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Comprehensive abstract 

Introduction 

Quinoa (Chenopodium quinoa Willd) is adapted to many regions and has the ability to grow in 

desert and frosts conditions, and hot and dry climates. Due to the low water requirement of quinoa, the 

development of its cultivation can be expanded in most provinces of the country, and in addition to 

providing the food needs of the growing population, it can also help in creating jobs in these areas. 

Since the economic value of a variety depends on the value of its various traits, it is necessary to know 

the status of traits and the variation between genotypes in the studied population to improve and 

introduce cultivars. Although early maturity quinoa cultivars have been identified and/or improved in 

the native land of this plant in South America and in many European countries, so far, early maturity 

cultivars with the other suitable quantitative and qualitative characteristics such as high grain yield and 

quality have not been introduced. The present study was conducted to investigate the important 

morphological and phenological traits related to grain yield and growth period among a number of 

foreign quinoa genotypes. The objectives of this experiment were to evaluate genetic diversity 

between genotypes in term of the studied traits and to identify and introduce high-yielding, early 

maturity and plantable genotypes in the region. 

Materials and methods 

The plant materials of this research were sixty foreign quinoa genotypes with the origin of Peru, 

Chile and Bolivia, obtained from the Genebank of Leibniz Institute of Plant Genetics and Crop Plant Research 

(IPK), Leibniz, Germany. The studied genotypes were planted in randomized complete block design 

with three replications in Koohdasht, Khorramabad province, Iran, in 2021 and were investigated in 

for important quantitative traits related to yield and yield components. The studied traits included 

number of days from seed sowing to growth stages of three leaves, inflorescence formation, 

inflorescence coloring, pollination and physiological maturity, as well as plant height, panicle length, 

number of panicles per plant, 1000-grain weight, grain yield, harvest index, grain saponin percentage 

and grain protein percentage. For data analysis, in addition to analysis of variance and comparison of 

means, the relationship between the studied traits was also evaluated by phenotypic and genotypic 

correlation coefficients, the traits affecting grain yield were identified by stepwise regression analysis, 

and direct and indirect effects of each trait on grain yield were estimated using path analysis method. 

Also, factor analysis was used to identify the hidden and independent factors affecting the studied 
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traits and the reasons of traits correlation, and cluster analysis was used to group the genotypes and 

select the superior genotypes of this experiment. All statistical analyzes of this experiment were 

performed using SAS ver. 9.2 and SPSS ver. 25 statistical softwares. 

Research findings 

The results obtained from the various statistical indices indicated the existence of statistically 

significant differences and high diversity among the studied quinoa genotypes for most of the 

evaluated traits. Calculating phenotypic and genotypic correlation coefficients showed significant 

correlations between grain yield and 1000-grain weight (0.938 and 0.934), harvest index (0.964 and 

0.852), panicle length (0.762 and 0.750) and number of panicles per plant (0.677 and 0.651), 

respectively. The results of stepwise regression and path analyses of grain yield showed that 1000-

grain weight and main panicle length with the highest positive and significant direct effects on grain 

yield, were the most important predictive variables for grain yield. Based on the results of factor 

analysis, three independent factors justified 81% (40%, 32% and 9%, respectively) of total variation in 

the studied population. Cluster analysis based on Ward’s minimum variance method grouped 60 

quinoa genotypes into three clusters, which included 25, 19 and 16 genotypes, respectively. The 

grouping resulting from the cluster analysis corresponded to the geographical distribution of the 

genotypes, so that the genotypes of Bolivia, Peru and Chile were grouped in the first, second and third 

clusters, respectively. A number of genotypes in the first and second groups with the higher values for 

grain yield, 1000-grain weight and panicle length, as well as the lower values for grain saponin content 

and phenological characteristics related to growth period, can be selected and suggested for use in the 

multi-regional trials to introduce the variety programs or for use in the future breeding programs. 

Conclusion 

The results of the present study showed a significant and very high phenotypic diversity among the 

studied quinoa genotypes. The superior genotypes identified in this research, after confirming the 

results in repeating the experiment, can be directly introduced as the new varieties and/or used as the 

suitable genetic resources in different quinoa breeding programs.  

Keywords: Cluster analysis, Correlation coefficient, Factor analysis, Path analysis, Yield components 

 
 

Received: March 12, 2022                                                                                    Accepted: June 1, 2022 
 

 

 

Cite this article: 

Souri-Laki, E., Rabiei, B., Jokarfard, V., Marashi, H. and Börner, A. 2023. Evaluation of important 

agronomic traits related to yield and identification of superior quinoa genotypes. Cereal Research 12 (1):  

99-114. 

