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Drought is one of the most important factors limiting corn production in the world. 

On the other hand, the use of renewable resources and inputs such as 

vermicompost is one of the principles of sustainable agriculture. Therefore, in 

order to investigate the effect of deficit irrigation, chemical fertilizers and 

vermicompost an experiment has been performed in the form of split split plots in 

a randomized complete block design with 3 replications for two years (2017 and 

2018) in Kermanshah Agricultural Research and Training Center. Irrigation 

treatment include optimum, 80% and 60% of water requirement. Chemical 

fertilizer include 100% and 50% recommended and vermicompost include 0, 2, 

4,and 6 ton ha-1 arranged as main plots, sub plots, and sub sub plots, respectively. 

Results show that leaf area index is decreased from 4.51 to 1.6 from normal 

irrigation to intense drought stress. The highest yield of fresh forage (82.5 ton ha-1) 

is obtained in optimal irrigation treatment and combined use of 100% chemical 

fertilizer and 6 ton ha-1 of vermicompost and the lowest rate (30.1 ton ha-1) is 

related to 60% water requirement and no use of vermicompost chemical fertilizers. 

At all irrigation tratments, the percentages of forage protein increase with the use 

of fertilizers and vermicompost, and the highest percentage of forage protein 

(10.2%) is obtained in complete irrigation treatment and 100% fertilizer 

application and 6 ton ha-1 vermicompost. Based on the results in irrigation 

treatment by 60% of water requirement and application of 50% of chemical 

fertilizer, application of vermicompost at the rate of six tons per hectare, compared 

to no application, increases fresh forage by 26.26% and protein by 6.9%. 
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.��  ��( �4���  5/10  543  09/0  87/0  5/13  85/3  78/0  8/7  
���  ��( �4���  9/9  555  1/0  98/0  2/14  88/3  72/0  7/7  
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2 .2 .
��
 /�0	 � ��4&�!�1! 	��
��  

����� :,8 �(�& ��) (�8 �� '�<��L��K  (� �M��^
 U��) '�< \��8 ]�7 Z@�[ (�,�  .�L ��T!� (��*
(�N�
  '(��8�
 HI� ,� (� U��L '(��8�) �U��80 ! �&(��a8� ��  �60 ! �&(��a8� �� ,8 ���%�  �� (� ����N�L ��) � ��&� (�4)�M

 HI� U��L b�^�100 �
 (��
� �&(�,�&  ��Lc����8  � \�K �����50 ��) (� ��9�� F�� �&(� � ���M '�<
��(� ��) d�4;� ]�I� HI� ,� (� Q��WN)  U��L ��e& ,� �:L ��) (� (�4*< (� F
 (��[ ���M a��M '�<

�%4M�f.   U��L \��8 �< Z�
�
 F�� ,818  '�(�� :����� U) (� � ��)54 .��8 ��)  
 �(S ���6�<��(�8�(�� � (� c��) U�%�� ���6�< :����� F�KSC703  ��8 .  ��) �< .�77  �� x�� � �4�3 

8 � ���8 QL�) vK (�	t U��L �4����> F ���M '�<,8 (�X%� 
 S�e! �� Q5!�N�� (��T� '�<(�N��( r� d,8 ���%� 
L���� .�4%) Q	R .�L Q ) ,� �� ���e4�� �8 '(��8� .�4%) �(��T� '�< ��> ,8 ��) � O� S�e! �� Q5!�N� � O� ��9

 .QL�� ,!�f��R .�4%) ��L �8 ,@�@ (�	t ��) �< O� {�[� .�4%) Q	R .QM�f �(�& (�4%) � }*�M�(��< P40��
��(�  ,8 QL�) �� U6[ Q��WN)��) �< 8 (�4)��
 � �
���
�( �� ���e4�� �8 � ��L ,M�~� .�L j��;� \�K �8 U��) �#�

,�&�
 P)��
  '� ,M��� �(S '��8 ��L95000 .�L ��R� 9�! :����� F�� (� ,) ��8 (�4*< (� ,
�8 ��) ����N�L '�<
��e0M�>�� U��L '��8 UW��
  F��m
'��8 �(�� ��e0M  F��m
 � �s��4�!��e@�� P���4> '��8  F��m
 .��8 P���4>c����8 

�) ��9�� \�K �����,�&�
 '�<�  U��L ��L100  �c�4> ��f���)150  � �e0M ��f���)450  .��5�) �(�� ��) ��f���)
200 .��8 (J@�K �s��4�! (�4*< (� ��f���) ��(� ��^; � Q��WN)���e4���(��  .��R (�)2( �.Q�� ��L ��(�  
!�f a8� ��� ��c����8 FN%> ,@��5�-u�4%�-���M1  �� ���e4�� �8��! (�9M� 4>��� ���2 Q! � ���3 (� �(�� �< �8 ���( �� '

 ,6���� ,
I%� a��%L��< (��� ,8 ,R�
�Lr� ��( �� �� !���) ,
I%� (� g��( '(��8� �(�� �  (�� F�� O�;4!� � ���8 (�8
 '(��8�c����8  .��8 ���(�� ) v���L��! (�9M� �4>�� ,��> �8 ��� ���� �< ���%L��< '�����(� �( �� ���e4�� �8 �FN%> _-
u�4!��-O� v���L (� �( ��<��f ,!���( �8� ���! ��9�� ���M  � ���) ,6���� ����� d�4;� '�< P��[� ����<��� ���
  �� ��

