
  

 �������� 	
�
�
 �����  	����  

 ������ , ����	� 
���
 )������
( 

 *����� ����	�
 :���� 

���� �	��� ����:�������!����  E-mail: rezvani@ferdowsi.um.ac.ir 

 

  
   يبر عملكرد و خصوصيات مورفولوژيك ياثر فواصل آبيار

  اي ارزن، سورگوم و ذرت علوفه
  

 *2مقدم يپرويز رضوانو  1جعفر نباتي
� �� ������	
 ��
	
 	���� � �����
 ������	
 ��	�� ������	� ����  

)�����	 ����� :��/!/"# $ �����%� ��& :�'/�/"((  

  

  چكيده

  

 �� ����� ��	
�� 
��	��
�� ��	
� ���� ��� ���� � ��� ���!�  ��"�� #�$�� %�� &�

�� %�	�� �'	(� ��)��* ���!� +,� �� 
-�� �� �,./� �� ���� 01� &� 2  
���� . #$� �4�#� �	5!� ��

�*6,� #� &����7 89�	'  ���� �:,;	�	'�	� &�))americanum L. Pennisetum(2	*�	4 >  

(Sorghum bicolor L.)  ��? �)L.  Zea mays (�'	(�  ��,���7 &��#@ A#� �� ���BC4� ��  �#� &�)

D	(� A#� E��F �� �
-  ����� G�4 �� �'��
� 8��@ &�)HIJH KHIJL ���"� �� ���1�1��  �
M����

 �M,�	N� 
- 2�O�� 
��� �4��#' ��P���� &�����@ ���#@ &�) �(9� &����7 89�	' )Q, �CB) )HI( 

�CB)�� R )SI( �4 R CB)� )II( �CB)���T R )UI( (��	* � ����� V(CW� &�) �'	(� &�  XN4 �4 ��

)��? )C(���� > )M( 2	*�	4 � )S( (�#@ �� 
!C'#* ��#F ��#M� ���T �� ��#' &�) . ��	� ��B9

 >��	� �� �O!Y ��
Z� >�#* ��
Z� >�F�4 #NF > ��	� [�B��� >��� �'	(� �#:(�� �� 
��	� ���\� �Z��N�

#� �#:(��8* �#:(�� >]#� ^_` �#:(�� >�F�4 �#:(�� >] �F�4 �� ]#� %\a� � +,?7 . �(9�b c,�C�
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  مقدمه 

� �"#�� $��% $�& �'( )*+(� �"�, -"�.

/��0 )1��2 34�56� & �0-0� 7/8  �9.��1 7/;/"<  $�

��=1 >�
  �	�?=8� ��& � �
��@ ��@ 9	AB� �@ $�

)� C��6� /"
@ )1��2 7/;/"< �
�D . 2� 72�� � ��<��0

9.��1 7/;/"< �	�?=8� )� F+( GH/�� �@ $�  ��D/%

 -�I% � �
��@ )J+( >�� 9% )	4/% )K�
 -��/�� 9L

)� C, M�5� )	��/L 7@�% 4/% � $�/<2/0 �"=; ���
 ��

���L �"#�� )+N% -	/�� @�J�=1 O	��D �	� �@ 

)Mirlohi et al., 2000; Nakhoda et al., 2000 .(3�R 

9.��1 �$ 9.��1 7/;/"< 2� )J	 �"
 �$  7��� /% 9�%�L �/8S

 �"�/� �@ )=8� >�
  9L -0� 4/% F+( �@/� �"#��

/;2/"
$ ��@ )	�AT �/"�% �@ /;$ @��@ 7/8& U/�
 2� 

)Tolera et al., 1998 .(�@ 9.��1 )�"L� )=L @�J�=1 
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/;��?L/. /% V�?N� O	��D$ 1��2)  �'W X9��% Y/���� Z[�

 3/�\ � 9]�� @��I� � 9W/0 9% ^�% -K�
 X9W/0

�#�.���_ �\/�1 X`'0 �a�� �@ 9��% bL��� ��
/� )J	

� )	�AT  C,)Buxton, 1996 ( )c?�% );��< 7/�2 �

 @��@)Pendletion et al., 1981 .(�@ @�J�=1 $��&� 

9.��1 7/;/"< � ^�% MdT X9W/0 X^�% $� Z<  �	R,

)� ��D/% )Cummins, 1981 .(��&� �"%$  �@ @�J�=1

9.��1 7/;/"< �$���@ ^�% X$ 	4/% )	�AT e2��)  � -0�

�?=L )	�AT e2�� 2� 9W/0$  /% �	��%/�% -0� ��@��(�%

��.� 9.��1 -"�"L 9W/0 9% ^�% -K�
 >	��.� >	

�) �%/	 )Buxton, 1996 .(C, >��  �	�?=8� 2�

 9.��1 -"�"L� @�J�=1 �% ��A< �"f/� )'"6� $/;��?L/.