   

100 



��� ������	  

 
��� ��� �
��� ������� �
��1401 )114-99(  

 

doi: 10.22124/CR.2023.23299.1745 

 

            � ��!" #$��%                                                                                                                                       ����& �'()' 

 

 ���*�
�+�	,-. �*�'�/� � �(01�2 �� 34	(% �2�
� ��% ��56�,/�7 (	(� 8��  

 

�0$ 8
,' ����(��1�9��
 :��� 2* �(=
�7,> ?�@�3 � 2(% BC@4 *
?-& �� D�((-5  

  

1- ���� ��	
� ��� ����� ������� �������� ���� ������� � !��� "�#�$ � ��%�&  '�()* ��	� ��	(�� +#,�*- 

2- ) ��	
� ��� ����� ������� �������� ���� ������� � !��� "�#�$ � ��%�&  '�()* ��	� ���#'�*  :2�34* ��(4
��

rabiei@guilan.ac.ir(  

3-  ��	
� ��� ����� ������� �������� ���� ������� � !��� "�#�$ � ��%�&  '�()* ��	� ��	#�� ��7����  

4-  ���#'�� �$�%�(�&��9 ��	� +9 !��� ���:� '��	; ������� �������� ������� ���	
� ��)�* �  

5- ) =�(>
?  ���� ��!��� �  !��� "�#�$ @�A�AB& +4'C* ��$ "��9 ��	� ���#'�IPK��D%- �=�(>
? �(  

  

�?�0F G%�>  

 :#%?�%��(�� 9+ �'� �����' ���E#* FG�(* � �� �� ���9�H ���(>I
 � ��9��9 J
�	 �!� K��H���! "�, � �	�  .���� ��

+9 9- ���� M�%� K� ���� N
�� ��(�� ���  * ����&��9 ����#'� 	& O	#4� ���� ��!�& 	9 ���� � �9�
 
�PQ ���� N�* 

����� �� +9 �� ��EDR +9 2�S#�FG�(* N
� ��  
�� =��  "D��(� .�- �� 
�R O��� +9  �#49 KH� "
 ���T#H� O��� +�

 ����� �- U�#I* @�VWN
�	9�(9  ��  !��- � @�VW ��EX� Y�(& ��=�*Z�&��$ N�9+9 +E%�[* ���* ��EDR �� �!��\(*  ]�W�

 ��H��  ;	E* ��'� ���	X.  +^	�� �� =�� �  9�(R ���
	*- �� ���� N
�  �W� NG�* ������ �� ����49��!  � 
�_���

W� �
 �  
�'�( ��H�� ]� ��(�� `�����'� �� ��7���*� � ��(� �& ;	E* +9 F;�*  �H��'���� �  K! +� ��*� ����� 	
�'

 �:
���!  V�� �  D� a��[* \�� +��� �	��D� 	 ?�9 ��V�� � ��(�9 b'�(* +���N
� �� .��� ���� ��F�AB& +9 	X�c ��\(*

 K)* @�VW  '�	9 "
$�%�(; � "
$�%�;��* �	��D� �9 J>&	*�� ���� 2�G � +���  N�9 �� �� ����E&Z�&��$ ��! &����� 

 � ��7�� ��(��Z�&��$ N�9 Y�(& ��=�*  9�
��� NDX �&Z�&��$ �+E%�[* ���* @�VW `�'� 	9 �! ��! `����M9�H � 2�TB*	_ 

���  ;	E* �  
�'�( +A[(* �� ���.  

I�
 � ��,%:��  !��� ���*  N
�M*� F�AB& 60 Z�&��$  &�����  �9 ��(�� "��9 �� +� ��9 ���%�9 �  �� ��	_ ��!���� f�(*

 �$+4'�*  !��� "�#�$ @�A�AB& )IPK ( ��D%-� +�)&. Z�&��$ ��! b%�H �� +E%�[* ���*g��9 +
�_ ]	G M*�� ��!

  ;��T&�9  �� ��	�& +'��#'	)   ���� 2�' �� ��!��1400  ��=R� � �	��D� �9 J>&	*  D� K)* @�VW 	\� �� � ���

.�(#;	� ��	H  9�
��� ���* �	��D�  @�VW M*� F�AB& N
� �� +E%�[* ���* @�VW �� Mc�	* �& �P9 ��� �� ��!��� ���E&

 �	9 +'M� M���& �M� ��  ��� �N
h-��	� �N
h-%�
=�;  ���'� �  ���;�+�, ���E& �+�, 2�G �+&�9 Y�V&�� �"
$� 

+&�9 ��+��� �	��D� �+�����=! ��� �� ���	9 i,�� N���_�' �W�� � +��� N�3&�	_ �W�� +���  .����9 ��	9 M��B& � +
=7&

���� 	9 ���� ��!j��
��� +
=7& � N�����* +4
�A*��! +E%�[* ���* @�VW N�9 k�>&�� �9 =��  �  l�&�(;  �#4>D! b
�	X

 l�&��$  � K�A#4* ��m- ��=�* �  
�'�( ��� +9 ��� ���'	�� +
=7& �� ���V#'� �9 +��� �	��D� 	9 	m�* @�VW jl' �  '�	9

.� ���-	9 ���� +
=7& O�� `�'� 	9 +��� �	��D� 	9 �)�- K�A#4*	�Q  O�� ��M*�� +9 +
=7& �!  ��)(_ M*���  
�'�( ��	9

* �+�, +
=7& O�� �� � @�VW N�9  �#4>D! ��R� M��B& � +E%�[* ���* @�VW 	9 	m�* MA#4 ��+9��	� ��\(* ��(9

  
 ا�ش�ده ع�وم 	شاورزی د

101 



Z�&��$Z�&��$ a�I#�� � �!�
�*�- N
� 	&	9 ��! M��B& � +
=7& +��� .� ���V#'����� ���*- ��! ���V#'� �9 �
�*�- N
� ��!