,8 ���%�  Q[� Q	R ��� .��) ���e4�� ��<��f �8� '�<���! F��5
 (� �5R��:�8 �
  �� �8� ���! ,6���� (���! (�9M� Q!  ���
 F�� .�L ���e4����! (�9M� c����8  '��(����� �<r� ��( �� ���%L��< ' FN%> .���M � (�8-u�4%�- �( ���f �8� ���! ���M

�� ,6����) Q�� ��L �M�5� ���(� ��<��f �8� ���! ,6���� Q	R ���M ����%L(�) v��
 ,@��5� F�� .�%)Allen et 

al., 1998 Q��0� .���M {67 9�! '(��8� O� .()) ��2
m × (!���  ,!���( a8�mm/day  ×8� (���.�L F��5
 �(�  ,@��5�

FN%>– u�4%�-���M �� ����&� ��T!� ��L v��
 ����%L(�) ���M '�( ,@��5� FN%>-u�4!�� ,8 Q�� ���� � ��;6
 � ��5
 
) $R��ETo �N��[� ����7� �� ���e4�� �8 �( (����!� ��f' �� �(���8 ���%L��< ���40�� (� ��L .�%)  
  

 G���2. ��/� (�OP7� �2�O� 
��A�9  

pH  '(�L )dsm-1(  �@� F8�) )%(  ��� )%(  P���4> )%(  �e0M )%(  F<� )ppm(  9%�%� )ppm(  '�( )ppm(  }� )ppm(  
3/7  61/2  86/14  95/0  43/1  8/0  2141  308  387  5/11  

  

ETo =
0.408 	�
Rn − �� + � 900

� + 273 U2
es − ea��
� +  � 
1 + 0.34 U2 �  

                                                                                                                                                            
1. FAO Penman-Monteith equation 

2. Optiwat 

3. Netwat 
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 �� (� ,)� :ETO $R�� ��5
 � ��;6
� )mm.d
-1(:∆ ) l�6L� (�;8 (� M �����p
 �%�%� Z�Les ,R(� ,8 Q60! (

) �(���T) (KPa°.C
-1( �:Rn ) '��L(�K J@�K :8�
 ��9��MJ.m

-2
.d

-1( �:G ) \�K �
(��� (�L �@��tMJ.m
-2
.d

-1( �
:U2  l�e
(� (� ��8 Q��� ,!���( F��!���2 ) '�4�m.s

-1( �es  �:ea  ��< (� O� (�;8 �5[�� (� M � l�6L� (�;8 (� M
)Kpa( �:� ) '�4���*��� Q8�YKpa°.c

-1.Q�� (  Q��0�) ,7�8�� .���M {67 9�! '(��8� O�)) ��2
m × (!� a8� ��

 ,!���(mm/day  ×8� (���.�L F��5
 (�(� 

 

2 .3 . ��678
! �
�����!
8 4��9 ��� 

,�L�� ���Y� b"� �� }> ��! '��NK ,���� (� �� Q��0� ,8 ��(���) �� ���e4�� �8 QL���8 '�$8���4�  � ��L ��T!�
 ����< :;8 ��� �QL���8 �� }> ,�&�M�8,
�8 �< ����
 �� ���e4�� �8' ��T����!� .�4� f��' �L.  Uf U��) (�	y �� �58

P< � �R�
 �8 ���� * 
�f �@�7 �L( �.�8 U��) U�d[�4� �(S �� � (� ,) ��L� l�e
(� ��) �< (� ���%< F:L  ,
�8
�4!�� Z0��8 ,8 �4� @�� �
 (���f ,��>) F��� HI� �� �M��^
 (�7�����!� (U��
) �R�
 Uf ���M ,K�L F  � '��f� QL����
 F��!��� ��L:L ,8 ,
�8  O�0�� ��) �� ��<��f l�e
(� ���%��L.   

Uf ,���� (� ���4�� �� ���e4�� �8 �Q�� ��L U��) G�8 HI� ,) �<�SunScan canopy analysis   .��)
Delta-T UK����!� G�8 HI� JK�L ( }� (�X%� F�� '��8 .�L '��f ,� ���4�� �f ,8 (�8 d��( �8 ��N� �(�&  '�<

d��( Q	R (� �QL�)  ,���� �8 � QL�) '�<45 d��( �8 ,R(� QL�) '�<  ,� F��!��� � QM�f (��[ �>�!�) d) (�
) �L ,4M�f �X! (� Q���[Wilhelm et al., 2000P< ���4�� g%�(�! Q@�� F�� (� .( ,8 � �>�!�) �8 l�e
(�  �[�L �(�&

�� (��[ ��) r��9! � k(�K (� �8�# �� ��T!� ���4�� �
��W��) �%�� �( ��6���� .QM�f ,8 .���  (� Q[� (�X%�
����!� '��f ��L �� v*�(�! QK��%'����!� �  Q��� (� '��f10  �
 H6&��  �%�� (� ����7� ��N
 .�L ��T!� �	y���58

���KS ���4�� �
��W��)  ,8 �� .�^
� �8 � ��L��t ���4�� �f  ��t ����7��L.   