)� �D/%Berenguer & Faci, 2001; Holt & Timmons 

1968 ; Kang et al., 2000). g	/?
 �"��6� ��/�?�)  2�

J+( �f�) 9.��1 7/;/"< -"�"L �% �$  X�
@�L e���<

Masuda  (1977) �< e2�� )J+( 9L @�L e��

9	AB� )� >;/L �� 9.��1 $�  /�� �;@Wilson )1981 ( /%

 9L -D�@ �/8h� 9.��1 -"�"L $�� C, >�� �f� 9I#/'�

���@ �� )=L�"f/� )J+( >�� �/��L $/;$  -"�"L

� 3/I#/'� g	/?
 � @��@ 9.��1$  ^�% �"#�� 9L @�@ 7/+


���@ �@ 9]�� � /;$ J+( >�� �/��L)  >	��.��) �%/	 .

Wilson (1981, 1983)  �Wilson & Ng )1975 ( 7/"%

�"<��& G	�H 2� C, >�� 9L �
@�L$  9W/0 9I0�� 2�

i��< �@ F+( �@/� bj; -"�%/W �?.� 4/% k1/%  $/;

)� V�?N� @�D . >	��.� @�K=L O	��D�@ 9.��1 -"�"L

O0�� C,et al.  Van Soest )1978 ( �"
 ��D e���<

-0� .Berenguer & Faci )2001 ( 9L �
@�L e���<

 >;/L �� ��<��0 �@ F+( �@/� �"#�� C, >��

)� �;@.  C, @�K=L O	��D -6� ��<��0 �@ 9]�� �"#��

� >	��.�) �%/	 )� 9L bL��� �@ �
��� -.� �"	/� $/;

��L 7��K& �� @�J�=1. Kang et al.  )2000 (e���< 

>�� �"f/� -6� 3�R �@ F+( �@/� @�J�=1 �
@�L  C,

)� ���W  >;/L �?�0�?. ����� C, >�� �f� �@ 9L @�"<

�) �%/	 . /8
, �"�l=;  �LR �
@�L  9L   Y/���� 3�R  �@  

-./	 >;/L C, >�� O	��D .Bittman et al. )1981 (/% 

^�% 7�D �"� $�� )J+( �f� )0��% � /;  -"�"L  

i����% �@ 9.��1 (Bromus inermis Leyss)X 

(Agropyron cristatum L.)X i�="#  

(Leymus angustatus) ^�% 9L �
@�L e���<  �@ /;

9]�� /% 9�	/��  )J+( 9% -K�
 $�?+"% -"0/�a /;

�
��@ .Wilson )1983 ( b8� 3��f� 2� 9L @�L e���<

i��< $�� C, >��  7�D Z	�H �@ �"(/� /; �@ 9W/0

9
�< 2� $�/"�% )� /; �D/%. Bittman et al. )1981( 


@�m e���< � ^�% �\�@ C, >�� 9m �9.��1 -"�"L 

)� >	��.� �� �"�l=; �;@ �
@�L 9./�� /8
,  �"% 9m

 )c?�K=; n+( �@/� @�*�=1 � ^�% �\�@ )���

@��@ @�&�  �\�@ o�T� 4/% )?%�H� >�� O	��D �@ �

>	��.� ^�%)� >;/L F+( �@/� @�J�=1 � X �%/	 .

Jekendra )1999 (R �@ 9W/0 �'W 9L @�L e���< � 3�

9.��1 ��<��0  �/"< �0 /% )'( )��� )c?�K=; $�

 p/K�
�� -%�H� >;/L Z"#@ 9% 9W/0 �'W � @��@

 �%/	 )� >;/L )<�"0� 9�a�� 2� �I% );/"< $/8?./%

 �?+"% ��<��0 /% 9�	/�� �@ 3�R 9W/0 �'W >;/L 9L

)� )�/J6?0� 3��W -%�H� �?.� -0@ 2� /% � �D/%

)� >	��.� 9W/0 �%/	 . �'W �� 72� /% )J	@�
 9'%�� 9W/0

���
� � )	��; $/; @��@ ��<��0 9��% Y/����(Clough & 

Hunter, 2003).  �% �f�� $/;�?���/� 2� )J	 9��% Y/����

)� @�J�=1 )� >	��.� @�J�=1 Y/���� >	��.� /% �D/%  �%/	

�  V�?N� �/W�� �"% 9��% Y/���� �"B?� �/"�% ��<��0

)� �D/% (Sonon et al., 1990).  

J+( >�� �f� q�. 3/1dH� 9% 9&�� /%)  �%

�	<_) /;$ � )J	r�#�.��� �"L)  3�R � ��<��0 X72��

9.��1 �$ � 3�/�?�)  9J�	� 9% 9&�� /% �"�l=; � �D/%

J+() D/
 >�� �) J	 7, 2�) g	�� � �	�?=8� 2�  �	��

>�� /;$ '"6�) 2��/+L 3��"#�� 9L -0�$  /% ��

9%�� -	@��6� /0 �� >�� �f� ��s�� �"=; 9% -0� 9?(

J+() � �%	<_) /;$ 1��2) J	r�#�.��� �)  X72��

9.��1 3�R � ��<��0 �$ 0��% @��� �8+� O	��D �@) 

-.�< ���W .  

