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Effects of plant density on yield and agronomic traits of
sunflower cv. Armavirsky under dryland condition in Maragheh
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21028.33134.3110736.45.345.8A1 B1
513.729.7245.3109.3807.96.858.3A1 B2
480.727.3226110.381.38.68.168.5A1 B3
250.926.7112.7108.380.78.87.366.8A1 B4
429.331199.7111.380.38.27.571.4A2 B1
35029173.7109.778.78.18.667.6A2 B2
33030.3237.711080.79.87.874.9A2 B3
18428.3129.3110.381.38.87.268.23A2 B4

A11A2i$�* ��+�� *�	�� �� %,�� -�&}9 1 S9%"� �������" .

B1 FB2 FB3 1 B4 *�	�� �� TH -1* � (� ��+�� q� �  �� `9 F`; FI9 1 I;%"� �������" .

A1 and A2 are 40 and 60 cm row distances respectively.

B1, B2, B3 and B4 are 20, 25, 30 and 35 cm plant distances respectively.

 /1	A`~ i$�* ��+�� 2����� )��Z� -����� �"*�� �*(� )�=+ �������  ×� (� ��� ��+���1� /�" *� �&:IJ\

Table 2. Comparison of different mean for interaction effect distance row (A)* distance plant (B) in 1999
���� ��X���

Grain yield
(kg/ha)

& �!1 *�C
����

TKW 
(g)

 ���� ��	D 
@
0 *�
Seeds 

per head

 !1* ��	D 
�'	�"* � 
Days to 
maturity

  !1* ��	D 
�&	�' � 
Days to 

flowering

�4�" �64

Stem diameter 
(mm)

@
0 �64

Head diameter
(cm)

� (� >�= *�

Plant height 
(cm)

2����� �Z�
A × B

Interaction 
effect A × B

325.435115115.384.795.369.3A1 B1
333.328.799.3118.387.7105.378.7A1 B2
483.737187.3118.387.710.76.777.3A1 B3
381.731.7221.7114.38111775.7A1 B4
345.733.7142113.3839674.3A2 B1
356.725.3248.3117.787.7106.768.3 A2 B2
34137.7192.7115.38511.7776.3A2 B3
22336.31481148110.37.390A2 B4

   ���� q��� �$CM  y$���       �*(�� )�=�+ �� w(��� -�&

�D��6�)/1	AI (          /��" ���� ��� %�"� �� !� ����  -��&

    )�=�+ �U� !� N$��!� -��A� :     F@�
0 ��64 F�� (� >��= *�

            ���D� Ok��H� ����� *�C�& �!1 1 �4��" �64   �(�A1 -*��

 1� *� �$�(��& 1 [� T$����, Ok���H� !� ���,�� ���� �*��

   �� N$��!� -��A� /�"	,��.     ���+�� i��j� �(6" ���

 i$�* ���        �*(�� )�=�+ !� #�$ ��& �U� !� %,�� -�&

  ��D� Ok�H� �D��6�  %,�	� �(A1 -*�� .    �(6�" ��� ���
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  � (� ��+�� i��j�    )�=+ �U� !� i$�* -1* *� �& :  ��64

                F�'	��"* 1 �&	��' ��  �	�, C
�" !� !1* ��	�D  F�4�"

               ���D� Ok��H� ����� *�C�& �!1 1 @�
0 *� ����� ��	D   *��

 %,�� �(A1 . 3�&             ���� ���+�� 2������ ��Z� )1��=   ����z

  i$�* ×  � (� ��� ��+��        ���& �*(� *� i$�* -1* *� �&

     ��D� F�D��6� �*(� )�=+ !� #$       ��$� ����� 	�$���� *��

  i��$�* ����� Ok���H� ��(��� ���?��� ������$��� F����� -���&

� (� ��� ��+�� i��j� �(6" *� %,������ �&	,��.