����!� �4�� '��f�M���) ���4�� v��
 G�8 U�M���) '�U  .��) �4�SPAD-502� .QM�f �(�& (�� F ���4�
M���)� �( U,8 _�( ������ (� �6��;
��# ,8 '�  ����!�3×2 ����  Q[� �8 G�8 �� �4�1±  ����SPAD,8 �  $6%� �� ,����

��k�� .�7 (� (�! (� 4!� '��  '�<650  � (9��[ (�!) �4��!�!940  9��[ (�! ,8 c�0� (�4*
� �� �8 ((�� 9��[ (�!) �4��!�!
����� �� 5 
 ,8 c�0� � 9��[ �� �(���8 ) ���N!Ghobadi et al., 2011.(  

,8 ����!� (�X%� �4�� '��f�,!�N! �G�8 O� �60! ' ��) ��N
 �� '(��8� ��T!� �� U6[ ��( '(���8 Uf ,���� (� �<  �<�
 Pt�> G�8 �� � Q��� (�10  H6&,!�N! }W� .QM�f �(�&  ��� ����� ,8 .�
4!� �� }> � �L ���� (��[ Q)�> (� �<

r0�� �4!�� r� �I[ ,8 �f�8 '�< ��� � ,�	
 �4� �� �
 ,!�N! F�� .�L F��5
 �@�4�T�� {�[� '����
 �8 �<  �<,8 ��� 
,!�N! ��� }W� .�!�L ���� (��[ �I
� O� (� P) (�! ��L (� Q��� (�	t  ��L F��5
 }!��s(�
 Q@�� (� �f�8 '�< (�

Q��	! ,!�N!  �<,8 ��� 48  '��� (� Q���70 �� ,R(��4! �� r K ��� � �!�L r K ��� (� ���f  .�L F��5
 �<
 G�8 �60! O� ��9�� ��� .���M �� ���e4�� �8 }W�Z0��8 �L ,6���� �&(� )Ghobadi et al., 2011.(  

   RWC= FW – DW/TW – DW × 100   

 ��M ,I8�( (�FW  �(G�8 ���
 ���) G�8 �
 ���DW  � G�8 r K ���TW Q�� l�6L� Q@�� (� G�8 ���.   
����!� '��8 '��f�� .�� (� .���� �6�M��'  (��
�3/0 ,!�N! �� ��f��6[ ,) ���<  (� �!��8 ��L O���� � r K
U6����) UK������!� '�<;�( '��f�L ,4 ����!� ���4�� UK�� (� �) ��K �6�M '��f .��22A ����� QK�� (��[ (���� 

.�L ,!�N! ,8 }W�'���� .���� �<  ,8 ,!�N! �< '��8 .���� PT� ,) '�� �
 �L ,M�~�100 �� F�� .���8 ��
 � ��� _�R ,8 �40��8 .����,8 ���  �8 U6����) UK�� (� ��!�N�[�8 ���� ,���� F�� �� }> .�L�T8 ���� �8 Q��� r�
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 _�R �I
� O�Q0L �L� U6����) .�L ����N�[�8 '��� '�< '��� �8 ��� ,8 ,!�N! ��!�100  ,R(��4!�� ���f  � U
4%�
��) �58 ,���� (� .�L ��T!� � ) ���U6�� �< ,!�N! '��� ',8 ���  '��� �8 �*��4*@� �(�) ,8 Q��� ,�50  ,R(�

�4!��,!�N! � U
4%� ���f�L _���K �(�) ,���� (� ��!�L ��!���� �< ��� ��� ����� '��� (� � & ���	! � ) �(�
�� .�� (� .���� �6�M �&(� Q��	! (� .QM�f��' ,!�N! �< .�L ,6���� ��� .���M �8  

ADF%= 
100 X (Dry Crucible or Filter + Residue) – (Dry Crucible or Filter) 

(Sample Wt) (lab corrected DM) 
  

����!� (����4�� � U���� �V%K .�� (� .���� �6�M ��9�� '��f '�<����!� ,8� � (�) _�( � ���!�(��  .���� �6�M '��f
�� ���e4� ���e4���(�� ����N�L ���� ��� �Q�� '���� .�� (� ��V%K .�� (� .���� �6�M .���� F4K�� '��8 ��48� .�L�8

 (��
�30 U�(�@ P��� ��f  ���e0M81/6 ) ��4�� ��4
 F��� '� F��
� P��� '� ��fEDTA �(81/6 8 P��� ��f ��(�
)NA2B4O7 �(56/4 ) ��e0M �s�(��< P��� '� ��fNA2HPO4 � (10 �� O� �8 � ,�	
 .�!�
� �0)��
� .���� �� ��

�4�@ r� PT� ,8 �I
� �L ��!��( ��9�� F��5
 (�X%� .NDF ,!�N! �� ���) �< ,8  (��
� ,8 �<3/0 U6����) UK�� (� ��f �<
,8 � ,M�~�  Q��� r� ���.�L ��!�L�R ,�
8 ��
�[� (�) ��T!� U���� ����!� _�( ,8� � ��9�� '��fADF ��.�L�8  