  

  هامواد و روش 

 )1��2 �/0 �@ >	/�2, �	�����!tuv� 91��� �@ 

�/�"�6�)  �8+� )0�@�. �/c+
�@ $2��/+m ��*+
�@

 �@ wW��tx $�?���"m  �8+� �8D )W�D C��&) /%

 )	/".��B& p�1uy  � 9&�@tz  ��H � )#/=D 9�"W@

 )	/".��B&z{  � 9&�@|v  Y/���� � )W�D 9�"W@{vz 



  ��!� �"
�#� � �$�%": �&�'�(�)��� *��+�,- � ��.��	 �/ 0���/1 2+
�) �3
 ...  ��� 

 /	�@ `'0 2� $�?� ( ��,�@ ��&� 9% . )<�
�/% O0�?�

 9�'��|vy  G�'� $/�@ ZW��a � �[m��a � �?="�"�

 o"��� 9% 9
4/0C °}|  �C °v/|� –)� �D/% . � C,

 �""I� n+( � @�0 �r�K�, e�� i/0� �% 9�'�� $��;

-0� ��D )Aghajani Mazandarani, 2000( . �	�

3�m ��H 2� �@/�?0� /% >	/�2,  o#/W �@ ��D @�( $/;

���% ��H �D �/]
� ���*� �/8S /% ).@/5� Z�/m $/;X  9%

�6
$ �@ 9L3�m /;$ )�\� .�/"%, Z\��$ )9?�; n	 

)�I( 9?�; �@ � )�I( 9?�; 90 � )�I( 9?�; �/8S � )�I( (

9
�< � )1��2 V�?N� $/; 9.��1 �$  `'0 90 �@)3�R 

)C(72�� X )M( ��<��0 � )S( (3�m �@  ���W )1�. $/;

��?.�< .3�R  (Zea  mays L.) Z*�"0 bW� �@/�?0� @���

 i��m�x}  >	�� ���@ ��H /%tuz �t|z � �	� 9m 2�

 ���s�� �@ �	�K";)9
�@ 9.��1 � $� $� ()�  �@ � �D/%

 9% )
/?�;�m @�0 GH/�� �/�[?0� 9% ��+m GH/�� 9"�m

)� 9"\�� Z%/W ��/8% -+m 7���1 �D/%. 72�� 

)americanum Pennisetum(  bW� �@/�?0� @���

 �"�	���
 ���<��0 9.��1�$ �".�"�0� bW� �@/�?0� @��� 

(Sorghum bicolor) bW� �@ �; 9m @�% 9.��1  $���?�;. 

 )1�. 3�m �; ��Hv  7, p�1 � �?�u  9�\/. � �?�

3�m  )1�. $/;�z/x V	@� �"% 9�\/. � �?�  /;zx/x 

 �"% 9�\/. ���% n	 �@ �"�l=; �D 9?.�< �s
 �@ �?�

3�m )�\� $/;z/t  ���% �@ �"% 9�\/. � �?�u  �@ �?�

3�m -%�H� /� �D 9?.�< �s
  b; $�� $�f� ��/]� $/;

��D/% 9?D��
 .�2"��&� Z6� �$  ZKW �/0 �@ ��H

, -6�	@�% > . �	�/� -D/Lt{  �/0 �/� -+8K	@��

tuvt@�%. -D/L 2� ZKW ��� L" 3/��. �/?J; �@ ��<��

��"
��, �D 9./�� �"�2 9%. 90 �@ 7�D �K0 2� �I% �

 -%�
 �; �@ � -%�
 �� L" �/?J; �@ ��<������ @�L )}y 

7r��?"
 �\�@( �D �@�@ �"�2 9% ��0 3��5%  bm��� �

|x  �s
 �@ ��<��0 � 72�� X3�R $��% w%���?� �@ 9��%

�D 9?.�< /% ���=; �D �/]
� -D/L 2� �I% �/� F	 9L

V�1 �"&� 3/"�=1 7@�L F�� /;$  �/]
� �"
 2�;

-.�< . ��0 3��5% ���� @�m �"#�� bm��� �""I� 2� �I%

 �/=� � �D �@�@ 9% �	�/� �	� 2� � �
�D $�/"%, /;�/="�

 � 9?�;�@ � 9?�; n	 Z\��. 9% $�/"%, $/;�/="� �I%

9]�� Y��D �
�D �/=1� 9?�;�/8S � 9?�; 90 �@ )
2

 o"��� 9% ��<��0 � 72���� ��� -D/L 2� �I% 2�� 

 ��m /% �2�/K� -8& �D� Z5. )H �@ -.�< 3��\

 3�R ���( 9W/0)Sesamia cretica ( 90 )D/� b0 �/%

 �@ o"��� 9%��  ���  ���� -D/L 2� �� 2��  b0 /%

 ����� 9% 7��	2/	@z/t  -.�< �/]
� �/?*; �@ �?"#. -8&

 72�� -D�@�%9.��1 �$ 9]�� �"#�� Z"#@ 9%  �	� @/	2 $/;