�	� ����=;� ���*- ��!SAS  +I4�2/9 � SPSS  +I4�25 ��7�� .�  

#)=�*:J���	 8�� i,� +>'�B* �� MW�c p
�#� �U�#I* ���*- ��!������(!� @��V& ��R���!  (E* ���*- Y�(& � ���

+R�& M9�H Z�&��$ N�9 �� .��9 ��  9�
��� @�VW b�Q� 	\� �� ��(�� ��! ���-	9  l�&��$ �  l�&�(;  �#4>D! b
�	X N�9

 @�VW��� ����  �#4>D! +�  (E* ���49 � �>q* N�9 ���� +��� �	��D�� ) +��� ��=! ��� @�VW+9 b�&	&938/0  �934/0 �(

) ���	9 i,�+9b�&	& 864/0  �852/0) +�, 2�G �(+9 b�&	&762/0  �750/0� (  +�, ���E&+&�9 �� )+9 b�&	&677/0 

 �651/0 (��� ��R�.  �� MW�c p
�#� ���'	�� +
=7&���+9��� +��� �	��D� ���� +
=7& �  =�� +� ��� �����VW ��  ���

 �W� +�, 2�G � +��� ��=!�  �������9 (E* K�A#4* � �>q* 	�mĤ& N
	& �����9 +��� �	��D� 	9�� � +9 ��!	�S#* ���(�

 +��� �	��D� ��((�  
����_��� a�I#��. `�'� 	9 M*�� +9 +
=7& p
�#��!�  Y�D7* �� MA#4* �  �W� M*�� +'81  �� �W��

 ���	� +�R�& �� +E%�[* ���* ��EDR M� @�	��S&�  K)'M*�� N
��! +9 b�&	&602/39 �173/32  �393/9 +
=7& .��9 �W�� 

+�,��  ����� j��
��� MH��c O�� `�'� 	960  Z�&��$ ���*+9 +� ��� ��	H ��	� +' �� �� +E%�[* M*� b�&	&25 �19  �16 

 .����9 Z�&��$��	�+�, +
=7& �� MW�c ��(9Z�&��$  
��;�	SR u
��& �9 ��+9 ���� �A9�[* �!Z�&��$ +� ���G ��	� ��!

����E& .����9  �� f�(* ����� ��' ��	� � �	_ f�(* ����� ��� ��	� ����%�9 f�(* ����� 2�� Z�&��$ �� ��! �� ��R�*

��	�� 2�� ��!  ��� +�	\� �� +��� ��=! ��� �+��� �	��D� @�VW � +�, 2�G O��� �����  �W� �� 2�c N�� �� � 	&?�9 ��!

 ��=�* 	\� �:
� � +��� N���_�'O��� ����� �� ���� 2�G �9 J>&	* "
$�%�(; ��!K� ��! �����9 �	& �� N#;	� ��	H �)R

+*��	9 �� ���V#'� �
 � KH�  ;	E* +*��	9+9 ��!���  ;	E* � a�I#�� ��E9 ���:�.  

#K�)-:8(�L  p
�#�N
� �� MW�c  �F�AB& Y�(&$  
?�9 ���49 � +R�& M9�H  l�&�� ��Z�&��$ N�9 �� �� +E%�[* ��! ��(��

��� ���� .Z�&��$ ���! ��
�*�- ��	�& �� p
�#� ��
�& @��W �� �F�AB& N
� �� ��  
�'�( 	&	9 � * ���& 	9 ����  ;	E*

+9 �)�- K�A#4* �KH� ���(�+9+*��	9 �� b'�(*  ��#�$ u9�(* ���(�+9 ��!�	� ���V#'� ��(�� U�#I* ���:�.   

�.��:8?�17 8�� ��=R� ��	��D� M*�� +9 +
=7&�!�  +
=7&+�,��� ����� +
=7& 	X� �#4>D! b
  

  

 

 :�;�
�� v
��&21/12/1400                                                                                                   :O	
P_ v
��&11/03/1401  

  

   

 :#$��% B*� #� ��/)'� �,�-  

����(�� �0$ 8
,' :��� �9��
 �(=
�7,> ?�@� � 2(% BC@  (-(� � .D�*
?-&1401.   9�
��� �9 J>&	*  ���� K)* @�VW

 � �	��D�Z�&��$  
�'�(.��(�� 	&	9 ��! ��� ������	 12 )1 :(114-99.  

  

                 

102 



 �  ���� K)* @�VW  9�
���Z�&��$  
�'�(  ��(�� 	&	9 ��!                                  &/@�Q @�A�AB K!����� ����/  ���D2��/ ��)9 1140 

 

 

#%?�% 

 ��	
������   
��! � a- Y�(& �9 u�'� +� �'�

���! � a- ����� �- FG�(* �� ����49 ��=�* � �'� "�, 

 �- +���%�' J'�#*  �����9"
��'  .�'�  ��)R J'�#*

g�, �:
� � �;�9 	\� �� ���� FG�(* b�Q� ��! ��!

