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Abstract 
In order to investigate the effect of barley cultivars on the yield and yield components of grain under rain-fed conditions a factorial experiment has 
been carried out in a randomized complete block design with four replications at Gonbad-e Kavous University Research Field during 2016 – 2017 and 
2017 – 2018 growing seasons. Density treatments of 200, 300, 400, and 500 grain per square meter have been considered as the first, and four barley 
cultivars, namely Fardan, Khorram, Mahoor, and Sahra, have been taken as the second factors. In case of the number of grains per spike and the 
number of spikes per square meter, Sahra cultivar in minimum density and Mahoor cultivar in maximum density have proven to be the best cultivars, 
respectively. The highest thousand grain weight belongs to Fardan cultivar. Maximum grain yield in first and second year of the experiment have been 
obtained from Mahoor cultivars with 300 grains in meter square and Khorram with 200 grains in meter square, respectively. Higher yield in the 
second year than the first one seems to be due to higher rainfall and more appropriate distribution, especially in the reproductive stage and grain filling 
period. In both years, a negative and strong correlation is observed between the number of spikes per square meter and the number of grains per spike 
(r=-0.67 and r=-0.83 in the first and second year, respectively); but this correlation has been positive with grain yield. The highest positive and 
significant correlation belongs to the one between grain yield, harvest index, and biological yield. According to the results, an increase in grain yield is 
due to the increase in both harvest index and biological yield. Finally, optimum density for maximum grain yield has been 200 grain in meter square 
for Fardan, Khorram, and Sahra; and 300 for Mahoor. 
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'

*� ��!"� ��=9 % -�T �`� 
N��� w��/ *� ����  �� 	���(

�?�  ���$4� % *��ob �6�
" `o� �� �)z� 2���" ���(

 
��� ��� !"  	���)Kafi et al., 2000.(  

  

3 .2'�"�"�� �� �	()* ���+, . 

 
' ��� U�;� ������ ��+ %� �7 �� h�����% 
�$K( ^��3�

�	R( &S6 &>( V����3� �� 
 8
+ ��=)y(  ��� ���+ 5��)�

 $=� % �'��( %�7�� �
'  �%	�) &4�9 ���� ��� �� �'��(

3j�� �� .(  .�N+ �� ��� .�N+ 2��<3� 5��)� *7�

�'��( *��!( �� &S6 ��� $=� �'��(  
R1�N����� #�7

*
R� 5�4a3T�  ��� U�;� ������ ��+ %� �7 �� �� #���

 �%	�)4.(  

  

D�&> 2 �*(�H D�Q �� �� G-�$HI �(5>( J�$ �Q�B
(:� N�*8S( .96-95  �97 -96  N&$ N&B)� �10  �"�Q95-85  

   2��	W #��� �=:��=�)C◦(  �Y'�	W #��� �=:��=�  )C◦(  *9	���� l�!K� )mm(  

���  ������ ��%�  5	� 	
 �  ������ ��%�  5	� 	
 �  ������ ��%�  5	� 	
 �  

  95-96  96-97  85-95  95-96  96-97  85-95  95-96  96-97  85-95  

�g�  4/3  3/3  3/6  4/15  4/15  7/15  32  2/11  3/52  

#�  5/2  5/4  8/3  3/14  1/16  8/12  9  8/65  9/56  

�!?�  8/1  6/7  4/3  6/11  18  13  6/94  9/33  6/57  

	
S+�  7/4  6/4  2/5  8/18  8/14  14  6/35  8/78  3/73  

����%�4  8  2/9  9  5/21  22  5/21  2/37  4/41  3/60  

&;?8����  14  1/13  8/13  8/28  5/27  4/30  4/30  4/40  2/47  

U�3� 9 U�3+� *+�
���7 U����+ �� B�83��- ��+ �B%%�' 	8
995 �96  %1397.  
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 D�&>3 �*(�H D�Q �� �� �5=)	* �(.>( � �5=)	* V2�-�(� �-.W� .96-1395  �97-1396 