� �/"<  9% 7�"0� ��1zx )��
/m Y/���� );��< �\�@ 

|/t -.�< ���W �s
�� -D�@�% $��% �?� (Huda, 1988) 

 ��<��0 -D�@�% $��% �zx %);��<  �@ 3�R -D�@�% �

$�"D 9�a��! $�"=( (Snyman & Joubert, 1996) 

-.�< �/]
�.  ��'% 3�m �; 2� -D�@�% 2� ZKW 2�� n	

 ).@/5�z Y/���� �"s
 )�/�\ � C/N?
� 9��% 9��% X

@��I� � 9]�� @��I� X9W/0�'W �D -Kf ��<  3�L�;�@

� �?� b"
 MAa 2� ��/8?
� 2� �?� b"
 � ��?%� 2$  � 3�L

�/�L V	@� �@$)W/% 7/;/"< X ��
/�Y/���� 2� tx 

?
/0"�?= �D �	2�� � -D�@�% .0 @��I� ��z  2� 9��%

 G	�H�2��
� -8& )I%� $��@�% 9
�=
  �@/� �\�@ $�"<

 � n+(z  @�*�=1 $��&� �\�@ �""I� -8& 9��%

�
�D C/N?
�. 
= �@ ��� 9
�7��@ � 7�, @9&�  $/�@

C °vz  3�� 9%�|  -1/0�D �@�@ ���W �  Md?(� 2�

�D 9K0/6� n+( �@/� �\�@ 9	�
/f � 9"#�� -%�H�.  

Z< � ^�% MdT X9W/0 X^�% n"*�� 9% ��@ 9
�=
 �	R, 

 � ��D ��&7��@  n	 �; �\�@ ��0 �D �@�@ ���W 7�,

 ��&� 2�9K0/6� �D .�/�, 3/K0/6� -8&$  �	� �@

0��%) ��
 2� /;���.�$   ��
/�M stat cX Sigmstat 2.0X 

Excel5.0 XJmp 4.0 � Quatro pro 5.0 �D �@/�?0� 

�"c
/"� 9�	/��  � �D �/]
� �J
�@ 7��2, e�� 9% /;

% �/=?a� `'0 9� 9	�]� 9"�L �@ 9?.� �/L Z"�6� /;

 �/=?a� `'0� %@�%.  
  

  نتايج و بحث

�� 9	�]� 2� Z\/a g	/?
 7/+
 ��� -D�@�% �
/	�

 V�?N� Z\��. �/="� �@ 9I#/'� @��� 3/�\ 9"�L 9L @�@

�/"%,$ )I (/�[?0� 9%$ 9]�� @��I� 9% ^�% -K�
 � /;

�I� Md?(� 9W/0) ��@$ 7/;/"< �"% X��?D�@ )P(  @���

0��% @��� 3/�\ 9"�L �s
 2� -D�@�% �	� �@ 9I#/'�) 

�I� Md?(�)-D�@ @�&� ��@ )���&� (; �f� �"�l=

�/"%, V�?N� Z\��.�/="� �"% Z%/�?�$  @��� 7/;/"< �

 9I#/'�)I×P(  X9W/0 �'W XF+( �@/� @�J�=1 �s
 2� �"
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�� 
����� ���	  