/
��> �&(��,!�N! F.���T) ���4�� v��
 �< ) .��K1100 �!�WN) QK��Hanon  F�t5
 (��.�L F � '��8� F
�� �� }> (�X%��O�  ���),!�N! �<� r K '� ��95/0 ���� ,@�@ (� �( ,!�N! �< �� ��f�( :� � ,4;�[ ��� r ��

@�
�)� � (�97 ���� ���(�e@�� �� r98  �&(��L ,M�~� �� ,8. FL�( �� }> �!��� � P|< ���4�� ���)  �� '��� ,)
 ,8400  �
420 �4!�� ,R(�,@�@ ����( ���f���� '�<� :,8 ��� �! � Q��� r�/
��> P|< ���4�� (� P� ��< ��� � F

�L ���� (��[�! ,@�@ �< ,8 ��L ��� �� }> .50- 25 �� �� ,M�~� �I
� O� � ��L,!�N! �� r� �< }W� (� �<
 (��[ ��I

 ���4���%4M�f! ��(�;8 ��f ���� v��
 ,!�N! ���4���) ���4�� ��!��(�8 ��� � ��L O"R (r�/
��> ��9� �� F

! O�~ U&����~ (� �s��4� Z25/6 ,8 Q�� .��� 

  
2 .4 .
��
 ��;��3�	  

$NR g��4! :����� .�� �� �� }>'(�� ��L � .���!  ���8���� �<  Q�
(�8 ����� �� ���e4�� �8��(�8�(�� .QM�f (��[  U6[
 (.��) }!��(�� �%�N< ����� �Z)�� ,�9T
 ��c����8 ��! �� ���e4�� �8 ����@ �(���  (�9M�SPSS ) ,;0!16(  .QM�f ��T!�

.�� F�8R� �!s�N< � �4K��%*� �< Z)�� ,��T
 � ,4L�� �����m
 �L ,@���� Z)�� ,�9T
 �� �� }> .c����8  .��
Q��W�� Q��W�� 9T
 U��L '(��� ��6���� .�L ��T!� ��>�(�� ,�}!�  ��
��� ��0��!�� F,8 _�( F*!�� ��! v��
  (�9M�
 '(���MSTAT-C ) ,;0!10(  ��T!��L. 

  

3 .<3� � =��>?  

3 .1 .�� ����� ��@��� 

 g��4!���� }!��(�� ,�9T
 ,) �(S �
 ,M��� ��*�N� ,) ��� �� ! ,@���� '�<P	� �
,M��� �(S '(�T
 Qe& F� '�
�� Q�
 ��L�8��Ym
 ��(� �����N�L '�<��) �'(��8� '(��8� U8�
4� �Y� �Q��WN)× '(��8� �����N�L '�<��)× 

��(� ����N�L '�<��) �Q��WN)× ��(� ,� U8�
4� �Y� � Q��WN) !�R'(��8� ,6× ����N�L '�<��)× ��(�  (��[ Q��WN)
QM�f  .��R)3I� ��N
 (� .(�:��9M� �8 '(��8� ]  ��9�� b�^���(� � ����N�L '�<��)  ,M��� ��*�N� �Q��WN) �
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 .��R) QM�� :��9M�4 .(:�8 ��
 ,M��� ��*�N� F �
)5/82 
 (� ((�4*< (� F
�8� (�N�b�^� � O��I� '(� P< ���� 
100 ��(� (�4*< (� F
 :L � ����N�L ��) �&(�  Q��WN),8 Q��  � ���P) ��
� F�) �� ��91/30  ((�4*< (� F



 ,8 j�8��� (�N60 �8� ���! �&(�  �50 ��(� b�^� ��� � ����N�L '�<��) �&(� �8 ���� .��8 Q��WN)  :��9M�
��(� �\�K (� O� '(��	�! Q�M�y  ��@�
 �8 Q��WN)r����< ����  ��<��f (� �* K :%
 ,8 Q���
� :��9M� u��8

�� �� �5�67 r���< '�<���� .��L Q0�� F�9���R r� �%!��
  ��* K :%
 ,8 ��<��f UN�
 :��9M� '��8 �I���
,8 U�@� ���!� (� F�/
��> 94%� P�9!� Q�@�5M :��9M� �� � P�9!� 94%� � �<��f d�4;� '�< ) �%L�8 �<Hussain Shah et 

al., 2018 ���� ��5@�I� .(:<�=> ���f �� �� ! 9�! �( �(S ,M��� � ,!�� ��*�N� �8� :%
 �<�,8 ��L  :<�)
�� ) �<�Song et al., 2019 �� ! g��4! F�� �8 ���� .(��b�^� ,) � P< ���� ��(� (�4*< (� F
 :L � Q��WN)50 

 ����N�L '�<��) �&(�c����8  b�^� (�N�
 �8 ����f '��) ���!100  �� ���e4�� ��� � ����N�L ��) �&(�
��(�  �8� v���L (� Q��WN)U��) �%5� ���e
 :%
 � �� ! l�~�� F�� � QL��! '(����� ,)  (� F
 :L b�^� �8