5�R��� l�!K� )SS (  
df 

 V��
�  

�==s(  

  

HI BY GY TWG NGS NSm2    

84/0 ns 48/49880 ns ns8/6293 92/11 ns 02/2 ns 53/17038 ns 3 -� � 

*"��� ��+  

96-1395  

**78/140 24105ns 
**44/32435 

**34/484 
**74/118 

**2/301687 3 �'��( (D) 

**43/185 92/49289 ns 
**51/41656 

**55/771 
**91/1119 

**34/1011410 3 ��� (C) 

**82/446 18/101480 ns 
**6/60155 

**47/506 48/25 ns 
**63/299505 9 D×C 

23/250 41/358537 23/66020 44/249 22/95 33/201233 45 �NT 

2/7 27/8 81/10 22/7 27/7 14/11  - CV  

) 5�R��� l�!K�SS(     

32/32 ns 71/42531 ns 43/8310 ns 5/31 ns 16/19 ns *62/73838  3 -� � 

*"��� ��+  

97-1396  

**94/261  **85/194447  **92/95889  **84/185  **77/51  *74/82410  3 (D)�'��( 

82/39 ns **65/530621  **67/83629  **05/556  **1/2146  **14/2689445  3 (C) ��� 

**36/169  **76/597635  **13/110643  24/181 ns 25/41 ns **25/341233  9 D×C 

94/254  46/551015  89/99180  38/482  9/168  11/377451  45 �NT 

71/7  62/8  81/11  74/8  14/9  99/15  - CV  

 % * �**ns :*
R� MN+ �� ��� ��!3W�  r� %5 	6��  ��8� %*
R� qa3T� ���% ���.  

NSm2�  |V����3� �� 
 8
+ ��	R(NGS�  |
 8
+ �� 
��� ��	R(TWG�  |(��9) 
�����$7 U�%GY�  |(V����3� �� ��9) 
��� ��� !"BY� �9) *3��� ��� !" |(V����3� �� �

HI� .(	6��) &����� _T��  

  

D�&>4. X5� ��� AQ N�7�5$ Y:	W$ :J��#�$ 5;(: Z6,(5�  �� ��*(�H D�Q �96 -1395  �97-1396. 

 *"��� ��+97-1396   *"��� ��+96-1395   

HI BY GY NSm2  HI GY TWG NSm2 df �'��(  

12/22 ns 
**260641  **47129  **565150   82/5 ns 07/361 ns 

**08/172  *42231 3 200 

76/39 ns 
**436509  **59463  **655665   89/7ns 

*11464  **26/276  **285427 3 300 

**67/120 
**207791  **53853  **874142   

�**85/262  **46356  **9/165  **293038 3 400 

63/26 ns 
**223316  **33827  **935721   

**34/354  **46715  **79/663  **690220 3 500 

�**  % *ns*
R� :  % r� ��!3W� MN+ �� ���5 *
R� qa3T� ���% ��8� % 	6�� ���.  

NSm2�  |V����3� �� 
 8
+ ��	R(NGS�  |
 8
+ �� 
��� ��	R(TWG�  |(��9) 
�����$7 U�%GY�  |(V����3� �� ��9) 
��� ��� !"BY�  |(V����3� �� ��9) *3��� ��� !"

HI� .(	6��) &����� _T��  

  

� ^��3� �� �'��( .�N+ �� ��� .�N+ �=:��=� 
���<

�=� ������� �%� ��+ �' % ���(  �� 
 8
+ ��	R( ���(

 �� V����3�25/989 �62/412  
 8
+
� 0=(�(  ��7�� ����� ��

 �'��( �� ��>6 %500  %200  V����3� �� 
���
� &+�  	��

 ��'��( .�N+ *��!( �� $=� ��7�� % U���4 ����� %


R� qa3T�*  ������ �%� ��+ �� .	���	� U�;� �� #���

 �� ��>6 % ��7�� ����� $=�25/1023 �75/290  �� 
 8
+

 V����3�
� 0=(�(  �'��( ��500  %400  V����3� �� 
���
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�=� �' % ���(  U�;� �� V����3� �� 
 8
+ ��	R( ���(