��
 ������ ����� �� ����� 

 @�J�=1 � ^�% MdT @�J�=1 X9W/0 @�J�=1 X��< @��I�

�I� Md?(� ��� -D�@�% �@ �	R, Z<) ��@$  @�&�

-D�@ )���&�.(  

, Z\��. 9L @�@ 7/+
 g	/?
 ��@ -D�@�% �@�/"%$ 

)I (�I� �"f/�) ��@$  7/;/"< �"% � -D�@ 3/�\ 9"�L �%

 9I#/'� @���)P(  � ^�% @�J�=1 X9]�� @��I� �s
 2�

�I� Md?(� ��@ -D�@�% �@ ^�% MdT @�J�=1)  ��@

#� -D�@ @�&�) �I� Md?(� 3/�\ �	/0 �s
 2�) ��@$ 

/;�/="� �"% -D�@�% �	� �@ �"�l=; X-D��
 @�&�$ 

�/"%, ��@$  @�J�=1 � ^�% @�J�=1 �s
 2� �/"< Y�
 �

Z< �I� Md?(� �	R,) ��@$ �D ��	@ )���&�.(  �"%

9.��1 ��<��0� 72�� �$ �/"%, ��@ �@ ��0 -D�@�% �@$ 

9?�; F	 )�I ( 9]�� @��I� � 9W/0 �'W �s
 2� /8��

�I� Md?(�) @�% ��@ )���&�.(  

/; ���& �@ 9L ��'
/=;$ � � �  @�D )� ��;/+�

 /%�/"%, Z\��. >	��.�$  -D�@�% �@ F+( �@/� @�J�=1

�/"%,��@ 9J	��'% -./	 >;/L ��@ � ���$ 9?�; F	 

)�I (�/"%, ��@ � �	��4/%$ 9?�; �/8S )�I ( 2�  

 ��@��(�% F+( �@/� @�J�=1 �	�?=L  @�%  �	� Y����  

7/+
 ���;@  �f� ��0  %, bL)   �%  @�J�=1  �@/� F+(  

�) ./	 /% 9L �D/%9? /;$ Bittman et al. )1981( X

Berenguer & Faci )2001( XNakhoda et al. )2000 (� 

Vough & Marten )1971 (@��@ -�%/'�.  

9.��1 3�R �$ 9.��1 ��<��0 � 72�� /% 9�	/���@ �$ 

��4/% F+( �@/� @�J�=1 2�$ @�% ��@��(�% . 4/% Z"#@

)� �� 3�R n+( 9.��1 @�*�=1 ����� 7@�%  7��� 9%

-./% �?D�@)K+( $/;  ��/% 9�	/�� �@ ��<��0 � 72�� 

9.��1 �$ @�@ -K�
.  

 ���& i/0� �%� �/"%, Z\��. >	��.� /%$  Y/����

-./	 >;/L 9��% .Pendletion et al. )1994( �  

Sonon et al. )1990( � Wilson )1981 ( �� 9��% Y/����

2� )*	 � 3/�\��@�*�=1 �% �f�� )*	r�#�. L� )=L )�"

�
@�L 7���1.  ��<��0 � 72�� �"% ��0 -D�@�% �@

9.��1 �$  ).d?(� 9��% Y/���� �@ -D��
 @�&� �s
 9%

�) �0� ;/��L) /��0 /% @��(�% � @�]� �D� ���@$ 

/8?
�$ ��% �24 -\�. 7/;/"< Z5.$  9W/0 7�D Z	�H

��?D��
 . ��<��0 Y/���� ��� -D�@�% �@ 9J�	� 9% 9&�� /%

 9�	/�� �@9.��1 3�R � 72�� /% �$  �s
 9% @�% �?+"%

�)  �?=L �c	@ 7/;/"< /% 9�	/�� �@ -�\ �	� 9L �0�

-0� 9?.�< ���W C, >�� �"f/� -6�.  

  

 6��7�8  9"���
� ��;�$)*�=/�� >�?"��� (�
��
 �� 0���/1 A�BC� 2+
�) �� �=(�D� ���� *�E+ �)��	 *�F � �����G 0
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I† 7 89/8;9 ** <=/8>=<8 ** <</87 ** 8</8? * 7</9 ns <8@/; ** ?9/7@ ** 9=/? ** =</7 * <8=ns 

���= =8/87  9@/=<8  ;@/8>>/<>9/<;9/9  >?/7  <=/9=>/9  ?8/<;>  

P‡ < @9/7@ ** =?/887?@ ** =?/A< ** =?/@= **@@/?@; ** <8/; **<>/79 ** >=/8 **<?/? **
 <8/8<=9 ** 

P¶*I @ <=/7= **
 ;7/<999 ns @;/? *>@/= **;8/9 ns8?/8 ns98/; *

 ;A/8 **@@/? **
 ;;/<99 ns 

���<? ?7/?  7?/=78  ;@/8A?/88<?/<@A/9  >9/8  <7/9@=/9  ==/<<8  

C5� 06����

I 7 9=/<> **
 79/8?<>A **;7/8= **9@/A? **<;/?; *<7/7 **9;/; **

 ==/9 **9?/9 * @8/<;> * 

���= 78/8  >?/>??  97/8;=/@?7/><;/9  7@/9  9>/999>/9  78/7>  

P 8 ?8/9 ns
 78/8=78 ns 8;8/9 ns A?/@ ns=9/8<9 *97/8 ** ?A/9 ns 87/9 *998/9 ns >?/8 ns 

P*I 7 <=/9 ns
 <@/@>= ns >;/7 ns;@/8 ns >8/7@ ns@</9 ** 8A/8 ns 9;/9 ns9=/9 **

 77/<A ns 

���8< =@/9  A;/89?@  <A/8<7/<;9/8?9A/9  7>/9  9</998/9  ==/79  

C�! 06����

P 8 99</9 ns @?/A9 ns 8</89 **7A/7 ns 8</>A *99;/9 ns99</9 ns 9ns 9ns @</8 ns 

���@ 98A/9  87/87>  >?/98/<8</8799=/9998/9  99</99 >9/@7  

* ��� �� ��� ��	
��/�  
**  ��� �� ��� ��	
��/�  
ns  ��� ����/� ��	
 ���� ���.  