��(� (�4*< Q��WN) �� �
 ���
50  ��� :<�) �( ����N�L '�<��) b�^� �&(�,)  ,8 ,R�
��Ym
 '�<��) ��� ��
v��� �8 ����N�L  Q0��  Q�N<� �8 (��08 ��!� ����R�� Q��� ��� .��R) �L�84 .(.et alYadav  )2016(  P<

 ,) �!��) ���%�:�8 �
P< b�^� �8 �(S ��*�N� F� g%> ���� ��(� (�4*< (� F
  � Q��WN)75  ,8 ����N�L ��) �&(�
,�&�
 ��9�� ,8 ��L .��� Q�� Q��WN) � ��(� Q��WN) ���� �8 �&�%� � ���"# ���� ��@� '�(�� '���� ����
� ���� �*����< 

�� ,) �L�8 F�� ���� �� ��6	8 {��7 Q0�� �N<��M �&�%� ���K ���"# ,8 �=�� F<� '�( � )Chen, 2006( � �Y� P�
40� �8 
) �<��f P0�@�8�4�Nardi et al., 2002�( u��8 :��9M� �L( ��*�N� � ���f �� �!�L )Tartoura, 2010 .(Kumar et al. 

)2011(  �.et alAnwar  )2005( ,8 ��K ,5@�I� (�  Z�
�
� ]�I� ��8(�) ,) �!��N! ��<� � l�%5! ���(�� ���f � ��f(�� (
��(� d�4;� ,8 .�4%) �8 ,0��
� (� Q��WN) U8�[ (�7 .�� ;8 ��6	8 �( �*�s�@��8 ��*�N� �	R�
  

  
3 .2 .���� A�6�
!  

P�s( �Y� b�^� '(��8� d�4;� '�<� �40�� '�<��) �����N�L� '(��8� U8�
4� �Y�× '(��8� �����N�L '�<��)× 
��(� ����N�L '�<��) �Q��WN)× ��(� ,� U8�
4� �Y� � Q��WN) '(��8� ,6!�R× ����N�L '�<��)× ��(�  �8 Q��WN)

�%5� �(S ,
�8 l�e
(�  .��R) ��8 (��3 ,) Q�� �� ��!��8 ,
�8 l�e
(� F��!��� ,0��
� .(P) 
�l�e
(� F� ,
�8  �85/148 
�4!�� (�N�
 (� �4�60  �'(��8� �&(�50 �&(� ��(� b�^� ��� � ����N�L ��) Q��WN) �:�8 �
 �8 ,
�8 l�e
(� F�

8/224 �4!�� b�^� � U��) '(��8� (�N�
 (� �4� P< ���� 100  (�4*< (� F
 :L � ����N�L '�<��) �&(�
��(�  ��<� � Q��WN)�L  ,)�� ! �%<��  :��9M�34 ��8 Qe& F�� '�&(� .��R) 4 ,� �< (� .((�N�
  ���e4�� '(��8�

��(� � ����N�L '�<��) ���L ,
�8 l�e
(� :��9M� ,8 �T%� Q��WN). Haileyesus &Woldesenbet  )2016(  9�!
 :��9M� �( �(S ,
�8 l�e
(� �s��4�! ��) �!��� _(�9f.��� �8 F�� .��� ��(� 'q�8 ����
� (� l�e
(� :��9M� (� Q��WN)

�%5� � ��	 � ����N�L '�<��) ]�I� ��N
 (� �� �� ���e4�� ��� �8 ,0��
�  '(��8� v���L (� ���� '�� �� .��8 (��
 b�^� � U��)100 ���N�L '�<��) �&(�� ��(� �� ���e4��  Q��WN)��Ym
 �%5�QL��! ,
�8 l�e
(� �8 '(��� �@��(�  ,)

 b�^� � P��� � ���L �* K :%
 v���L (�100  �� ���e4�� ����N�L ��) �&(���(� �WN) F�� �8 �46V� �Y� Q�
 l�~�� F�� ,) QL�� Qe&�� ! ��%<� �� �* K :%
 v���L (� �40�� '�<��) Q�N<��L�8 .��R) 4.(  Rafiee

 Koonani & )2019 (��(� ,) �!��� _(�9f�Q��WN) �8 ��Ym
 �8 �P0�@�8�4 .����<��f '�< � P< F�%t �8 �(�[ 

��) �f�%%) � :��9M� �&�%� O"R ����"# Z6� :��9M� �L( � l�e
(� .�L �(S 



<=0	� >9 	�?/��@ ����9� !	�	��� � �/�� 
��A�9 �� (/B %2�"# �� ) Zea mays L.  (   1077 

 G���3 (�RS T	3
�	� .��/���/��  
�0 (/B�	<=0 �/�	�? U"8P� ���/��	0@ ��/� � ���	�	! �����9
��A�9  

�����p
 $8�%� 

'�
��� 

,R
(�

  

�
 
,M�

��
 ���

f l
�e


(�
 

G
�8 

HI
� 

J
K�L

 

U�
M��

�) 
'�

4�
�

 �6
0!

