"� �]	� �� )�* " '+�"

N@ )�* TUV �� '+�"60  ���5� 8?��)�� C3	�	NTR3  "

RTR3 (�]	� �� � " 8�%��4 ���: 7��av " 7�E '�( �

)�* '�(��13	 �H�� �� �I��5����5� " '+�"2(�34 '  �@

 �R��� ������� ;8<X ;�+�� c�X " �	d�� [ �* 8�=�� +� /8X�

 8X��� �����*�� '�%<3�)J"8. 10 .(�!��� _31( ��/ 

'�� 6���01( " F%��)Pimentel et al.,1995 ( �� -3X

�"� �� �!� 2%e�UV '+�"�<@ #$%&� '�()N@ )�* -

'+�" 2� " )�*)�* �� �I��5� �� '+�"+�" �� J"�8%� '

���5� TUV ( ���-4��@ 8X� �@ '+�"�<@ '�(��13	

2%e�UV/ 2��� `(�@ �� ;"h, �� /)�* `��E�� ���

 " �	d�� 2]IX ��-� +� '+�"�<@ J"�8%� N%I3E �� �I��5�

8X��� �����*�� '�%<3� 8�=��.  
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 J"8.9-  �� �!� ���� '�(��13	 24g�" )�%<� �3l '�(8�=�� " ���-( �E�a� " 

Table 9. Details of common expenses and other revenues in the studied treatmnts   

8�=��  

)J��� ��-(( 
Revenue 

(1000 Rials) 

���-( �()J��� ��-((   

Costs (1000 Rials) 

�D�@ >�3$1, ��8�	 

No. of planting operation 

 ��0$1,;�@ 
Straw 

(kg.ha-1) 

�X�� ��0$1, 
Grain 
yield 

(kg.ha-1) 

 ��0$1,�I�+;��	 
Biological 

yield (kg.ha-1) 
��13	* 

Treatment* 

Z1. 
Total 
  

 Z1. F1V " '�"=

;�@ 
 Collection and 
transportation 

of straw 

�X�� F1V  
Grain 

transportation 

�D�@ 
Planting 

N35%I� ��@��� 
No-tillage 

planter 
��@��� 

Planter 
"��� 

Furrow 
Q3!I	 

Leveling 
N&D 

Tillage 
PI�� 
Disc 

58521 5888 2595 1593 1700 0 1 1 1 1 1 8650 5310 13960 CTR1 

47790 4773 1640 1433 1700 0 1 1 1 1 1 5469 4777 12590 CTR2 

49106 4328 953 1674 1700 0 1 1 1 1 1 3179 5583 13530 CTR3 

50571 4235 1988 1446 800 0 1 1 0 0 1 6627 4823 11450 RTR1 

51334 4116 1782 1533 800 0 1 1 0 0 1 5941 5113 13600 RTR2 

44938 3215 885 1529 800 0 1 1 0 0 1 2953 5097 12480 RTR3 

48155 4176 2148 1307 720 1 0 0 0 0 0 7163 4357 11520 NTR1 

50604 4138 1963 1455 720 1 0 0 0 0 0 6545 4850 14200 NTR2 

46243 3403 1185 1497 720 1 0 0 0 0 0 3951 4993 14870 NTR3 

* >��], �(��13	+� 8X� :CTR1 )�*J"�8%� '+�" )�* Q!E �� 2(�34 '���5� ��." 6"8� /CTR2 )�*'+�"  Q!E �� J"�8%�30 ���5� 8?�� /CTR3 )�*'+�"  Q!E �� J"�8%�60 ���5� 8?�� /RTR1 N@)�* Q!E �� '+�"

���5� 6"8� /RTR2 N@)�* Q!E �� '+�"30  /���5� 8?��RTR3 N@)�* Q!E �� '+�"60 ���5� 8?�� /NTR1 2�)�*���5� 6"8� Q!E �� '+�" /NTR2 2�)�* Q!E �� '+�"30  /���5� 8?��NTR3 2�)�* Q!E �� '+�"