I†   
������ ��� �����‡P ����� ��!��" ��)#�$ � %�"��� 
�&��(
 ¶I*P ����� ��!��" � ������ ��� '��+,
 -0� ��.  
  

  

  



  ��!� �"
�#� � �$�%": �&�'�(�)��� *��+�,- � ��.��	 �/ 0���/1 2+
�) �3
 ...  ��� 

  

� ��� -D�@�% �@ 9W/0 �'W �	�?+"% �"%  �	�?+"%

�@ @�&� Md?(� ��@ -D�@�% �@ 9W/0 �'W-D  9*	��'%

9% U�%�� �'W �	�?+"% ��� -D�@�% �@ �/"%, ��@$  �@

�/% F	 9?�; )�I ( /%|�/tu )�"� ��@  -D�@�% �@ � �?�

9% U�%�� �'W �	�?+"% �/"%, ��@$ �/% F	 9?�; F	 

)�I ( �@/I� $�'W /%v�/{ )�"� �?�@�% . g	/?
% U�%�� 9

)� 7/+
 ��� -D�@�% �@ 9W/0 �'W  9W/0 �'W 9m �;@

��<��0 � 72�� 9% -K�
 3�R 9.��1 �$  �?+"%�%@ .

Jekendra (1999)  3�R 9W/0 �'W 9m @�m e���<

)� �?+"% )<�"0� 9�a�� 2� �I% ��<��0 9% -K�
 �D/%. 

�f� �/"%, Z\��. Z%/�?�$ 9.��1 7/;/"< � �$ )I*P ( �%

9W/0 �'W -D�@�% �@ ���  /% 9m @�@ 7/+
 ��@ >	��.�

�/"%,$  3��""B� 9W/0 �'W 9I#/'� @��� $� 9.��1 7/;/"<

)=
 -"IK� )5N+� �
�� n	 2����m )���&�( . �s
 9%

�)  -6� V�?N� 7/;/"< �@ 9W/0 �'W 3��""B� �0�

)� )*"?
r � )'"6� Z���1 �"f/� g	/?
 i/0� �% �D/%

9�\/a  >	��.� /%�/"%, ��@$ 2� �@ 9?�; )� I( �I% 9% 

��< @��I� 9��% �@ )�I� >;/m $��@   7/+
@�@ )����& 

� � �( )� �� >;/m �	�  �@ 9��% Y/���� >;/m 9% 7���

@�@ -K�
 C, >�� �f� .D�@�% �"%- ��< @��I� �s
 2� /;

@�&� Md?(� �"
  -D�@  @��I� ��� -D�@�% �@ 9*	��'%

�@ ��<�; -D�@�% 9% -K�
 9��% �?+"% ��0 � ��@@�% 

 $�?+"% ��< @��I� $���@ ��<��0 � 72�� 9% -K�
 3�R

�%)� 9m @ Y/���� 9% ��
, 7��� �?+"% @�@ -K�
 7,.  

$/;�/="� �"% ��� -D�@�% �@ �/"%, ��@$  Md?(�

)�I� ��@$  �@ /�� -D��
 @�&� 9]�� @��I� �s
 2�

)�I� Md?(� /;�/="� �"% ��@ -D�@�% @�% ��@. �5%��) 

9L �/="� �/"%, ��@$ ���@ �� 9]�� @��I� �	�?=m 9?�; �@ 

@�% .Wilson )1981( -6� 7/;/"< 9m @�m 7���1  

>�� )� �"#�� $�?+"% 9]�� @��I� C, ���m.  /��

Bittman et al. )1981( 9]�� 9m �
@�m 7���1 -K�
 /; 

^�% 9% /; )� ���W )*+( �"f�� -6� �?=m  �@ �
�"<

�"% 9�	/�� @�%-D�  ��;/+� /;D �@ 9]�� @��I� 9m � 

 -D�@�% ��@ -K�
  9%  -D�@�%   ���  �?+"%   @�%  9m    
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6�7��� 

����   
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 �8��

)-,����
( 

��9	�  

1-"  

 ��9	�  

�:�; 