  
��D� �  �
=�; ��R� �9 .�(#4! �
���B* ����� =��� N


�
���B*�!  � ����� �� +9 �� ��EDR +9 +R�& �9 =��

 ��	*  
�PQ ���� N�*f&+9� � Y�(& �9 �  ;�� ��=�* ��V�

 a��[*�9 M�4��#_ �� ���V#'���!  @?�TB* ��%�&

+V�w� +� �'� ���� @�*�=%� � @�
��	X �� ���������� 

�I9 O�� 	9 N��(' +9 � ��������:
� �� .�'� @�A�AB& 

 b'�(* � �
�R ��!���  '�	9 ������� @�A�AB& U
�w�

 ����  ���� J
�	 +9 +R�& �9  
�PQ ���* ��%�& ��	9��'. 

� a- @�	�S&  ��	
� ���!"�, � �	� �D' +9 �� � =�� 

g�,  7
��& �� ��"
 �� ����  ���� ��! MDB& � �'

� ��(�� ���� �?�9�	�
� ��' �� ��� �  ��, M9�A* � 

  A[(* � ��((� u��H M
?�+9 ��(�� �� ���V#'� ��	9����( 

 b'�(* ���� "
�)R  +
PS& ����
�_ ������� +9 ���'�

�'�  #E(W ��%�& � b'�(* )Jamali et al., 2016.(  

��(��  !��� �'� +� ���� 	9 +���� �� x	9 ��!��� 

 ���R =�� �-+9���(� �=>' ���& � �
 +9@��W +#I_ ���V#'� 

 *�� )Bhargava et al., 2006(N
� . ���� ��(D�� 

+> �+�Q�9   �:
� 
���� �  
�PQ a��[* � *�9 ��!���� 

+
�l!���� ��- �(��* ����%�9 ��	_ ������� �  �� �� 

 9�(R ���
	*- �'���(�� . +9M�%� O���  
�PQ ?�9� 

�>4�� b'�(* ��! a��[* ��'� ��!+(�*-  M9�H 	
��A* �

N�*�#
� +R�& ��E* ���* � �!�  J'�&��*��' ����, ��9 

 ��)R )FAO( �9 	� "�, +4
�A* �� .�'� ��	9 E*	 ; 

�A� ���� N
� ��� �(D�� ��(*� � 
�PQ 2�' 2013  J'�&

uD7* *�D�  ��*��' M�* �B#* +9���(� 2�' N�9 ��D%� 

��(�� ������P� � )FAO, 2013.( �(D���� ���9
N ���� 

+9 �!���� �� ����49 +� �'� �� bR�* ��!���� �:
�

��	#4� @�A�AB&  
�_��� �((� ��Q- �- ��� �� ��

)Bhargava et al., 2006(� ��*  ��(���
�R ���� ��	
� ��� 

 U�#I* FG�(* �� ��� ��	9 �- b'�(* ��H�� ��(! � �'�

����  ;	E* �������.   9�
��� �9 �'� ��? ��#9� N
�	9�(9

Z�&��$Z�&��$ � R��, U�#I* ��! �� ��� b'�(* ��!

K��H� �:
� .���  
�'�( ���� U�#I* ��! ��!  ����

�� y�*�D� +�  D)* ��(��  *  9�
������� M*�  � �	��D�

 ��� ���� 2�G �+&�9 Y�V&�� �+��� �	��D� ��=R� M�� 

 K��	&+�, ��� ���=! +��� � !��� �� M>H ���� z��  � �E9

"
$�%�
=�;  ���'� ���  �+��� 	[H �+��� z��N�3&�	_ ��=�* 

 � N���_�' ��=�* +����(#4! )Rojas et al., 2003.(   

) �����D! � �����9Bhargava et al., 2008( +E%�[* ��

+9 ��i,�  
�'�( ��\(* 	�Q � K�A#4* a�I#�� ��!

  V�� K)*  �:
� +' � +��� �	��D� ]�W� �)R K�A#4*

 ��7�� x	9 ��{�(&��� � +��� ��{�(&��� �+��� N�3&�	_ M*�

 +� ��� ���� �)�- p
�#� .�����  �#4>D! ����� +��� �	��D�

 (E* �>q*�9 ��� M�;�	�� �+��� 	[H ��!a  ��{�(&��� � M� �

 �*� ���9 +��� ��{�(&��� � N�3&�	_ �9  V(*  �#4>D! � x	9

|�! �9 +��� ������ N�9  G�>&�� N�3&�	_ ��	��D� @�VW �� "


+������ � �� +��� 	[H �)#�� �� N�AAB* N
� .��� ��!��* �!

+9K)* ���(� �
�=;� �)R K�A#4* 	�Q a�I#�� i,� N
	&

�(� +��� �	��D� .���	� ��) �����D! � �	�%�*Maliro et 

al., 2017 �(11  	\� �� �� U�#I* ��(* �9 ��(�� Y�(#* KH�

 �B& ��?�* �=�	* +A[(* �� �� �	��D� ��=R� � �	��D�

����� ��	H  9�
��� ���* ����9- � K
� J
�	 ���- . ���� �!