 O
� '

�4�
�

 

 (�
 .

���
� �

6�M
�V

%K 
.�

�
  (�

 .
���

��! 
�6�

M
'�

��
� .

��
 

F�
/
�

�>
 

Y 1  67/46   ns 08/20  ns 06/0    ns 9/42   ns 68/0  ns 4/5  ns 33/40   ns 311/0 ns 

W 2  1/14236  ** 9/16360 ** 61/45  ** 6/1300 ** 6/4732  ** 6/465  ** 8/161  ** 8/22  ** 

W × Y 2  2  ns 36/1   ns 18/0   ns 03/5   ns 3/1   ns 52/0   ns 05/0   ns 007/0   ns 

Rep (W × Y) E 6 08/4  55/82  034/0  92/34  06/4  64/11  77/0  42/1  
NPK 1  4/1930  ** 7/27360  ** 92/3    ** 8/706   ** 72/30  ** 1/256  ** 3/908  ** 7/73  ** 

Y   × NPK 1  213/0     ns 89/4   ns 001/0   ns 067/0  ns 053/0   ns 301/0   ns 163/0   ns 009/0   ns 

W× NPK 2  38/82  ** 5/3270   ** 256/0   * 14/58  ** 54/14   ** 1/234   ** 65/2     * 6/53   ** 
Y×W   × NPK 2  004/0     ns 28/0   ns 001/0   ns 019/0  ns 09/0   ns 301/0   ns 029/0   ns 09/0   ns 

Rep  × AZ(Y×W) E 6  64/2  89/4  086/0  78/7  53/0  7/4  43/4  46/0  

VC 2 09/490  ** 7/670   ** 06/1   ** 8/31   ** 96/38  ** 6/45  ** 23/38  ** 2/13  ** 

VC  × Y 2 033/0     ns 33/0  ns 001/0  ns 03/0  ns 03/0  ns 944/0  ns 021/0  ns 003/0  ns 

VC×W 4  96/16     ** 06/91   ** 09/1   ** 69/9   ** 3/41  ** 4/26  ** 23/33     ** 6/53  ** 

VC×W  × Y 4 001/0     ns 111/0  ns 003/0  ns 06/0  ns 03/0   ns 455/0   ns 03/0     ns 101/0   ns 

NPK× VC 2 9/292     ** 111/64  ** 994/0  ** 44/6  ** 7/44   ** 2/54   ** 9/22     ** 6/36   ** 

Y×NPK× VC 2 095/0     ns 003/0  ns 003/0  ns 24/0  ns 03/0   ns 43/0   ns 032/0     ns 40/0   ns 

W× NPK× VC 4 32/12     * 27/9  * 11/1  * 72/5  ** 3/56   ** 3/28     ** 3/44     ** 4/87   ** 

Y× NPK× W× VC 4 01/0      ns 009/0    ns 003/0    ns 26/0  ns 42/1   ns 24/0   ns 11/0      ns 45/0   ns 

Error 107  52/8  35/57  94/9  42/3  3/6  3/3  91/2  31/1  
CV(%)  -  35/5  25/4  55/9  01/2  8/8  1/10  6/7  8/8  

ns� ** � * ,8 �%5� b�4K� ��R� ��� Z�
�
 �%5� �(��  .�N4�� HI� (� (��1  �5 ) �&(�W : �'(��8�NPK :��) �����N�L VC :��(� �Q��WN) Y : � .��Rep :�� (��*
 .�L�8  
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 )100 �&(�(  

50 �&(�  
�e&  66 d 3/172  e 48/3  bc 7/39  d 1/80  b 42/63  f 1/43  d 65/6  g 9/45  fgh 

3  22/67  c 8/175  e 88/3  ab 1/41  c 2/81  a 7/63  ef 8/41  e 35/7  ef 5/45  fgh 
6  02/80  b 8/182  d 18/4  ab 7/42  b 9/81  a 4/62  g 4/41  ef 4/8  bc 2/47  def 

100 �&(�  
�e&  5/80  ab 2/220  a 25/4  a 8/45  a 82 a 23/56  ij 8/37  h 55/9  bc 2/49  ab 
3  8/81  ab 3/224  a 38/4  a 5/46  a 82 a 9/56  i 2/36  i 96/9  b 5/50  a 
6  5/82  a 8/224  a 51/4  a 6/46  a 3/82  a 9/56  i 2/36 i 2/10  a 8/50  a 

80 �&(�    
U��) '(��8�  

50 �&(�  
�e&  9/43  f 7/152  hi 43/2  de 4/32  g 7/66  e 8/59   j 05/46  b 4/6  gh 7/43  i 
3  5/44  f 8/152  hi 56/2  de 4/32  g 4/67  de 78/59  j 5/44  c 7/6  fg 9/45  fgh 
6  e 3/54  167 f 63/2  de 3/35  e 9/69  c 33/59  jh 1/44  cd 1/8  c 8/46  fgh 