60 ���5� 8?�� .  
* The treatments are: CTR1, conventional tillage without residue; CTR2, conventional tillage with 30% residue; CTR3, conventional tillage with 60% residue; RTR1, reduced 
tillage without residue; RTR2, reduced tillage with 30% residue; RTR3, reduced tillage with 60% residue; NTR1, no-tillage without residue; NTR2, no-tillage with 30% 
residue; NTR3, no-tillage with 60% residue.  
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 J"8.10-  �� �!� ���� '�(��13	 2��aX 8�=��  
Table 10. Final revenue of the studied treatments  

2��aX 8�=��  
Final revenue 

(10 Rials) 

���-( Z1.�(  
Total costs 
(10 Rials) 

8�=��  
Revenue 
(10 Rials) 

 �X�� ��0$1,  
Grain yield 
 (kg.ha-1) 

 ��0$1,;��	 �I�+   
Biological yield 

 (kg.ha-1) 

��13	* 
Treatment*  

 321506 4493892 5097 12480 RTR3 

6.9 340314 4624348 4993 14870 NTR3 

7.1 411617 5133469 5113 13600 RTR2 

-32.7 413850 5060450 4850 14200 NTR2 

-65.3 417600 4815550 4357 11520 NTR1 

40. 9 423500 5057150 4823 11450 RTR1 

-15.7 432854 4910628 5583 13530 CTR3 

-3 477383 4779031 4777 12590 CTR2 

9.6 588800 5852100 5310 13960 CTR1 
* >��], �(��13	+� 8X� :CTR1 )�*J"�8%� '+�"  /)�* Q!E �� 2(�34 '���5� ��." 6"8�CTR2 )�*'+�"  Q!E �� J"�8%�30  /���5� 8?��

CTR3 )�*'+�"  Q!E �� J"�8%�60  /���5� 8?��RTR1 N@)�*���5� 6"8� Q!E �� '+�" /RTR2 N@)�* Q!E �� '+�"30  /���5� 8?��

RTR3 N@)�* Q!E �� '+�"60  /���5� 8?��NTR1 2�)�*E �� '+�"���5� 6"8� Q! /NTR2 2�)�* Q!E �� '+�"30  /���5� 8?��NTR3 

2�)�* Q!E �� '+�"60 ���5� 8?�� .  
* The treatments are: CTR1, conventional tillage without residue; CTR2, conventional tillage with 30% residue; 
CTR3, conventional tillage with 60% residue; RTR1, reduced tillage without residue; RTR2, reduced tillage with 
30% residue; RTR3, reduced tillage with 60% residue; NTR1, no-tillage without residue; NTR2, no-tillage with 
30% residue; NTR3, no-tillage with 60% residue. 

 

 J"8.11-  ���� '�(��13	 2]IX ;�+�� c�X �� �!�)10 J���( 
Table 11. Relative efficiency of the studied treatments (10 Rials) 

;�+�� c�X 

Efficiency 
rate 

[ �* 8�=��  
Net revenue 

2��aX 8�=��  
Final 

revenue 

���-( Z1.�(  
Total costs 

8�=��  
Revenue 

 �X�� ��0$1,  
Grain yield 

(kg.ha-1) 

 ��0$1,�I�+;��	   
Biological yield 

(kg.ha-1) 

��13	*
 

Treatment*
 

- 4172386 - 321506 4493892 5097 12480 RTR3 

593 4284034 6.9 340314 4624348 4993 14870 NTR3 

614 4721852 7.1 411617 5133469 5113 13600 RTR2 

305 5263300 4.1 588800 5852100 5310 13960 CTR1 
* >��], �(��13	+� 8X� :CTR1 )�*J"�8%� '+�"  /)�* Q!E �� 2(�34 '���5� ��." 6"8�RTR2 N@)�* Q!E �� '+�"30  /���5� 8?��RTR3 

N@)�* Q!E �� '+�"60  /���5� 8?��NTR3 2�)�* Q!E �� '+�"60 ���5� 8?�� .  
* The treatments are: CTR1, conventional tillage without residue; RTR2, reduced tillage with 30% residue; 
RTR3, reduced tillage with 60% residue; NTR3, no-tillage with 60% residue. 