 +� �������9 ����9- J
�	 �B& ��H�� +��� +��� �	��D� 	&

��9 K
� J
�	 �� �*� � �����9- J
�	 �B& & KH� & �9 ����

 �	��D� J'�#*3019  ��#�! �� �	����� � J
�	 �B&

 �	��D� J'�#* �9 ���' +��� KH� �K
�2050  �� �	�����

2�TB*	_ ��#�!KH� N
	&�! ��9 .��N
	� �����D! � ��:�

)Shirinnejad et al., 2019 =�� (+9 ��\(* � KH� 	m�  '�	9

	9 ��� v
��& i,���! �"
$�%�;��* "
$�%�
=�; � 

 
��D���9 +' �� �� KH� ��)^ ���E& ���(��  ��� v
��&

 +� ����� ���� � +E%�[*  ��9��� FAB* ������� �� U�#I*

����� �*�R�' KH� ��9 a- ���#B* �N�%�	_ ��=�* N
	&

� x	9 �c�4* � +H�' 	[H �x	9  >4�  KH�Q29  �����

K�N
	& ��=�*  N
�	9�(9 � ��9 @�VW N
� �*�R�' KH���  KH�

v
��& �� �	&�����' J
�	 �B& U�#I* ��� ��!

 .���	�  ;	E* M�9���  [�B*  

���� �� ����49 +^	��!��  � 
�_����H� �  
�'�( +9 ��

W� �
 ��H�� ]� ��(�� `����	�������*� �  +9 F;�* ��(!

 �:
� ����� `���� KH�  ;	E* �	��D� 	\� �� a��[* ��!

310  



�����D! �  �% ���'                                                                                 &�AB /@�Q @�AK!����� ����/  ���D2��/ ��)9 1401 

���� +��� ��V�� �N
� �� .���+9 	X�c �!�:_ �� ��\(*

 �� �	��D� ��=R� � �	��D� �9 J>&	* K)* @�VW  '�	9

�� ����E& Z�&��$ ��!��(��   ;	E* �  
�'�( }�! �9

Z�&��$ 	&	9 ��! � +A[(* �� ��� b'�(*� ��7��.  

  

I�
 � ��,%��  

N
� �� �� ���V#'�  !��� ���*  M*� �!�:_60 

�� U�#I* Z�&��$( �� �� +�)& �� �$ "��9 +4'�*IPK 

2��R) ��9 ��D%- 1N
� .(  �!�:_�� )>
��� K!� v
��& ��

��*  2�'1400  ��"
 AB& +��=*�&�A  �� uH�� ��#'	) 

��!�� g��9 ]	G b%�H �� �(��#'	% ��#'�) M*�� ��!

�T& �
�*�- ��!�c�� 2�G .� �	R� ��	�& +' �9  ;� |(_ 

	#*� �- ~	��! 	#* +'� U
�� N�9 +�W�; �!40  #��'* � 	#

U
�� ��� +�W�; �!30  #��' .� +#;	� 	\� �� 	#*  

�'� �)R ���� ���* �P9 ��=�*a��[* K��	& +9  9�
�  �9

+R�& +���R �W�� � ���, �W�� �+��� ��=! ��� +9  ��

�P9��! 33  u9	*	#* �� +&�9 ��� �)R .� +>'�B* ��P9

+9 ��#9� MW��; �9  
�!��� ������ "D�40  FD� �3 -2 

 #��'� ��7
� 	#*.  MW��; �9 �!�P9 jl'30  #��' �	#*

�_ g�, �9 � �(#;	� ��	H �!��� ������� �� . ��� ��=�*

 �� �� ���V#'� g�, ��*�- p
�#� +9 +R�& �9 �
�*�- N
�

�+��=*  M*�50  �	����� ��#�! �� @�V%�' ���K�'�#_ �

40 ��#�! �� �	�����  � Ml
	& @�V4; 	_�'50  �� �	�����

 ���� ��� ��#�!�9.�50  �W�� �& � +�c	* �� ���� ���

 �  �	9 ��!50  H�9 �W�� }	T*  !��� �� M>H ����*

.� �P9 ��� +9+l� @��W ��+l� 	! �� �P9 +' ���E& �9 

+���R �� �E9 +� � ��7���c	* �� +&�9 ��	A#'� �  �� +5  �&

6  "(&  �	9�� �E9 +�W�;�9 ����9- N�%�� .�  ���

Z�&��$+9 ��' � ��� ����9- � �! +�W�;4  ��� � K! �� ���

 N�9 ��E9 ��!���9-7  �&15 ��� ���� J
�	 ��(>* 	9 K�\(&

+9 ����9- �@�;- �9 ����>* ��	9 .� ��7��  ����9 @��W  �(��*

�	� � +#+H�G ��! ��(
��
� �� 	9�� +9 ��=! �� @��W

2��B*  �_��� ����� ���D�9 �9 ����>* ��	9 �  
��! ��!

���H �� g��V' �\�Q �9 M�*��� ��+'  �9 ��=! ��+'  ��9

�	�& �+9 �W�;+ �V!  ���V#'� ���Z�&��$ ���	9 .� �� �!

  ���'� ��*� M*��  *��(! �+&�9 +� ��� y�*�� ��(�� ��!