100 �&(�  
�e&  8/54   e 8/193  c 63/2  de 5/39  d 9/64  f 82/66  d 3/40  fg 1/8  c 6/46  bcd 
3  5/55  e 3/193  c 8/2  cd 7/39  d 7/65  f 4/62  g 5/38  h 55/8  bc 7/46  bcd 
6  8/55  e 2/204  b 8/2  cd 2/41  c 8/67  d 1/60  h 5/38  h 9/8  b 8/46  bcd 

60 �&(�   
U��) '(��8�  

 
50 �&(�  

�e&  1/30  h 5/148  i 46/1  g 3/30  hi 1/59  h 57/69  b 1/48  a 7/5  gh 6/41  j 
3  32 h 2/152  hi 6/1  fg 6/30  hi 7/59  h 87/70  a 2/46  b 8/5  i 2/45  ghi 
6  9/35  g 156 h 03/2  efg 8/30  h 9/61  g 48/68  c 8/45  b 2/6  ghi 4/44  hi 

100 �&(�  
�e&  4/37  g 3/161  g 03/2  efg 7/32  g 5/57  i 1/64  e 7/41  e 4/7  de 8/43  i 
3  2/39  g 3/161  g 10/2  defg 33 fg 1/58  i 2/64  e 8/39  g 4/7  de 8/45  efg 
6  8/39  g 3/164  fg 20/2  def 7/33  f 8/59  h 64 e 7/39  g 8/7  cd 5/45  efg 

 b�4K� ��R� ��� ��!��8 ��4� (� ,8� � b��� *�%5�  .�N4�� HI� (� (��5 �� �&(� .�L�8  
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3. 3 .B�� CD� EF�� 

G�8 HI� JK�L  Q�
 9�!��Ym
  HI��'(��8� ����N�L ��)� ��(��� U8�
4� ���Y� � Q��WN) �< .��R) QM�f (��[
3,) ��� �� ! g��4! .( G�8 HI� JK�L  �� (�N�
 '(��8�U��)  �
60  '(��8� �&(� ��51/4 ,8 46/1  Q�� ,4M�� :<�)

 .��R)4G�8 HI� ���� � G�8 HI� JK�L ,8 �(S ��*�N� .(  '��8 �( '��L(�K :8�
 O"R ���(�) ,) �(�� ��408
�%���M �� P<��M 94%��4M,!�f �V)� (� .�%%)  (� ���p
 �G�8 HI� �L( :<�) u��8 O� �� �s��4�! ��6N) �<��f '�<

 G�8 .��� (�4K�� �G�8 QM�8 Z�)�
�� ��<��f O� '��4�� �) ��LCasa, 2003 HI� :<�) u��8 �@�0* K �(
�� �(S ,!�� ��*�N� Q��	! (� � 94%��4M �G�8 U�M���) '��4�� �G�8) ��LAthar, 2005 �� ! g��4! ���� '�� �� .(

 � ����N�L '�<��) HI� :��9M� �8 ,) �����(� �WN)JK�L �V)��� � QM�� :��9M� G�8 HI� JK�L �Q�  HI�
) G�85/4b�^� (�N�
 (� ( P< ���� :L ��(� (�4*< (� F
  � Q��WN)100 �&(� ��) ����N�L (� v���L  '(��8�
U��) ,8 Q�� @��(� �����  b�^� (�N�
 (� ,):L �(� (�4*< (� F
� ) b�^� � Q��WN50 L ��) �&(��N���� 

 G�8 HI� JK�L18/4 ��8  ,) ��9�� ,8 ,)�� ! ��%<�  :<�)7  ��8 '�&(� .��R)4 .(Yadav et al. )2003( 
! �!��� �� ) ,)) ��8(��L '�<��N���� � ��40� �9M� u��8��N� :*8 ���s�@�r��N� �*� ,!�� �� G�8 HI� JK�L 

f�) ���e�� ��Plantago ovate(  .�L��(� �� ���e4�� �8 �(S G�8 HI� JK�L :��9M�  �� '(��08 v��
 Q��WN)
:<�=> ���f ) Q�� ��L _(�9fMore et al, 2013 Tripathi et al., 2007; .(c����8  _(�9fKolari et al. 

)2014( ��(� b�^� ��(� �� �
�e�
 ���e4�� ���� '�� �� � ��� :��9M� �( �(S G�8 HI� Q��WN)  ��) � Q��WN)
 �( �(S G�8 HI� JK�L ��s��4�!:�8 �
 .��� :��9M� 

  
3 .4 .�>3�!� 2������ 	 B�  

���� Z)�� ,�9T
 g��4! �<  G�8 U�M���) '�4�� ,) ��� �� ! ��Ym
 Q�
 9�!N�L ��) �'(��8����(� ���� Q��WN) ���Y� �
�� U8�
4�QM�f (��[ �<  .��R)3:�8 .( ��(� F
 :L (�N�
 (� G�8 U�M���) (��
� F��
 � Q��WN)100 ����N�L ��) �&(�

 '(��8� v���L (�U��) ,8 Q�� ���. F�� �8 .��� ��(� ]�I� F�8 b�4K�  (�N�
 (� Q��WN)100  v���L (� ����N�L ��) �&(�
�%5� .���! '(��8� �� ��o� G�8 U�M���) �����p
 �8���(� .��6! (����8 ��(� � ����N�L '�<��) ����
� :��9M� �8 ,) �Q��WN)