 /1	AI~� (� ��� ��+�� 1 i$�* ��� ��+�� )��Z� q��� ���$*�1 �$CM  y$��� i$�* *� �&

���D��6� �*(� )�=+ -1*

Table 3. Commbined analysis of variance of distance between row and plants on agronomic traits
��X���

����

rain 
yield

(kg/ha)

*�C& �!1

���� 

TKW 
(g)

 ��	D  ����

@
0 *�

Seeds per
 head

�  !1* ��	D 

�'	�"*

Days to 
maturity

  !1* ��	D 

�&	�' � 

Days to 
flowering

�4�" �64

Stem 
diameter

(m m)

@
0 �64

Head 
diameter

(cm)

� (� >�= *�

Plant 
height
 (cm)

df)����<  P����S. O. V. 

6142.7374 **658042033644.1 *11 **1800.8 **1/�"Y
49611.412.22561522574.27.20.20843.84��
�,�Error
33022.556.328211.30.192.17.5690.11i$�* ��+��A

4543.5482142016.3 **17.51.30.188114.11 /�" ×i$�* ��+��Y× A
5400252.5 *46207 **10.3 **37.7 *10.6 *3.91366.8 3� (� ��+��B
57449.288.736236 *13.5 **37.40.141.4117.73 /�" ×� (� ��+��Y× B
4245530.7111683.211.21.1420.2128.33 i$�* ��+�� ×� (� ��+��A×B
92930.438.4120860.7215.90.390.799205.83/�"×��+��i$�*×��+��� (�Y×A× B
56428.827.5114861.310.43.32.94254.728��
�,�Error

16.4117.2814.151.013.9319.8124.8922.36 )����<  q$�YC. V. %

������� �5$��� 2+�(� -��� �D��6� �*(� )�=+ -�&

i$�* i��j�%,�� -�&) /1	A} ( �$� �� ��� ��?�

i$�* i��j� 2+�(� ��� �� %,�� -�& )�=+ �U� !�

�D��6� �*(�) �  �	, C
" !� !1* ��	D  !� ��L ��

�'	�"* (��D� Ok�H� N$�C�� �� ��� F�*�	� �(A1 -*��

i$�* ��� ��+�� �� %��4* N&�� %�� �� F%,�� -�&

�c� F*(� F%�(0* F���RL ��(� q5� �"1 .. )�=+

 ���� ��X��� 1 @
0 *� ���� ��	D  !� ��L �� �D��6� �*(�

!� 3� i$�* ��+�� �� %
5� -��
� %�DY1 

	�*��*(H�� .�$� �A(  q��A ��X� ��+�� N$�C�� �� ��

i$�* ��� ��� N&�� @
0 *� ���� ��	D  F%,�� -�&

�� N$�C�� ���� *�C& �!1�X��� 1 	��$ . N$�C�� �� ��$!

i$�* ��� ��+�� �& -�c� N$�C�� %�� �� %,�� -�&

Fv��"� *� %�(0* C�� 1 � (�����  2�X?  �'*C� -�&

�� ���� *�C& �!1 N$�C�� �� �M�� %$�
� *� �� 	�(,

�����' . %"�  -*1���$ �� �!s ���� ��X��� �*(� *�

 /1	A}~i$�* ��� i��j� 2+�(� -����� �D��6� �*(� )�=+ ������� %,�� -��&

Table 4. Comparison of different mean in different distance between rows
 ��� ��+��

%,�� -�& i$�*
Distance

between rows
(cm)

>�= *�
� (�

Plant
height
(cm)

�64
@
0

Head
diameter

(cm)

 �64
�4�"

Stem 
diameter

(mm)

!1* ��	D 
�&	�' � 
Days to

flowering

!1* ��	D 
�'	�"* � 
Days to
maturity

���� ��	D 
@
0 *�
Seeds 

per
head

�!1
���� *�C&
TKW 

(g)

 ��X���
����

Grain
 yield

(kg/ha)
40 67.58 6.5 9.04 82 113.04 188.67 29.29 372.45
60 75.17 7.29 9.46 82.13 115.83 173.33 31.46 320.54
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i$�* ��$ ��?�� ��+�� *� �� F%,�� -�& �(A1 ��

�$�� � (� #  ��X��� �� � F���� %��4* %��

�C���� N$ N&�� �� �� �$� 2��� �� ��1 	��$

 N$�C�� m6" 	��1 *� � (� ��	D  Fi$�* ��+��

�� C�� m6" 	��1 *� ��X��� ��C�� �R� F	��$

�� ��?���(,.