+��� � ����9�! +9  #c���� +�,�!  * ��R ������7�� �.  

 ����
  �	9 +' �� +�c	* �� U�#I* @�VW ����	9

 �� �E9 .��� +*��� ��  ��
�_ +�c	* �& � � ��Q-	9�� �

N���_�' �W�� =��  ����
�*�- �� +��� N�3&�	_ ��������� �	

 .������� �)R �+E%�[* ���* @�VW �	����(� U
�� �� �

U
��  *�D& ��)#�� �� +&�9 "
 � @	� 	!+9 �!c ���(�+�� 

+��D� � � +#;	� 	\� �������� �)R ����	9@�VW �	�� 

+9+&�9  *�D& ��  ;��T& ��G ��! H�9 ��7�� ����*.� @�VW 

��� M*� F�AB& N
� �� +E%�[* ���*�P9 ��� �� ��! �& 

Mc�	* )M� M���& � �	9 +'M� ��  ��� �N
h- �N
h-

���	("
$�%�
=�;  ���'� �  ���;��E& �+&�9 Y�V&�� � ��

+�, +&�9 �� �+�, 2�G ���=! ��� +��� �	��D� �+���� 

���	9 i,� � ��=�* N�3&�	_ �  .����9 N���_�'  

 N��E& �)R��=�* � ���V#'� �9 ��#9� �+��� N�3&�	_ �

) @��!	� 2�* 2���7� ���#'�Gerhardt ( ���D%- �,�'

�W�� �+��D� �� ��R�* �$�	#� �!+[9�� �� ���V#'� �9 )1 (

������ �	��� )Bradford, 1976:(   

)1     (                              N =
�×�.���	×(����)

�
   

�+[9�� N
� �� N  �+��D� �� ��R�* �$�	#�� ��=�*A 

 � ;	T* ��'� +#�%�*	�W  � +��D� ���sV  �bV +9 b�&	&

 ���A* ��'���* +��D� ���'�	#�& ��	9  ;	T* "
��
	�� �

 .�'� �!� +��D� � 	\�jl' N�3&�	_ �W�� +��� 	9 `�'� 

) +[9��2 +>'�B* ( �)Bradford, 1976 :(  

)2     (                                 Protein = N × 6.25  

+��� N���_�' ��=�* =�� 9`�'� 	 ) M
��� O��Koziol, 

1991 (��������	� O�� N
� �� .����A* � 7  �P9 �	�

"�, )SW(  +%�% +9�
�*�- +9 2�G170  ��* 	[H � 	#*

18  ��* � MA#(* 	#*10  ��*	#�%  +%�% .� +;�X� �- +9 a-

 �
�*�-+9 @�*45 +9 +���m� ���� ���& @�  �?�9 �� �&

.�� ��7
� U� �- +9 MW�c U� @�*15  � � Mc +���m

U� Y�V&�� � 
�)� ���& "
 �� �E9 jl' )FH(  a- �?�9 ��

������ .� �	�� �)#�� ��+9 N���_�' ��=�* ��� �	� 	! ����

 ���V#'� �9 +��� +[9�� ��)3( ) � ���-	9Koziol, 1991:(  

)3 (           Saponin = 0.423 × FH + 0.008
SW&  

  

 

410  



 �  ���� K)* @�VW  9�
���Z�&��$  
�'�(  ��(�� 	&	9 ��!                                  &/@�Q @�A�AB K!����� ����/  ���D2��/ ��)9 1140 

 

 

 2��R1 - Z�&��$ @�TI�*+E%�[* ��(�� ��! �
�*�- N
� �� ��  
Table 1. Characteristics of the studied quinoa genotypes in this experiment 