	����� *1�W��  *��!( �� &S6 ��� #��� ��>6 ��� 
'

3T� �'��( .�N+*
R� qa  % ��T ��� .��	� U�;� �� #���

 �� �� *(%�S3� #�7��34� ������ ��+ �7 �� $=� U���4

�'��(  �%	�) 	
3��� 
R1�N� ���� #�75.(  

Peltonen- Sainio et al. (2006) �=)y(��  #�$�� #��oi

U� 
N��� % ��� !"  
��9 % ��� �*N=>� ����� �==s( �� �7

���!� 	='y(  ��� �� .	���=� 
R1�N�  �� 
 8
+ ��	R( ���(


� �'��( ���(X�� �� V����3�  �%	�) 	�� &+�5
34�� .(  #�7

Nazari & Nabati )2008(  ^��3� �� �'��( �=)y( }�AT ��


� ����� &<��N� �7%ki ��� #��/ �=� $=� U��� 
'  ���(

�=� �� �� 
 8
+ ��	R( ) ��T *+��� ���� �'��( ���(400 

�3� �� 
���
� (V��� 
� 
R1�N� ��� �� .	���%� &+� ��/  * '


K
i U��( �� 
S��� �� ��� 
� &8�� 
S��� %� �����  *��

�=�  ��� $=� 
S��� %� ����� �=� �� % 	���� �����T�� #�(

 
1�+ %� �=:��=� �� ��7��21/832 �=� 
 8
+  ��	R( ���(

*1�W �� .&��� �� V����3� �� 
 8
+ �� ��	R( ��� 
' ��� #�

 ��>6 
S��� ��79/422  �%	�) ��� V����3� �� 
 8
+5 .(

�7%ki �� #��=��  
S��� �� #�7�� 
' 	
3��� ��?v� U��9


K
i U��( 
S��� %� #�7�� 
� &8�� *�� �'  	���� #�(

)Nourmohammadietal., 2010(  �=!7 
� %  V��
� �� 2=1�


� ��� !" 5�8) ����!� ���S3+� #�(	����' ��/ �=�  #�(

) 	����Aghaalikhaniet al., 2011.(  

 �� 
 8
+ ��	R( 5�S6 �=� ������ ��+ %� �7 ��

*:3�8!7 
 8
+ �� 
��� ��	R( �R����3� *S
� )**65/0 - % 
**83/0- 
� 0=(�(  &��� ���% (�%� % �%� ��+ ��

 �%	�)6
� .( *� �,� 
N��� �=
@ & " 	+�  &=6�T #�

��� !" #�$�� �=� *���8�  ���$4� �� 
' 	��� 5ab ��


(�� �=� &���� �V����3� �� 
 8
+ ��	R(  28� �%�K� #�7

�� + 2=�;( ��  #$3
+�34 ���� `o� #��� 29 	1�� #�7


,Wa� 2��� �7�' ~"�� % 
34�� ���$4�   
 8
+ ��	R( ��

U� �� 
��� ��	R( &��?� �� % &+� �	� �7 )Noworolnik, 

2010(
� *:3�8!7 ���% .*
R� % *S  
 8
+ ��	R( �=� ���

 �+�( �� �� 
 8
+ �� 
��� ��	R( % V����3� ��

�7%ki U��9  &+� �	� j��$9 #����)Etesami et al., 

2015; Youssef et al., 2019( .  

  

3 .3�	()* �� � �� ���+, . 