 �� �5$��������      2+�(� -��� �D��6� �*(� )�=+ -�&

      i�$�* -1* *� �� (� i��j�)   /1	�A; (      ��� ��� ��?��

 )�=+ ������� :      F�4��" ��64          ��  �	�, C
�" !� !1* ��	�D

            ����� *�C�& �!1 1 @
0 *� ���� ��	D  F�'	�"* 1 �&	�'

   � (� ��+�� i��j� �(6" *�  Ok��H� i$�* -1* *� �&

����D� �$��?���� ���� -*(��0 ���� F	���*�� ��$	��X$ ���� -*��

���������      i��$�* -1* *� ��� (� ����+�� ���� w(����� ���&

I9 �� �������"	�,�� .  )�=+ �*(� *� :   F�� (� >��= *�  ��64 

    ���� ���$� ���� C���� m6��" 	����1 *� ������ ����X��� 1 @��
0

�������  ��D� Ok�H� �&         ��� ���1 	��*�	� ��$	X$ �� -*��

   ������� �$��?�� �(A1 �$�          *� �� (� ���+�� ��� w(���� ��&

   i$�* -1*I9  �� �������" 	�,�� .      ��$ N$�C�� �� ��Y *�

  !� i��$�* -1* *� ��� (� ����+�� N&����I9 !� ���������" 

� ��C���������� ��"�� �&�(,.

 /1	A;~i$�* -1* *� � (� i��j� 2+�(� -����� �D��6� �*(� )�=+ ������� 

Table 5. Comparison of different mean in different distance between plants on rows
� (� ��+�� -1* �&

i$�*
Distance

between plants
(cm)

 >�= *�
� (�

Plant 
height
(cm)

 �64
@
0

Head 
diameter

(cm)

�64
�4�" 

Stem 
diameter

(mm)

 !1* ��	D 
�&	�' � 
Days to 

flowering

 !1* ��	D 
�'	�"* � 
Days to 
maturity

 ���� ��	D 
@
0 *�

Seeds per 
head

 �!1
���� *�C&

TKW (g)

 ��X���
����

Grain 
yield

(kg/ha)
20 65.17 6.08 8.08 80.25 112.5 143.8 29.5 327.67
25 68.33 6.92 8.92 83.5 113.8 190.3 28.17 388.5
30 76.75 7.33 10.17 83.67 113.5 264.6 33.08 408.83
35 75.25 7.25 9.83 80.83 111.8 125.3 30.75 259.92

LSD 5٪ ~ ~ 1.53 ~ ~ ~ 4.389 -

        i$�* ��� ��+�� 2����� )��Z� 	�z �& ×   ���� ���+��

� (��&)  /1	AS (       ���D� ��D��6� �*(�� )�=+ -1*�� *��

         �� ��X��� �$��?�� F�(A1 �$� �� ��� �(
�`/}\`  ��'(��� 

         *����  ��� w(���� *��X& *�a1b3)        i�$�* ���� ���+��}9

  �������" ×         i�$�* -1* *� �� (� ��� ��+��I9  ��������"  (

 %"� ��(�)  2X,: (   �� ��?� /1	A �$�  	&�   ���  �(�A1

  Ok�H�            ��?��� Fi���j� -��&*���  *� ����� ���X��� *�

 �!1 1 @��
0 *� ������ ��	��D  *� Ok���H� �(��A1 !� ���,��

%��"� ��(��� ������ *�C��& . ���� *(��0 �����& /1	��A ���$� *�

  ��� �U�k�          i�$�* ���� ���+�� *� �(�,}9     ��� ��������" 

      �  � (� ��� ��+�� N$�C��I9      	���1 *� ��X��� F�������" 

    ��� N$�C�� C�� m6"   ��� 	���$         3����  ����
� ��6�� ����& 

           !� �&���' N,(G q"��� ��C�� ��$� )*�
� �� 1 �&��'

  ��j
  ��!�(� �U�–           ���� ���+�� N$�C��� ��� ��1 %"� ��D 

� (�      !� N��� �� �&I9         N&��� �*���1� ���X��� F��������" 

��	��$ .     i$�* ��� ��+�� *�S9       N$�C��� ���� C�� �������" 

  � (� ��� ��+��     Fi$�* -1* *� �&      N&��� ����� ���X���

��       *� @�
0 ��	�D  N&��� !� ��,�� N&��� �$� �� F	��$

              *� ����� ��	�D  1 @�
0 �64 ���"1 �� �� %"� m6" 	��1

��� ���
A @
0�(,.