No. Genotype 

† Code Origin Seed color No. Genotype Code Origin Seed color 

1 CHEN67 D2190 Peru Brown 31 CHEN196 D9407 Chile Yellow 

2 CHEN68 D2191 Peru Golden-brown 32 CHEN199 D9409 Peru Bright-white 

3 CHEN71 D2196 Chile Light brown 33 CHEN202 D9413 Peru White 

4 CHEN83 D2194 Bolivia Bright-white 34 CHEN301 D9789 Chile White 

5 CHEN84 D2195 Bolivia White 35 CHEN204 D9415 Chile Golden 

6 CHEN89 D5078 Bolivia Bright 36 CHEN205 D9416 Chile White 

7 CHEN90 D5079 Chile White 37 CHEN206 D9417 Chile Golden 

8 CHEN91 D5081 Bolivia Golden 38 CHEN207 D9418 Chile Bright 

9 CHEN115 D9316 Bolivia White 39 CHEN209 D9420 Chile Bright-white 

10 CHEN119 D9319 Bolivia Whitish-yellow 40 CHEN210 D9421 Chile White 

11 CHEN121 D9336 Chile Yellow 41 CHEN212 D9426 Chile Golden 

12 CHEN123 D9428 Peru White 42 CHEN214 D9429 Peru White 

13 CHEN126 D9339 Peru Bright 43 CHEN215 D9730 Peru Bright 

14 CHEN128 D9320 Chile Whitish-yellow 44 CHEN216 D9431 Peru White 

15 CHEN133 D9361 Bolivia Yellow 45 CHEN217 D9432 Chile Bright 

16 CHEN146 D9374 Bolivia Bright-white 46 CHEN218 D9434 Chile Whitish 

17 CHEN151 D9382 Chile White 47 CHEN220 D9439 Peru Yellow 

18 CHEN154 D9385 Peru White 48 CHEN223 D9442 Chile Bright-white 

19 CHEN156 D9390 Chile Golden 49 CHEN225 D9443 Peru White 

20 CHEN159 D9376 Bolivia Brown 50 CHEN255 D9502 Chile White 

21 CHEN167 D9346 Chile Yellow 51 CHEN268 D9548 Chile Bright-white 

22 CHEN171 D9350 Chile Bright-white 52 CHEN270 D9558 Chile Yellow 

23 CHEN172 D9351 Peru White 53 CHEN297 D9786 Chile Bright-white 

24 CHEN179 D9358 Chile White 54 CHEN299 D9788 Chile White 

25 CHEN182 D9392 Peru White 55 CHEN328 D9803 Peru White 

26 CHEN189 D9400 Peru White 56 CHEN364 D9855 Chile Whitish-yellow 

27 CHEN191 D9402 Chile Bright 57 CHEN371 D9862 Chile Yellow 

28 CHEN193 D9404 Chile White 58 CHEN390 D9878 Peru Bright-white 

29 CHEN194 D9405 Chile Bright 59 CHEN391 D9879 Chile White 

30 CHEN195 D9406 Peru Whitish-yellow 60 CHEN392 D9880 Peru White 

† All studied genotypes in this experiment were obtained from the IPK Gene Bank, Leibniz Institute of Plant Genetics and 

Crop Plant Research, Leibniz, Germany. 
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Table 2. Descriptive statistics of the evaluated traits in the experiment 

Trait† Minimum Maximum Range Mean 
Standard 

deviation 

Phenotypic 

coefficient of 

variation  

Genotypic 

coefficient of 

variation  

DL 10.58 16.66 6.8 14.05 1.20 8.54 8.19 

DI 36.75 62.16 25.41 48.86 6.22 12.73 12.09 

DC 36.5 78.66 42.16 55.98 7.64 13.64 13.52 

DP 51.16 90.16 39 66.3 7.55 11.38 11.29 

DM 61.41 96.25 34.85 76.78 7.23 9.41 9.29 

DD 68.91 103.75 34.83 84.25 7.21 8.55 8.42 

DPM 84.83 153 68.16 121.51 14.27 11.74 11.38 

PH 77.34 132.16 54.82 8176 28.81 10.27 9.64 

PL 16.25 28.91 12.66 25.09 1.33 5.60 5.35 

NPP 13.83 20.16 6.33 17 2.60 15.29 15.07 

TSW 1.63 3.2 1.57 2.49 0.38 15.26 15.04 

SC 1.09 2.83 1.74 1.99 0.58 18.54 17.98 

PC 17.58 24.08 6.5 21.08 0.39 1.85 1.51 

GY 2166.3 4208.3 2042 3285.44 505.93 15.39 14.86 

HI 16.5 32.39 15.88 25.2 3.97 15.74 15.04 
† The symbol of traits are: DL, days to three leaves stage; DI, days to inflorescence formation; DC, days to inflorescence 

coloring; DP, days to pollination; DM, days to milk stage; DD, days to dough stage; DPM, days to physiological 

maturity;  PH, plant height; PL, panicle length; NPP, number of panicles per plant; TSW, 1000-seed weight; SC, saponin 

content; PC, protein content; GY, grain yield; HI, harvest index. 
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 2��R3-  �#4>D! b
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 Table 3. Phenotypic (above diagonal) and genotypic (below diagonal) correlation coefficients among the studied traits in 60 quinoa genotypes  

