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Abstract  
To investigate the effects of row spacing and nitrogen application rate on growth and yield of quinoa, a split plot experiment has been 
conducted in a randomized complete block design with three replications in Sabzevar during 2018. The studied factors include row spacing 
at three levels (25, 50, and 75 cm) and nitrogen application rate at four levels (0, 50, 100, and 150 kg N ha-1). Results show that the highest 
content of photosynthetic pigments, panicle length, number of seeds per plant, and biological yield belong to 150 kg N ha-1 treatment. 
However, the 100 kg N ha-1 treatment has had the highest number of panicles per plant (19.24) and 1000-seed weight (3.51 g). More row 
spacing has resulted in more chlorophyll contents, plant height, number of panicles, panicle length, and number of seeds per plant, but less 
1000-seed weight, seed yield, and biological yield. The decrease in seed yield by increasing the row spacing to 50 and 75 cm has been 18.62 
and 50.14%, respectively. The highest seed yield (6644.5 kg ha-1) has been produced via application of 150 kg N ha-1 at a row spacing of 25 
cm. With increasing row spacing, nitrogen requirement to produce maximum seed yield declines. Thus, the highest seed yield in 75, 50, and 
25 cm rows spacing are produced with the application of 50, 100, and 150 kg N ha-1, respectively. According to the results, the application of 
150 kg N ha-1 and row spacing of 25 cm is recommended for planting quinoa, Sajama genotype. 
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� � C��

�$ C�D��. �+ ��8  
(�@�
� i�� ���7�j  ���� �� �10  *��

 
�`�� �� ..��N C�D��6-4 �` v�� ��  �% :��� �`)

12  �13  w� ��BBCH (�'( C�D�� *� x1 � -�  )T	;

� 
���� Q 
;�� �� �� �98 ��
�  
�10 �#��� �@�� �#�
P 


.����( . *�9 8�9 �4 *� �$� :�� ��4 ��
r a� Q 

#���  ��#	%�$.  

 
�*�� ���	�
��� �Ng
� � 8�9 @
"�6�
)T 
�`�� ��  

'e �8 
��� !�$ 
��'� 
� C��7� )�9 �����8 v�� *� �98 


E��; q0��% ��7�� 
#��
� 
;��  �9�$
��'� . �98  v��

����0�
 � �� !"��# ��
s �� 
� � �'D	�
�@ 80-  
a��

#���� N��� .���$ :�#	� �*���� �@ S�� 8��#R� 8� N 8�9

 i�� �� 8@#	��#�Lichtenthaler (1987)  .�$ C�D��1/0 

 �� v�� �*�; .��� C�N15 �� �  !�#�� �# 680  ����

�� 
��  ��� ���� hj�% �� :��` ���R� � �$�$ .

���R� nha 
� �9 }�� ��4 �� 
��N��a ��4  8�92/663 

����% 8��� �#����� : a )8/646  : ����% 8��� �#�����b  �

470  8��� �#������	;���% �#��#���#&/�� ^��; �9� c

)Beckman, Fullerton, CA, USA �� .�$ .c��7 (

����� *� ���M#�� �� .
�K�  �
* 8�9� !�@ ����% :a  )b  �

c�	;���% �9� �� � 5�`��  
��'� �; !*� C�N �� C�N

.�$ 
A��R�  
Chlorophyll a = (12.25 A663.2) – (2.79 A646.8) 
Chlorophyll b = (21.51 A646.8) – (5.1 A663.2) 

Carotenoides = (100 A470 –1.8 chl.a–85.02 chl.b)/19 
  

: ����% 8��#R� s'a *� :% : ����% 8��#R� 8�9a 

 �b 
� .��  .��+�� 
�`�� �� N�� � @
"�6�
)T 10 

�
�� *� 
;�� � 8�9 ���  -�% �9
� ����; ��4�  n�k#��

-�M� �  ���E; )
;�� [�M;����& ��1  ��4 � 
;�� ��

��& ��1 ���� !+ ���*���� �9 .�$ 8� N  
� C��7� x/�

*����a8 
���  �9
� ���	� E;  Q  
;�� �� 
��� ���E;�$.  