           @���7  ��$� y$���� v��"� �� ��� *(0 ��   1     ��A(  ���

       ���D� Ok��H� i���j� -��&*���  ��� �� �$� �� !� -*��

     �� �R� F%,�	� �(A1 ��X��� �U�  ���+ *(U��    *� �$(�A

       %��(0* ��?��� )��=�  !� -��'(��A 1 ���l� *R� ��C��

    p��H *� �	, ���Hr)       ���D  1 ���j
  @�$�0 !�(  3����  F

}JS:8     i��$�* ����+�� N��$�*� ���� *����X& *� ��� (� S9
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 /1	AS~ i$�* ��+�� 2����� )��Z� -����� �"*�� �*(� )�=+ �������  ×� (� ��� ��+���&JJ ~:IJS

Table 6. Comparison of different mean for interaction effect of distance row (A) distance plant(B),

Maragheh 1998-1999
 �Z�

2�����
A×B

Interaction 
effect A×B

 >�= *�
� (�

Plant
 height 
(cm)

 �64
@
0

Head 
diameter

(cm)

 �64
�4�"

Stem
diameter

(mm)

 !1* ��	D 
�  �&	�' 

Days to 
flowering

 !1* ��	D 
�'	�"* � 
Days to 
maturity

 ���� ��	D 
@
0 *�

Seeds per 
head

 �!1
���� *�C&
TKW 

(g)

��X���
���� 

Grain yield
(kg/ha)

A1 B1 57.5 5.33 7.67 78.83 112.7 123 26.67 267.8
A1 B2 68.67 6.17 8.83 83.83 113.8 173.7 29.17 423.5
A1 B3 72.83 7.33 9.67 84.5 114.3 299.2 32.17 482.2
A1 B4 71.33 7.17 10 80.83 111.3 158.8 29.17 316.3
A2 B1 72.83 6.83 8.5 81.67 112.3 164.7 32.33 387.5
A2 B2 68 7.68 9 83.17 113.7 206.8 27.17 353.5
A2 B3 80.67 7.33 10.67 82.83 112.7 230 34 335.5
A2 B4 79.17 7.33 9.67 80.83 112.2 91.83 32.33 203.5

 2X,:~ i$�* ��+�� 2����� �Z� *��(�� *���� ��X��� �� i$�* -1* � (� ��+���L��� 3$� T$��, *� ���������� 

Plant distance on seed yield of sunflower × Fig. 1. Interaction effects of row distance

In dry farming condition-Maragheh

 ���������" *� ��� (� ����+�I; 3��$� %����*! -����� ���������" 

           @0���� 1 ��L��� ���6�� *� �X"�$1��*� 34* ����������

  �� ��+(  ���?��(, .           ��� �1k�� F%�,�� N�$�*� ��$� ��

    �� F���� *R� ��C�� O�l�        C��� 1 %�,�� )������ ��( 

 i�� /���� �C����X� )*(+ �� �* !�& -�& ��� ���M��  .  ���

  i�� �X���X� /����         ��� F%���4* N&��� ��Y !�& -�&

 ��(� ��5X,           )��=�  !� F����*! 2l�� �0 *� ���(� -�&

�� ��"�� ��j
  @$�0 !� p�H ���(0*�(, .
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����Y /1	A ~ ���*! 2l� �"��,�(& )��k0� *��� J\ ~:IJJ�L��� 3$� -!*1�?� )����7  ����5$� 

��� �'	�*��

)�.�(

�@�6� -��

 24�	���t��	

T"(�� -���

    24�	��t��	�  

 T"(��

)*��� �A*�

-�&!1*

��	�
j$

 T"(��

%�(0*

��j
 

)�.�(

�
�99`SI/;J/`:J/:`9:/}I:J;

 ����;/:J`~`:}/:J/:S`/\S}`;9

 *r�`/::J~:\J/9~J/::J/}:J\/;8~

 -�J/;8;/:9~;/88/}~:/IS/:~`8\/J`~

��
�;/`J;/:I~;/8S~\/IJ/:~`\\/S;~

	�="�8/`I;/\~;/:;\/}~\/\:/:`J\/}8~

 �$�*1��J/}J;/S~;/:8:/9~`/:I\/;:S;S~

%?