Trait† DL DI DC DP DM DD DPM PH PL NPP TSW SC PC GY HI 

DL 1 0.08 0.08 0.10 0.09 0.08 0.20 0.13 0.88** 0.76** 0.69** 0.02 0.94** 0.69** 0.69** 

DI 0.08 1 0.86** 0.85** 0.83** 0.81** 0.09 0.11 0.03 0.15 0.09 -0.18 0.09 0.09 0.09 

DC 0.08 0.85** 1 0.92** 0.91** 0.90** 0.01 0.19 0.05 0.08 0.10 -0.05 0.08 0.09 0.10 

DP 0.10 0.83** 0.92** 1 0.92** 0.91** 0.01 0.15 0.08 0.08 0.09 -0.58 0.10 0.09 0.09 

DM 0.08 0.80** 0.90** 0.91** 1 0.91** 0.02 0.12 0.03 0.07 0.08 -0.06 0.09 0.08 0.08 

DD 0.08 0.80** 0.89** 0.70** 0.91** 1 0.02 0.11 0.03 0.07 0.08 -0.05 0.09 0.07 0.08 

DPM 0.19 0.08 0.00 0.00 0.01 0.01 1 0.20 0.11 0.25* 0.19 -0.09 0.19 0.19 0.20 

PH 0.13 0.10 0.17 0.14 0.10 0.11 0.19 1 0.13 -0.07 0.002 0.16 0.13 0.00 0.01 

PL 0.93** 0.02 0.03 0.08 0.02 0.03 0.10 0.12 1 0.72** 0.70** 0.03 0.87** 0.76** 0.67** 

NPP 0.80** 0.13 0.07 0.06 0.06 0.06 0.25* -0.07 0.70** 1 0.70** -0.15 0.73** 0.76** 0.70** 

TSW 0.75** 0.08 0.08 0.08 0.07 0.07 0.18 0.001 0.75** 0.75** 1 -0.09 0.74** 0.94** 0.93** 

SC 0.01 0.17 -0.04 0.04 -0.04 0.05 -0.08 0.15 0.02 -0.14 -0.07 1 0.01 0.09 -0.08 

PC 0.93** 0.07 0.07 0.09 0.08 0.08 0.18 0.12 0.86** 0.72** 0.66** 0.00 1 0.68** 0.67** 

GY 0.69** 0.09 0.08 0.07 0.07 0.07 0.18 0.00 0.75** 0.75** 0.93** -0.07 0.65** 1 0.86** 

HI 0.74** 0.08 0.07 0.08 0.06 0.06 0.17 0.00 0.67** 0.70** 0.92** -0.06 0.67** 0.85** 1 
* and **: Significant at 5% and 1% probability levels, respectively. 

† The symbol of traits are: DL, days to three leaves stage; DI, days to inflorescence formation; DC, days to inflorescence coloring; DP, days to pollination; DM, days to 

milk stage; DD, days to dough stage; DPM, days to physiological maturity;  PH, plant height; PL, panicle length; NPP, number of panicles per plant; TSW, 1000-seed 

weight; SC, saponin content; PC, protein content; GY, grain yield; HI, harvest index. 
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Table 4. The phenotypic (up) and genotypic (below, bold) path coefficients and indirect effects of first- and 

second-order predictor variables on quinoa grain yield 

Trait 

† 

Direct and indirect effects on 

GY 
 

Direct and indirect 

effects on TSW 
 

Direct and indirect 

effects on PL 

TSW PL  PH DPM  NPP DP 

TSW 
0.80 0.14  

  
 

  
0.84 0.09  

  
 

  

PL 
0.56 0.20  

  
 

  
0.63 0.12  

  
 

  

PH   
 -0.038 0.040  

  

  
 -0.035 0.036  

  

DPM   
 -0.007 0.200  

  

  
 -0.007 0.190  

  

NPP   
 

  
 0.718 0.002 

      0.698 0.002 

DP 
      0.057 0.023 

      0.042 0.038 
† The symbols of traits are the same as in Table 2. 
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Table 5. Factor analysis for the studied traits in 60 quinoa genotypes  

 
Factor loading 

 
Trait First factor Second factor Third factor Communality 

Day to three leaves 0.825 -0.280 0.166 0.892 

Days to inflorescence formation 0.384 0.858 -0.116 0.897 

Days to inflorescence coloring 0.385 0.910 0.040 0.979 

Days to pollination 0.392 0.909 0.021 0.980 

Days to milk stage 0.379 0.911 -0.005 0.973 

Days to dough stage 0.381 0.915 -0.008 0.973 

Days to physiological maturity 0.235 -0.076 -0.543 0.355 

Plant height 0.094 0.144 0.742 0.580 

Panicle length 0.847 -0.317 0.210 0.861 

Number of panicles per plant 0.840 -0.216 -0.145 0.794 

1000-seed weight 0.885 -0.283 -0.077 0.873 

Saponin content -0.092 -0.064 0.620 0.398 

Protein content 0.878 -0.275 0.163 0.873 

Grain yield 0.888 -0.283 -0.077 0.874 

Harvest index 0.890 -0.285 -0.081 0.873 

Eigen value 5.940 4.826 1.409 - 

Variance (%) 39.602 32.173 9.393 - 

Cumulative variance (%) 39.602 71.775 81.167 - 
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Table 6. mean of total clusters for performance related traits and performance components 

Cluster 

† 
Number of 

genotype 
DL DI DC DP DM DD DPM PH 

1 25 15.83 49.11 56.36 66.71 77.1 84.6 122.92 101 

2 19 14.02 48.99 55.95 66.2 76.83 84.33 122.41 92.27 

3 16 12.81 48.35 55.55 65.95 76.3 83.8 118.41 99.07 

Total mean 14.05 48.86 55.97 66.29 76.78 84.28 121.51 96.85 

.2The symbols of traits are the same as in Table  † 

 

 2��R6 -                                        +*���                                                                              Table 6. Continued 

Cluster 

† 
Number of 

genotype 
PH PL NPP TSW SC PC GY 

1 25 18.12 27 2.92 1.94 0.22 3843.59 38.8 

2 19 16.98 25.51 2.49 1.95 0.21 3293.2 29.51 

3 16 15.76 22.21 1.96 2.11 0.19 2598.71 22.39 

Total mean 14.05 17.01 25.1 2.49 1.99 0.21 3285.43 

.2symbols of traits are the same as in Table  The † 
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Figure 1. Dendrogram from cluster analysis to group 60 quinoa genotypes studied in this research using Ward’s 

minimum variance method  
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