  

 F�/,1�:�4� . ��� =&D4@� 
 �&	&��4  H�BI4�#8J K�#  

f ��#1 �M�� !"��# �  w� .� � Q$ �6+ Q��% T.N.V EC 
pH  2�e .���  r'(  

(cm) (mg kg-1) (%)  (dS m-1) 

148 4/5 033/0  14 30 56 35/0 5/14 04/4 2/8  �	$ C�6  30-0 
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���8 �*���� � ��&�'( � 
��� ��&�'( 8� N "�6�
)T 

�� 
�`�� �� N��  �� )���R�s����#�  x1 -�% �9 *�

$�` �h` *� 
 
� * GF� *� :��% ��4� Q  � .$����


� -�� 48 ��� �� !�+ 
� .(��8 70 #��� 
a������N 

 :�#	��$*����a 
� C��7� x/� .8  � P�% � ��% *� 
���

*�;
Q !+ �9�$ .��4� n��#`� �� 
��� ��&�'( .12 

 ��&�'( .A�� *� .$���� de�$ .�$ 
A��R� ����

� ��&�'( 
� 
��� "�6�
T ��� .�$ 
A��R�8 E;  Q  !*�

�@9
���� ���&; 
� )200 �;�
 �9�h� *�8  �9 
� |����

; ��' *�; � i��'$
Q �$.   

� x��
��� 

@D; ���

� � S�� Q ����  *� ���M#�� �� �9

�� C ��@��SAS   
k��)3/9 (r��F� � �
	����	L !��*+ � �8 

 ..��N C�D�� Q&������a �9 
� �9����'� �  T'%

C��  8�9��@��Word  �Excel ��; f �$.  

  

3��� 	 ��
�  .  

3 .1� ��! � . "#�$%��& "
�  

 : ����% 8��#R� �� !"��# � ���� ����� ���a : ����% )

b�	E� � c�	;���% � :% : ����% )  ���a) �$ ���2 �� .(


���S�� 8��#R� )!"��# � ���� ����� P
�@��  8�9


� ).��
 P
�@�� 8@#	��#� 8��4  
%f% �; 8��#R� Q


 : ����%a ) : ����%b �� � c�	;���% � :% : ����% )

 � (�9�$) !"��# � ���� C�( ^
��$P � �; �� !+ Q


 ���� ��' ;150  ��9�,� ��#&9 �� !"��# � C�N�� %

�	E� -��M; .�$  3�F� Q � 8���100  �150  C�N�� %

 : ����% 8��#R� �� 
F��� �� !"��# � ��#&9 ��b  �

 ���a) �,� ��9�,� :% : ����%3.(  

� !"��# &,; �� : ����% ): �� �$�
,�  � .e��

�;��1 Q N 9�� 
� � ���� .6�e� 	� ���'9 @
f �@a� *�8 

���� ����% !�'#e�� :  .��)Saidi Goraghani et 

al., 2014 : ����% �� ��0( .(a ��#e�� �� !"��# � )

 : ����%b �� ���#�� x1 )���� .%�$ @ �  �� ���

 ���� ����� P
�@��
���S�� P
�@�� )!"��# �  8�9

 : ����% 
�'a *� 8@#	��#�a  �b  ��#e�� ��

����� .�$�� 
#$�� ��a� 8@#	��#�  !+ *� �%�` @ � �9

�� ��	( Q
� Q �t; 
% .��  P
�@�� : 6� ����;

) �$�� v�� : ����%Mohammadi et al., 2011 .(4� 


T ����� N �� ��  ��9�,� 
��e�$  Q �t; 
%

� !"��# � w����� *� N �� ��'; ��� ; �9��'8 ��%8  *�

	��6+ s�� $ � ' ��
 �@�� 
� �D	�
P �	E� ����% ��� : 

a  �b ; 
� .A�� ��' �$�9 �$ (��% ���� C�() 