:��9M� G�8 U�M���) (��
�  :�8 ���e
 F�� ��� �Q�� ,4M��  �
 ]�I� (�50  � �&(�100  ����N�L '�<��) �&(�
U8�[ ,8 U�M���) (��
� (� :��9M� ��<��) ����
� F4M(q�8 �8 � Q�� ��<� �  .��R) Q�� ,4M�f �(�& '�%)4 .(Ebrahimia 

et al. )2014( ���) _(�9f O� ��6N) �Y� (� �( �����8�4M� G�8 (� U�M���) ��9�� :<�)�M���) ��9�� :<�) .�! Q�
 U�
�� O� ��6N) v���L,8 �!��
 .�*���( ��@�
 :��9M� Q��P40�� (� .�4K� � �=�0)� ���� '�< ��%<� :<�) �N�9!� '�<

.�*���( Q�@�5M) �L�8 ���� '�<Santos, 2004( P< P�X%
 (��
� :��9M� �8 F�%t ��%%)r�9�08� � F��
� �%!�� �L( '�<  (� ����
�) Q�@�5M �O� ��6N) �Y� U�M���) ,�9T
 $��0
 ,8 �T%� ,) ��L r���
 ����0)��> � ���M���� ��L )Kaewsuksaeng, 

2011(. Kumar &Choudhary  )2013( ��(� �Y� ��(�8 �8  ��) � �)�K ��) ���f ��) Q��WN) ��#�� ��) �Q��WN)
:�8 �!��) ���� ��(S G�8 U�M���) ��9�� �8 ����  �8 �4� U�M���) Q���[ ��9�� F��
6/52 ��(� �� ���e4�� (�N�
 (�  Q��WN)

P) �  �8 �� ��9�� F��
5/41  �@� ��) b�^� ���8 �<�L (�N�
 (�,8 Q�� .��� 

  
3 .5 .�>3�! B�� H
 �;I? 	 

 ,) ��� �� ! g��4! �Y�N�L ��) �'(��8����(� ���� Q��WN)�� U8�
4� ���Y� ��< �%5� G�8 O� �60! ��9�� '�( (�� ��8 
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 .��R)3 v���L (� .(60  �80 �'(��8� �&(� ,8 G�8 O� �60! '��4��  :<�) ��L.QM�� P)  O� �60! '��4�� ��9�� F��

 G�8(�  (�N�
60 �'(��8� �&(�  ��9�� ,8 ����N�L '�<��) b�^�100 ,�&�
 ��9�� �&(�  �� ���e4�� ��� � ��L
��(�  Q��WN) ��L ��<� ��@��(� :�8 ,)  '(��8� (�N�
 (� Qe& F�� ��9�� F��
U��)  b�^� �100  '�<��) �&(�

 � ����N�L:L ��(� (�4*< (� F
 ) �L ��<� � Q��WN)R .��4 v���L (�  .( '��4�� ����N�L '�<��) �� ���e4�� .���!
��� :��9M� '���� �
 �( G�8 O� �60!� �@��(� (�N�
 (� ,)100 ��(� �����N�L ��) �&(� �%5� ��Ym
 Q��WN) F�� �8 '(��

QL��! Qe&.  (� '�<(�N�
60  �80 '(��8� �&(�  ,) ��� :<�) �( G�8 O� �60! '��4�� ����N�L '�<��) b�^� :��9M�
��q�N4� ,8 �� �* K :%
 v���L (� ��5
 � ��;6
 :��9M� ,T�4! (� � G�8 HI� :��9M� U�@�:%
 v���L (� ��� .�L�8�  ��)

��(�  ��9�� ,8 Q��WN):L �� ! ��� F�� ,) ��� :��9M� �( G�8 O� �60! '��4�� F
 �%5� � Q6V� ��Ym
 ��%<� (��
��(� �� �8� P) v���L (� Q��WN).��R) �L�8 4 .(Jones )2006(  �\�K �@� F8�) �&(� r� :��9M� �8 ,) ��) _(�9f

U8�[ ��9�� ,8 \�K (� O� '(��	�! Q�M�y �� :��9M� �	R�
  .�8��Reicosky )2005(  ���� l��!� �� �K�8 ,) ��� _(�9f 9�!
�� �@�  �
 �%!��
20 �4�� .�%��N! '(��	�! O� ��K ��� �8��8� :
! q�8 G�8 O� �60! ' (� �* K ,8 UN�
 (� �( �N	�

�� '��8 �(S  '��8 �6��%� JK�L � �%) ��(�8:����� Z�#� (� .Q�� �* K :%
 ,8 UN�
  O� �60! '��4�� :<�) �<
���8 �* K ,8 :%)�� (� G�8  ) Q�� ��LTerzi & Kadioglu, 2006.( 

  
3 .6 . �;�� &7
� �  �KLF MNO 
� M��3� �;�� &7
��?�! MNO 
� M��3�	&� 

 �6�M �&(� � �V%K .�� (� .���� �6�M �&(��!'���� .�� (� .����  Q�
 9�!��Ym
  ]�I�N�L ��) �'(��8�� ����
��(� Q��WN)�� U8�
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