$�*�J/J;/I~;/`;I/;J/`9;/:`:}J`:`

����H\/9:~I`\/:9`\:8:S/I`;/I:J

 �� S/;;/8I;:/:IJ/`8}/`:9\/I`IJ\

�����8;/:`IS8/:S:/I:J/`I9I8;/I8\

*($�
,9JI;S/::8/`\`99I/;\;/I9;

A ����Y /1	 ~ ���*! 2l� �"��,�(& *��� J8 ~:IJ\�L��� 3$� -!*1�?� )����7  ����5$� 

����'	�*��

)�.�(

@�6� -���

     24�	��t��	� 

T"(�� -���

    24�	��t��	�   

T"(��

���

 -�&!1* ��	D 

�=+ �$!

	+*�

�
5� %�(0* 

��j
 

)�.�(

�
�`/`;/:~;/`J9\/S}/``;/:I::/I\:J9

 ����`/IS;/S~:8`/9~;/::J/}:JS;;/:\

 *r�;/`J;/:I~:}J;/}~;/;S/9~`ISJ~

 -�``:J~;/:}:/S~}/}J/:~`\}/;8~

��
�\/}9:\~\/S:/8~}/:S/}~I98/SI~

	�="�8/:8::~;/:}:/;~}/S9;/9~`\}/;`~

 �$�*1��J/S`;/I~S/`I\/:`/:;\/J::I/}J~

%?

$�*�;I``;}/SI/`9J/:`9I/;`:SJ

����H9;/}`/II`/8`/`SS/:J9J/}9I9J

 �� }/98S/I;`/:;\/I:I/`I9ISI8:

�����9:`IS8/:;I/I`S/`I9I}S/`I

*($�
,9;/SS/I``/::8/`\S/:899:/I}S/:8
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A.
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?� �&��?��� ��
A.

��0� � F�.:IJI . 3$� T$��, *� ���������� -1* �� � (� 3���  �Z� �"*�� .  1 %���*! �(�� ����� ���(" )s��� �	�Xz

���$� )� �
� �k+� .C$�
  ���?���.

 - F �,�� .:IJI .���������� -W(�(�X  1 �(�� . )*�?������� 1 �
�G 2� �*���-!*1�?� )*�!1 ��L1* -�&.

1 F 2��+� �c���� .:IJJ .      3��$� ������������ ����X��� *� ��������, �(��� �$������ ���Z� ���"*�� �$���
� �?��&1�G a*�C��'

)�X"�$1��*� 34* .( %
Z �*��,}98/JJ. 

 � F	�1k4.:IJJ .���   �"*�Q +�(� ��Z��    ��C�� 1 %,�� w(6H 2    X��� �� *R� i��j� -�&  �$(" ���� ��) C����$1 34* .( ��M�

	�A F���$� ���*! �(��:�*��, F: .���$� )� �
� �k+� 1 %��*! �(�� ��M��.

� F-	�7�.:IJ\.i$�* ��+�� �Z�1 %,�� -�&3$� T$��, *� (A ���� ��X��� �� *R� ��C�� .	�A F*R� 1 /�
� ��M�: F

�*��,: .�bR� 1 /�
� ��
  1 �k+� )����7  �5"*.

Stewart, B. A., D. R. Nielson. 1990. Irrigation of Agricultural crops. Madison, Wisconsin . USA.

Vijayalakshmi, K., N. K. Sanghi., W. L. Pelton and C. H. ���Anderson. 1975. Effects of Plant Population and Row 

Spacing on Sunflower. Can. J. Plant Sci. 55: 491-499 . 

Archive of SID

www.SID.ir