)Omrani, 2015.( �
%�D�+*  8��#R���%�c�	; �  ��

� !"��# �#�� |�A;�� f �@�� �� )����
P � !�@ � )!"��# 

� �����
Q � f9 .M��@�
P �� ���
 )Yousefpour et 

al., 2014 ��&6�� 
� ���;� r
�4 *� �9� c�	;���% .(

x&�/'% : &,; �� ): ����% �	 �;��1 �g
� 8�9

: ����% - f#� ��#� �� � c�	;���%I  �II �,j 8�9

�� .%��,� � c�%0 ;) �		%Kopsell et al., 2007 .(

� !"��# � 8��% 8�9��' ; 
% .�� ��$ i��@N 5A


���S�� �
���� P
�@��  : ����% 8�9a : ����% )b  �

v�� �� � c�	;���% �� �@�% �� N 8�9  ���$

)Mohammadi et al., 2011.(  

�	E� ��� .$�% �
�� 
����  �� 8�����#R�8 

����% : a : ����% )b � ����% :  :% ��� ).$����#R�8 

� c�	;���%  ���a) ���� ���7 � �t; .R; ��2 �� .( P
�@��

 : ����% 8��#R� ).$�% f%��; P9�% � �
�� 
����a )

 : ����%b 
� ).��
 P
�@�� :% : ����% � 8��4  
%

P � �; : ����% 8��#R� Q
a : ����% )b  :% : ����% �

 �
�� 
���� ��75  �f% �; �
�� 
���� �� !+ Q
25 

�#���  �#�
� .�� �	E� -��M; .��+  
���� Q � 8���

�
�� 8�925  �50 �#���  8��#R� �� 
F��� �� �#�

 ���a) .$��� ��a� v�� : ����%4.(  
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 F�/,2. D9�4� �'�4M5� �4:����� =&D4?3!34C  �C4?3!3=�3# :&�� )&'3- 5 1<�N# O3$2 ��&�?�(� �� �<��= �41  

s��	� -��  l;  

a�� 
8��*+  

-�E��� Q S�� � 

 : ����%a   : ����%b  :% : ����% ;���%� c�	  
;�� [�M;�� 
;�� �� ��& ��1 ���E; ��4 ��& ��1 ���� 

2���  2  ns063/0  *32/1  *87/3  *077/0  ns54/9  ns88/0  ns21/9  
 !"��# � �����(A) 3 

**918/73  **32/5  **83/118  **163/51  **89/918  **55/38  **43/34  
 8�Fea  6  066/0  20/0  76/0  014/0  13/4  23/1  80/2  

�
�� 
���� (B) 2  *347/0  **24/0  **16/1  ns071/0  **57/80  **71/27  **95/13  

AB  6  ns004/0  ns01/0 ns01/0 ns002/0  *80/15  ns22/2  ns82/0  
 8�Feb  16  061/0  02/0  14/0  036/0  64/5  56/3  75/2  

-��  l; 5
�m (%)  05/2  21/3  29/2  14/1  27/3  92/10 91/10 

ns:** � * * ��  Q&�(��-.# (&R �'� S�B' � >�-.#  F�	�0' T$2 �� �'�5  �1 ./���  

  
 F�/,3. �?�(�&5 >(%# �'/"# (;' +&U5�&# �
4�"#  (��:�4� = ���&D4?3!34C  �C4?3!3=�3# :&�� )&'3-  

!"��# � ����� 

)kg ha-1(  

Q S�� �  

 : ����%a  : ����%b  :% : ����%  � c�	;���% 
;�� [�M;�� 

)cm(  
��& ��1 ���E;   


;�� �� 

��1 ��4��&  

)cm(  (mg g-1 FW) 

0  d 45/8  c 55/3  c 00/12  d 62/13  c 51/58  c 40/14  b 44/12  
50  c 08/11  b 35/4  b 43/15  c 82/15  b 51/73  b 35/17  a 40/15  
100  b 10/14  a 04/5  a 15/19  b 93/17  b 00/75  a 24/19  a 98/15  
150  a 61/14  a 25/5  a 86/19  a 00/19  a 67/82  ab 11/18  a 00/17  