<-� �-2��� 

) �� %-"���=

��,>!( 

�8�� �-2���

) �� %-"���=

��,>!( 

?@A �-2��� 

<-� )%-"���=

��,>! ��(  

'" �-2��� BC$�

) �� %-"���=

��,>!( 

�D��  

<-�  ��

�8�� 

I�EF/�� a �EFaE/�� cG�/�� abHH/I aFI/G a��/J a F�/� a J�/� a F�/J a 

IGG�/F a �H/�HH b GI/�H aJ�/�� a��/I aFH/G aJ�/H a KG/� a �E/� ab H�/� a 

IH HF/J b FEc�K/�G b�/F b��/I aK�/� bGK/� b FJ/� b H�/� b I�/�� a 

IJIJ/H b F�/FG c F�/�� b�K/F bFI/� aEF/� bKJ/� b EK/� b G�/� b �F/I a 

MHI/� b �G/FJ b K�/�� bKG/E cE�/�� a�H/H aFG/� b �J/� b G�/� b HE/�I a 

SHE/E a H�/�JG a �I/�� b��/�� b�E/� b�F/G bHG/H a �F/� b E�/� ab EE/� a 

CHG/K a K�/�HE a IG/�J a�Ga�cGbGK/H a E�/� a GK/� a KI/� a 

I� M HE/I cd G�/�GK b H�/�� ef�/E cd�GaG�/H abFI/� cde ��/� cd �F/� b �F/�H ab 

I� SEI/K bc �/�K� a I�/K fF�/K bcK/� bJI/G abcI�/J b GF/� bcd HI/� b I�/� b 

I�CGJ/�E a G�/G�J  a �/�H bcI/�J a�cG�/H abF�/I a HG/H a EK/H a JF/� b 

IG MJH/E c E�/�GF b I/�G cdG/�� b�GaI�/H aH�/� de �/� bc FG/� b E�/G b 

IG S�F/��  b II/�GK b ��/�G cdK�/�� b�b �/�GG/H ab�H/� ab FG/� b H�/� b II/� b 

IGCEG/K bc �J�b I�/�J abG/�H a�cF�/� bcEE/H bc �J/G b FF/� b �G/� b 

IH M��/H d �FcK�/�� deI�/I dI�/�� aHK/G abc�F/� e FE/� cd �b K�/HG a 

IH SE�/� cd �/�HH b ��/�� efJ/�� bE/� b��/� cHE/G cd FI/� cd KE/� b EI/� b 

IHCFG/H d �/FK bc K�/�J abG�/�� b�c��/� cGE/� de KF/� cd �F/� b G�/� b 

IJ M�F/J d �/�F c J�/F efH�/E cd��/�� aKK/G ab�F/� e ��/� cd �b HE/�I ab 

IJ SJ�/H d K/�G� b �/�� efG�/�� bE�/� b�I/� c��/� de I�/� d JF/� b �G/� b 

IJCJ�/H d �/FE bc F/�� aF�/F b�cHH/� c�F/� de EH/� cd �I/� b �F/� b 

�I  
�,7! 3C ������ ���GI ,7! �� ������ ��� 
�HI  
�,7! �� ������ ���JI  
�,7! ��LM ������ ���M  ����� �&��  
��S ����� %�"���  
��C ����� #�$ �� .

B�N���
 ��C�+
 9O %�:�� B2��� ��
&� P�� �� %�8�� � ������ 'Q��� B�� '��+,
 -0� � %�8�� 
������ 'Q��� ��-� 3�27� �� �!. R! �� 1�-" -! �� ���4
 ?�-S

?@,5� ��	
  ��� �� ������/� 9���9�.  
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)� �
���   Z"#@ 9% 2� �I% 9m �D/% )	/8?
� -"K#/T MAa

9]�� ��� -D�@�% )� n	�6� )
2 @�D )Walton, 1982 .(


/;/"< 9�=& 2� 3�R)  �"% �@ �� 9]�� �	�?=L 9L  -0�

9.��1 7/;/"< �$ � �"#�� 3dT �@��
/()   �	� �@ �A# ��L

@��� bW� 9I#/'� 9]�� �@/�?0� �$  @�J
 �"#�� 72�� �@ /��

9]�� 2��; ��<��0 �  7��K& �@ ��=1 Z���1 2� )*	 )
2

>�� /	 � �"	/� bm��� �f� �@ @�*�=1 >;/m  $/;

)� )'"6�  �"#�� )	/
���  ��<��0 9% -K�
 72�� � �D/%

@��@ $�?+"% 9]��(Bidinger & Raju, 2000; 

McCormick et al., 1995).  

 /%;/L�/"%, Z\��. >$  ^�% �\�@ >;/m bT�"�1

 ^�% @�*�=1 ^�% @�*�=1 9*�	� 9% 9&�� /% -./	 >	��.�

 @�*�=1 �@ ^�% �\�@ C�� Z\/a n+( �@/� Zm

)� �s
 9% �D/K"� )I=]� >	��.� 9m �0� �@/� Zm

n+(  �@ ^�% �\�@ /% 9�	/�� �@ �� $�?+"% >�


 >	��.�^�% @�*�=1 -0� 9?D�@. "< 90 �"% �@X72�� �/  

��<��0 � 3�R 9.��1 �$X  @�*�=1 �	�?+"% $���@ 72��

 ^�%@�% )� 9m 9]�� �"#�� Z"#@ 9% ��
, 7���  $/;  

 �?+"%@�@ -K�
 3�R � ��<��0 /% 9�	/�� �@ 9L  

Nakhoda et al. )2000 ( e���< �� )8%/+� g	/?
  

