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In order to investigate the effects of irrigation, planting date, and biofertilizers 

on phenological traits, yield, and some qualitative traits of quinoa as a new plant, 

an experiment has been conducted on a farm located in Bilehsvar region of 

Ardabil Province in two cropping years from 2019 to 2021 in split - split plot 

design based on a randomized complete block design with three replications. 

Experimental factors include irrigation at three levels, including (complete 

irrigation, irrigation termination in budding stage, and irrigation termination in 

seed filling stage) as the main factor, planting date at three levels (namely 27 

July, 11 August, and 27 August) as the sub-factor, and four levels of nitrogen 

biofertilizer (the control, seed inoculant with Azotobacter, inoculant with 

Azospirillum, and inoculation with a mixture of Azotobacter and Azospirillum) 

as the sub-sub-factor. The results show that the use of complete irrigation with a 

planting date of 27 July and inoculation of Azotobacter and Azospirillum 

biofertilizers has increased the length of phenological stages and 1000-seed 

weight. In terms of harvest index, complete irrigation treatment with planting 

date of 27 July, and combined inoculation of biofertilizers have had the highest 

value, in terms of protein percentage and saponin content of seed, irrigation 

interruption at the budding stage with planting date of 27 July, while co-

inoculation with biofertilizers has given the best results, and the highest 

biological yield (620 g/m2) and grain yield (304.97 g/m2) have been obtained 

from complete irrigation treatment with planting date of 11 August and co-

inoculation of biofertilizers.  
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1 S��& $�� #D ��N � �) . ab^ 1# $�� #D 1���� \G )�
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	)�) �9  � �G�& K���� �$�� #D �L� )�) '�%
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GI�*16/4  �G�& K���� �S��& $�� #D ��N � �� (���20 ��)�)	��  Z >-� �a9 '���  ,�-�� C*��D �# �E&�#����1# �*) 

 S(G) 
�D1 .(  

  
 H��
3�1 @S� ��=�: &��T 4�D�: � '!.��� ��L
� � '!.��� )% U�%!� +�DE �J!% B$2;�*�=5 +�DE V:!� )2LW1 �2�#� . �1 �:�:  

���  z� "���  
 1Q�)  
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���#�� F .
� �  

'
GI�* '��� u*�E�  '��� u*�E� 1_�` �9)  S� '��� u*�E� �9)  ��
 *� '��� u*�E�  1
�)��I9 '��  

��*  1  ns074/0  **851/75  **352/93  **122/763  ns016/0  

�[7) ��* S7�) ���(�1(  4  615/1  669/0  504/0  282/4  001/0  

$�� #D  2  ns097/0  **58/44  **441/41  **673/444  *079/0  

��* ×$�� #D  2  ns087/0  ns310/0  ns087/0  ns365/0  ns004/0  

��* S7�) ���(�×  �[7)$�� #D2(  8  275/0  719/0  741/0  060/2  016/0  

�G�& K����  2  **042/3  **581/274  **670/74  **781/522  *101/0  

)�&  3  **77/22  *031/6  **580/78  **574/36  **487/0  

�G�& K���� ×)�&  6  **461/2  **473/6  *294/3  **431/3  **120/0  

��* × K�����G�&  2  *449/0  *141/1  ns004/0  *421/3  ns007/0  

��* ×)�&  3  ns160/0  ns555/0  ns462/0  ns104/0  *034/0  

��* ×�G�& K���� ×)�&  6  ns120/0  ns162/0  ns245/0  *747/0  ns003/0  

$�� #D ×�G�& K����  4  ns222/0  **810/23  **841/5  **352/14  **236/0  

$�� #D ×)�&  6  *368/1  *692/4  *831/2  *560/0  ns017/0  

$�� #D ×�G�& K���� ×)�&  12  *919/0  *341/2  *005/2  **028/2  *026/0  

��* ×$�� #D ×�G�& K����  4  ns296/0  ns685/0  ns636/0  ns199/0  ns003/0  

��* ×$�� #D ×)�&  6  ns155/0  ns217/0  ns125/0  ns156/0  ns007/0  

��* ×$�� #D ×�G�& K���� ×)�&  12  ns 216/0  ns241/0  ns192/0  ns146/0  ns014/0  

�%����D 	��EG�  44  536/0  72/1  37/1  797/0  026/0  

) ���  z� Y��n%(  -  74/12  65/2  75/1  78/0  95/3  
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 "������  z�  
 1Q�)  

$)��D  

���#�� F .
� �  

1
�) )�(-N�  O�P�=� # )�(-N�  �G�)�# H7�G  1
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�) F 
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��*  1  *788/1310  **041/7957  ns0011/0  **639/9  *306/0  

�[7) ��* S7�) ���(�1(  4  661/63  041/1  0002/0  020/0  722/3  

$�� #D  2  **89/174594  **92/667208  *935/19  **731/83  **321/28  

��* ×$�� #D  2  ns307/55  ns340/0  ns0001/0  ns259/0  **233/0  

��* S7�) ���(�×  �[7)$�� #D2(  8  109/52  340/0  0002/0  154/0  706/0  
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)�&  3  **21/28654  **518/65409  **409/92  **955/419  **078/4  

�G�& K���� ×)�&  6  *168/1012  **093/2423  *467/31  **940/2  **063/1  

��* ×�G�& K����  2  ns890/60  ns753/0  ns0004/0  ns265/0  **067/3  

��* ×)�&  3  ns124/63  ns168/0  ns0008/0  ns284/0  **591/1  

��* ×�G�& K���� ×)�&  6  ns366/52  ns529/0  ns0005/0  ns074/0  **053/3  

$�� #D ×�G�& K����  4  **88/6466  **362/10599  **702/60  **218/3  **417/0  

$�� #D ×)�&  6  **74/1493  **113/5415  *184/20  **502/2  **666/0  

$�� #D ×�G�& K���� ×)�&  12  *502/814  *756/1069  **3/43  *533/0  **787/0  

��* ×$�� #D ×�G�& K����  4  ns603/53  ns359/0  ns0002/0  ns096/0  **888/1  

��* ×$�� #D ×)�&  6  ns711/53  ns401/0  ns0007/0  ns113/0  **430/0  

��* ×$�� #D ×�G�& K���� ×)�&  12  ns457/59  ns569/0  ns0003/0  ns008/0  **379/0  

�%����D 	��EG�  44  36/355  53/761  641/11  522/0  046/0  

) ���  z� Y��n%(  -  47/8  22/6  77/6  36/4  87/2  
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1_�` $�E&�# �IQ 1& ,�-�� C*��D � �E&�#���� �E��� $�9)�& � $�� #D .
 *� �9)  
 =�� �# 
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GI�* �� ���  00/1                    

1_�` �� ��� �9)  ns17/0-  00/1                  

S� �� ��� �9)  *21/0-  ns19/0  00/1                

��
 *� �� ���  ns15/0-  **46/0-  **68/0  00/1              

1
�) )�(-N�  **32/0-  **38/0-  **31/0  **69/0  00/1            
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