 �?
( ������ ��+ %� �7 �� 
 8
+ �� 
��� ��	R( &S6

 &>(�=)y( % �'��( ���+ 5��)�  	6�� r� MN+ �� ���

 �%	�) &4�9 ����4 % ��� 5��)� �=:��=� 
���<� .(

 qa3T� ������� �%� ��+ �� &S6 ��� #%� �'��(

*
R�  ���� U�;� 
R1�N����� ����� *��!( �=� �� ���


� #��/ 
� ��7�� % ��>6 ��� 
'  �� �=:��=� ��/04/27  %

28/16  
���
� 0=(�( �=� �' % ���( 	R( ���( �� 
��� ��

 2��) 	���� }�A3T� ��T 
� �� 
 8
+1-  �(c1�

�7  �7�' 
 8
+ �� 
��� ��	R( ��'��( ���$4� �� �=
@


� �&4�� #��/ �=� 
' �' % ���(  
 8
+ �� 
��� ��	R( ���(

 �=:��=� ��08/22  %27/18 
� 
��� �'��( �� 0=(�(  #�7

200  %500  V����3� �� 
���
� &+�  2��) 	��1-  .(`

 ��� #%� �'��( % ��� 5��)� �=:��=� 
���<� *+���

 ���$4� �� 
' ��� U�;� $=� ������ �%� ��+ �� &S6

 �=:��=� 
���<� .	� 
3+�' 
 8
+ �� 
��� ��	R( �� �'��(

 ������ �%� ��+ 	
��!7 $=� &S6 ��� #%� ��� 5��)�


� ���� #��/ *
R� qa3T� ��� #�7��!=( 
= ' �=� 
'  ���

�=� .&��� ���% �' % ���(  
 8
+ �� 
��� ��	R( ���(


�  �� �=:��=� ��/28/30  %29/14  �%� ��+ 
��;� 
���

 ������
� 0=(�(  ��7�� % ��>6 ����� ��
� &+�  	��

 2��)1- �=� .(�  
 8
+ �� 
��� ��	R( ���( �' % ���(

 �=:��=� �� $=�33/22  %15/20  �%� ��+ 
��;� �
���

������ 
� 0=(�(  �'��( ��200  %500  V����3� �� 
���


�  2��) 	�� &+�1-  .(�  
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34�� �� ^��3� ���  #�7Bavar  )2008
' ( &��� ��?v�  ��

 ��� ���$4� V����3� �� 
 8
+ ��	R( �&��' �'��( �� ���$4�

*� �7�' 
�����$7 U�% % 
 8
+ �� 
��� ��	R(  xa��' �	���

�7  .&��� *���T.Ahmadi et al )2012 ( 	���' j��$9 $=�


(�� �=� &���� �
(�� �'��( ���$4� �� 
'  �� ���S3+� �+ �� #�

*� ���$4� ��� % *��ob ���� �`� 2��� *N=>� V��
�  �� 	���

 #$3
+�34 ���� 	=1�( U���� % V��
� ��� �� 
(�� �7 �?+ 
K=3�

*� �7�' 
 8
+ �� 
��� 2=�;( % �7 �	��� ���$4� �=
@ 


� �'��( 
� 8
+ �=� &���� ���$4� 2=1�  q�A� �� �7

5a!=+� *� 
 8
+ �� 
��� ��	R( �7�' 
� �K
� �7  .���

����  �%� ��+ �� *9	���� U�$=� 
' ��� U�;� *+�
���7 #�7

) ������5/271 * =�  �%	W (�3�33 * =� �=� �3�  ��+ �� �(

) �%�8/238 * =�  ����� �� �7��!=( % ��� (�3� #�3?� *N=>�

�=� �o1 �	
3��� ����  #��� *��ob V��
� % `� *!7��4 U����(

 ���$4� 
� �K
� U�7�=9 	��66/5  �� 
��� ��	R( #	6��

 ������ �%� ��+ �� 
���<� �� ������ �%� ��+ �� 
 8
+

 �%	�) 	�2  2�� %1.(  

3 .4 ./� .� ����0� 

� U�;� ������ �%� ��+ �� h�����% 
�$K( ^��3� 
' ��

 $=� % ��� % �'��( ���+ 5��)� �=)y( &>( 
�����$7 U�%

�7��  &4�9 ���� 	6�� r� MN+ �� ��� �� �'��( �
'