�
@�L.  

>;/m /% �/"%, Z\��.$  >	��.� 9W/0 @�*�=1X-./	 

Wilson )1981 ( �Buxton )1996 ( 9m �
@�m e���<

��72�� $�� )*+( b	d� > )Panicum maximum(  �

i��< Z./% )Cenchrus ciliaris( i��<�/�0� � 

)Heteropogon cotortus( )� 9W/0 9I0�� w
/� @�DX 

 �	� 2� 9�\/a g	/?
 /% 9m)0��% @��@ -�%/'�.  @�*�=1

?+"% 72�� 9% -K�
 ��<��0 � 3�R 9W/0 �@�%  Z"#@ 9m

X�?=L Y/���� 7, �?+"% 9]�� @��I� �� �  7@�% �� ^�%

72�� �)�D/% 9W/0 ��<��0 � 3�R �@ /;  9I0�� $�?+"%

)� ��"� ^�% @��I� � ���m )� @��6� �"
 /;  �	��%/�% �D/%

)� �"#�� 72�� 9% -K�
 $�?+"% 9W/0 @�*�=1 ���m.  
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�8�� �-2��� 

) �� %-"���=

��,>!( 

?@A �-2��� 

<-� )%-"���=  ��

��,>!(  

'" �-2��� 

BC$� )%-"���=

��,>! ��( 

�D��  

<-�  ��

�8�� 

I�GH/� a GG/�JG a KE/F aF/E a��/�E aGJ/G aEE/� a �I/� a ��/� a �G/G b 

IGGH/H b ��/EF b �E/E bGG/� aK�/�G bHJ/� bFE/� b EK/� a �G/� a EI/G b 

IH��/� b J�/�I b KG/I bcE�/� bGE/�K aFI/� b��/� c HK/� b �G/� b JK/�� a 

IJGI/� b H�/JF b H�/I cKE/� bI�/�I aKJ/� b�F/� c H�/� b ��E/� b KJ/�G a 

MFG/G a EJa EG/E aJ�/J aGE/�J b�G/� aIG/� a IF/� a �E/� a �J/E a 

SIF/G a �H/KF a �K/E aJE/H a�I/�K a�E/� bKE/� a �E/� b �K/� a ��/E a 

I�M��/� a F�/�GG ab E�/�� aI�/K aF�/�E abEF/G a�K/� b GH/� a �b GE/H bc 

I�SHI/� a ��/�I� a Fb��/E abH�/�I abcE�/� bJE/G a KK/� ab H�/� a EK/� c 

IGMHI/H b ��/IK c ��/E cd��/I bc��/�� cGJ/� bcd��/� b EK/� ab GG/� a K�/H bc 

IGS��/H bc F�/KF bc ��/K bcH�/J c��/�� bcJJ/� bcK�/� b EK/� ab �G/� b EH/� c 

IHMIG/� cd H�/�E c H�/I cdF�/� d�JbcFF/� cdeG�/� b HK/� b �J/� b ��/�� ab 

IHSJ�/� d ��/�� c H�/E bcdI�/� d��/GG aFG/� de�F/� b HE/� b �b K�/�� ab 

IJMI�/� cd I�/JE c E�/I cdF�/� d��/�� bc�K/� cde��/� b HF/� b ��/� b ��abc 

IJSFG/� d ��/�� c F�/� dK�/� dG�/�K abI�/� e�E/� b GH/� b �b IF/�� a 
�I  ����� �� ������ ����I  ����� �� ������ ����I  ����� �� ������ ����I ����� ���� ������ ��� M  ��
�� !"�#  ��#S ��
�� �
	�
� ��# C ��
�� $�% �# .&�'*��+ �,��-+  �� ��

/*# &0*#� !
+"� 1�� �� ��2�# � ������ 34#
� &�� 3��-�+ �5# � ��2�# ������� 34#
� �#�� ��0�678 ��.9:;+ <=�># ?� �� @��	 �� �� ���A+ <��B  CD� �� ��#�EF/E 7*�#7*.  
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��,>!( 

�8�� �-2��� 

) �� %-"���=

��,>!( 

?@A �-2��� 

<-� ) %-"���=

��,>! ��(  

'" �-2��� BC$� 

) �� %-"���=

��,>!( 

�D��  

<-�  ��

�8�� 

M��/� a ��/�� a ��/� a��/� a��/�� b��/� a��/� a ��/� a ���/� a ��/�� a 

S�
/� a ��/�
 a ��/� b��/� a��/�� a��/� a��/� a ��/� a �a ��/�� a 
M ��
�� !"�#  ��#S ��
�� �
	�
� 9:;+ <=�># ?� �� ���A+ <��B ��#  CD� �� ��#�EF/E 7*�#7*.  
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 >	��.� /%�/"%, Z\��.$ n	 2� 9?�;  9?�; �/8S 9%

 >	��.� 9W/0 9% ^�% -K�
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