)�* �����0$1, �� 2(�34 '���5� " '+�" " ��0$1, '�-.� 78�4                          >hl >�535G	 / ;�"�N<D / ;��1D7�E / -3���1395 

 

IO�*? 4)< -#�5  

 p�1R� �� Y��%X r35G	 _�� ��� 6�<X �@ '�(��13	

)�* ���5� 6�-3� " '+�" ��� '���=2������'  ��0$1, ��

�I�+;��	��]X �D���� [*�D " �X�� /_�� �� /V J�

� ��0$1, _��%<3�I�+;��	 2� ��13	 +�)�* " '+�"

N@ +� 6= _��%1@)�*� '+�"�8�= �E� . �I��5� Y��%X

_3HX�3� �(��13	 ��� 6�<X �@  �U? +� ���5� 6�-3� `��-�� ��

 ��60  ��0$1, 8?���I�+;��	 � �X�� "� 2]IX ��B

6= ����5� _��%<3� " 8�%��� `��-��TUV ��13	 +� �( 60 

8D F?�V ���5� 8?�� . ��0$1, _��%<3��I�+;��	  +�

2� ��13	)�*TUV �� '+�" 60  6= _��%1@ " ���5� 8?��

2� +�)�*8D F?�V ���5� 8?�� �U? Q!E �� '+�" . +�

�H�� b�B/ )�* ��13	 +� �X�� ��0$1, _��%<3� '+�"

 Q!E �� J"�8%�60  ��13	 +� 6= _��%1@ " ���5� 8?��

2�)�*�"� ���5� 8?�� �U? Q!E �� '+�8�= �E� .

 �D���� [*�D _��%<3� -3XN@ ��13	 +�)�* �� '+�"

 �� ���5� 8?�� �U? Q!E7/43 8D F?�V 8?�� . �!5X +�

'��9%:� ��X/ )�* ��13	 '��9%:� ��13	 _��	��  '+�"

 �� J"� �]	� " ��� ���5� b�V �� Y��� �(��13	 �1( _3� ��

��� x�9%*� ��* ��. /6= +� f� N@ ��13	 )�* �� '+�"

 TUV30  " 7"� �]	� �� ���5� 8?��f~E 2�)�* " '+�"

N@ )�* TUV �� '+�"60 �]	� �� -3X ���5� 8?��  7�E '�(

 '�(��13	 �H�� �� �I��5� �� " 8�%��4 ���: 7��av "

)�*���5� " '+�"2(�34 '  c�X " �	d�� [ �* 8�=�� +�

�����*�� '�%<3� ;�+�� 8X���.  
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Abstract 
To investigatr the effect of different tillage methods and crop residues on yield, yield components 

and economic efficiency of wheat, an experiment was carried out as split-plot layout based on 
randomized complete block design with three replications at  research station of Gonabad during 
2012-13 growing season. Three tillage methods including conventional tillage (CT), reduced tillage 
(RT) and no tillage (NT) were allocated to main plots and three crop residues containing without 
residue (R0), 30% (R1) and 60% (R2) of residues retention were assigned in sub plots. Results showed 
that different tillage methods and rate of residue management had not significantly effects on dry 
matter accumulation in different developmental stages, biological yield, grain yield and harvest index. 
Tillage methods had only significantly effect on number of spike per m2. The highest level of 
biological yield was obtained from RT treatment. With increasing crop residues from zero to 60%, 
biological and grain yield were increased, so that the highest amount of biological yield was obtained 
from retention of 60% residues. The highest level of grain yield was related to CT + R2 treatment. 
However, CT + R1 and RT + R2 treatments were the best treatments in view point of economic and 
had the highest rate of net income and rate of return.  
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