 �%	�)3j�� .(  �'��( �� ��� .�N+ 2��<3� 5��)� *7�

�'��( .�N+ 
= ' �=� 
' ��� U�;� $=�  *
R� 5%�S(  #���

 �%	�) ���� ���%4=� ����� �=:��=� 
���<� ^��3� .( $

*
R� qa3T� ���% �'��( 
= ' �� �� ����� �=� ���  #�7

�=� .��� U�;� 
R1�N����� �' % ���(  
�����$7 U�% ���(


�  �� U���4 ��� �� 0=(�(08/39  �'��( �� ��9200  
���

 �� ��T ��� % V����3� ��67/20  �'��( �� ��9500  
���


� V����3� ��  �%	�) 	�� &+�5.( U�% �7�' ��� 

*� ��T ��� �� 
�����$7  ���� *9	=���T 08+ 
� 	���(

 ��%� */ ��'��( ��� �� ����� ���+ �� 
���<� �� ��� ���

 ���� �	K� ��<3�� �7�' 08+ 
' 	��� 
��� U	��i

��=Tg ���	�� ^��3�) &+� �	� 
��� 
� 
��+ �� #�  #�=9

.(&+� �	��=� *9	=���T  

  

     
  

     
 J=
1� N(5;( [1\2�1$ �
-�#$ . �*(�H D�Q �� �� �)0BQ �� �2(� �(&7� 5� 6?� � 6,(596 - 1395  � (] � ^"()97 -1396 .(� � _)  

���2 K5��$ `�5+)  �:$HI /�Q( 5� ����	1� [1� �(� �B7$ `8�L( �:>� 4&* �&B��LSD .(<Q(  
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 D�&>5Q �� �� 6,(5� Z:AQ �� :> 4�?�( [1\2�1$ �
-�#$ . �*(�H D�97-1396  �96-1395 

*"��� ��+97-1396    *"��� ��+96-1395  

HI BY GY NSm2  HI GY TWG NSm2 ��� �'��( 

29/33 a 1255bc 14/418 b 22/416 b  01/34 a 56/381 a 08/39 a 47/494 a U���4 

200 
71/34 a 1540a 31/537 a 6/798 a  08/35 a 53/371 a 4/38 a 42/535 a ��T 

44/31 a 1375b 47/431 ab 2/713 a  55/33 a 03/369 a 36/37 a 27/541 a ��7�� 

74/32 a 33/1210 c 43/396 b 15/358 c  66/33 a 32/372 a 84/30 b 62/412 b ��>6 

1/31 b 25/1110 b 26/344 c 75/397 c  24/33 a 44/347 b 85/37 a 27/524 bc U���4 

300 
3/35 a 75/1328 b 2/469 ab 75/684 b  71/33 a 26/377 a 02/35 a 45/590 b ��T 

98/31 ab 75/1538 a 66/491 a 61/848 a  99/34 a 9/416 a 3/30 b 86/845 a ��7�� 

34/32 ab 1174b 24/380 c 45/361 c  64/34 a 37/356 b 09/27 b 9/509 c ��>6 

53/24 b 1180bc 22/288 c 45/351 c  31/26 d 96/265 b 97/35 a 2/436 d U���4 

400 
47/30 a 1219ab 12/372 ab 77/556 b  06/35 b 15/376 a 22/34 a 75/603 b ��T 

8/31 a 1350a 6/428 a 1/889 a  55/37 a 43/405 a 31b 17/807 a ��7�� 

42/28 a 31/1030 c 83/294 c 75/290 c  25/31 c 68/348 a 29/28 b 57/540 d ��>6 

33/30 a 1278ab 23/387 b 25/519 b  87/29 b 5/317 b 37/38 a 32/461 c U���4 

500 
78/29 a 1125b 01/302 b 75/574 b  12/23 c 34/240 c 67/20 d 32/766 b ��T 

2/28 a 81/1432 a 53/427 a 25/1023 a  95/34 a 66/392 a 53/29 b 25/989 a ��7�� 
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