+&U5�&#  H(��# >(0 C4 �'�'� K7'/0 �3�2 (� �� �) �4�� �-#'� /-V �3#8J W��$# */-
�� ) +@5'� �'05/0≤P�-.# Z���� ( ./5�'/5 ��'�  

  

 F�/,4. (� \
�) 14�� �<��= (;' +&U5�&# �
4�"# �:�4� = ���&D4?3!34C  �C4?3!3=�3# :&�� )&'3-  

�
�� 
���� 

)cm(  

Q S�� �  

����% : a  : ����%b  :% : ����%  � c�	;���% 
;�� [�M;�� 

)cm(  
 ��& ��1 ���E;  


;�� �� 

��& ��1 ��4 

)cm(  (mg g-1 FW) 

25  b 95/11  b 46/4  b 42/16  a 53/16  b 65/69  b 82/15  b 35/14  
50  b 97/11  b 47/4  b 44/16  a 57/16  a 83/72  b 17/17  b 85/14  
75  a 26/12  a 71/4  a 97/16  a 68/16  a 78/74  a 85/18  a 42/16  

+&U5�&#  H(��# >(0 C4 �'�'� K7'/0 �3�2 (� �� �) �4�� �-#'� /-V �3#8J W��$# */-
�� ) +@5'� �'05/0≤P�-.# Z���� ( ./5�'/5 ��'� 

 

 f%��; P9�% 
� P	%�� �� : ����% 8��#R� P
�@��

��$�� ����;� *� ���� :���(� N �� � 
;�� .��7��� �9�8 

 ���	( nha�
�hj 
�  f%��; P9�% .�$�� !"��# � �g
�

 *� T
 �9 ^��; !"��# � nha P
�@�� Z(�� .$�%


;�� �9��$ 
���S�� 8��#R� P
�@�� 
%  �� 8@#	��#� 8�9


� ��A��  )�m�` P9�g1 O
�#� �0e�� ..�� 
#$��


���S�� P	%�� �����  
� -�� �� N 8@#	��#� 8�9

� f%��; ��#k� 3�F� �� .$�% f%��; ��� 
% ��� !�,

 : ����% 8��#R�a  : ����% �b �	E�) ��A� ���Forghani 

et al., 2010.(  

  
3 .2�'�� (
)'�� .  

� ���� ����� ��� !"��# � .$�% �
�� 
���� ) ���

� ���� ����� :���#� !"��# �� 
���� �
� .$�%  ��
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;�� [�M;���	E�  ���a) �$ ���2.( ���

� � S�� Q  ���

� ���� ����� :���#� !"��# �� 
���� �
� .$�%  ��

 
;�� [�M;����$ �� 
% ��� !�,�
^ � ���� C�( )!"��# 

�	E� -��M; ���8 � Q �
�� 
����  
F��� �� .$�% 8�9

�@�� ��� )�,� ��9�,� 
;�� [�M;�� ��
P �� 
����
� � �� 

#� 
D �@�� Z(�� .$�% f%��; P9�%
P  �� 
;�� [�M;��

��$
^  ����50 )100  �150 % C�N�� � !"��#  d6�e

 ��#&9 ���$ .P � �;
Q  
;�� [�M;��)13/86 �#��� (�#� ��

�� 
����
� 75 �#���  ���� �� � �#�150 % C�N�� 

� !"��#  ��#&9 ��
� .��  
% ��+�	E� �0#e�  �� 8���

 �
�� 
����50 �#���  
��,� ��"��# � ^
��$ �� �#�

.$��� .f% �;
Q  
;�� [�M;��)87/57 �#���(�#� � @  ��

�� 
����
� 75 �#��� ��$ � �#�
^ � ���� C�( !"��# 

�	E� -��M; 
% �$ :��` ���8 �
�� 
���� ��  8�950 

 �25 �#��� ��$ �� �#�
^  :&$) .$��� 
��,�1.(  

 *�U�
: � .A_� ��� !"��# �@�� ��
P �Ng
�  8�$� 8�9

�� !�9� N!��;  
��,�.%� �
Q  ��#e�� �� ��	(

��&6�� �98 �� v�@� � Q �;��1 �� )�9 �9�8 �+ 
	  �

�� �9�8 ��%�� T ) ��'� ���$�Saidi Goraghani et al., 

2014.( �@��
P �@�� �� 
;�� [�M;��
P  ����� ��% )!"��# 

�� P
�@�� 
D #� ����;��; f � �4
: ���� !�$ N 8�9 9�� 

 �$���@�� Z(�� 
%
P )fD` ����;�
 P � ���� nha  � �;

P � @#	��#� � �;���$ )Imayavaramban et al., 2002 .(

 ��$ i��@N .�� *� �D	% [�M;�� 
%48/127 �#���  �� �#�

; ��'  
� �9�$37/136 �#��� ; �� �#� ��'  �����%80 

% C�N�� � !"��# �@�� ��#&9 ��
P 1 �� .�� ���%) 6� 
% : 

�
Q � .A_� ��� ��� #!"�� 
	
@A� �$� �� N 8� �� � !�  
% ��$

�@�� Z(��
P D` � [�M;�� f ��9 Pk� !�$�
 N �� �� ��$ 

)Malik et al., 2003.(  


� Q 	L �� ��� �
�� 
���� P
�@�� �� 
% ���  8�9


;�� �
����; ).$�%  8�$� :���( *� 
	 K� ���M#�� 8��� �9

� 
#��
 P
�@�� �
�hj ���	( � ��� )n+ � ��  ���� � 6�;

P � 8@#	��#� �� �;  P
�@�� 
� �D	� ��� Q
� .��$

�Ng
� 
� �� N 8�$� 8�9 �� 
;�� [�M;�� �g
�  �� Q
� .��$

 P
�@�� 
D #� �� � �
�� 
���� P9�% 
% .�� �6�`


;�� Q � .��7� ).$�% f%��;  �'9��� � ���� P
�@�� �� �9


� � 
;�� �9 8��� 8�$� :���(  fK� !+ ��A�� *� 
;�� �9

 P9�% �� N �$� 
D #� �� � 
#��
 P9�% :���( Q
�

��  .���
��
% .�� ��$ i��@N )U�� O
�#� �0e  ��

�@��
P �@�� 
;�� [�M;�� )w�( �� 
;�� f%��;
P 
.�� .

�
Q �@��
P �,; 
�
� !��� .��7� 
��N ��� 8�8  ).��4�

�hj ���	(�
 
� � '% �g
� . % � M . ���8 e�� 
� 
%  :

N P$�1 9�� N �� � ����� )��$  .A��.�� ��$ ���� 

)Malek Maleki et al., 2011(.  
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3 .3 . 
* ���+'�,�� �'�� ��  

� ���� ����� ��� !"��# ��1 ���E; �� ��&  
;�� ��

��	E  ���a) �$ ���2�@�� �� .(
P � ���� ����� !"��# 

 �;100 ��#&9 �� C�N�� %) ��1 ���E; ��& �@�� 
;�� ��
P 


).�� 
� 8��4  
%f% �;
Q ��1 ���E; ��&  
;�� ��)40/14 (

; �� ��'  � �9�$P � �;
Q !+ )24/19 (; �� ��'  ����

100 % C�N�� � !"��#  -��M; .�$ ��9�,� ��#&9 ��

��	E ���8 � Q  3�F�100  �150 % C�N��  ��#&9 ��

� !"��# �� 
F��� �� ��1 ���E; ��&  .$��� ��a� 
;�� ��

 ���a)3.( 
� !"��# � P
�@�� 
% .�� ��$ i��@N  ��4

�	E�  �� O��� �� N GF� �`�� �� ��& ��1 ���E; 8���

) ��� P
�@��Mannan et al., 2010 .(f9 Q 	L  i��@N

Jeon )2012 (�	E� P
�@�� *� �%�` @ �  ��& ��1 ���E; ���

 ��s����#�  !"��# � ���� P
�@�� �� O��� 
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0  c 1/2938  ab 47/3  c 7/2245  d 8/5235  
50  b 2/5046  b 34/3  b 3/3817  c 1/8711  
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