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ABSTRACT 

Iran is the third distribution center of the genus Eremurus with seven species, three subspecies and one hybrid. In order to 
study inter and intra specific genetic variation, 87 genotypes representing six species including E. inderiensis, E. olgae, E. 
persicus, E. stenophyllus, E. luteus and E. spectabilis collected from nine provinces were evaluated in terms of quantitative 
and qualitative morphological traits. Factors analysis showed that five components accounted 96% of total variances. 
Inflorescence, shoot and plant height, flower color, leaf number and fruit shape were constituted as main factors. Cluster 
analysis divided genotypes into six clusters at species level. The populations within each group were geographically 
different, indicating that there was no relationship between cluster pattern based on morphological traits and geographic 
distribution of the specimens. Calculating correlation coefficients using morphological data showed that there were positive 
correlations among most of the quantitative traits. Generally, the results showed that Eremurus genotypes have a high 
genetic diversity in regard to the studied traits. Based on morphological results, E. olgae and E. stenophyllus have breeding 
potential for cut flower, while E. inderiensis, E. persicus and E. luteus are suitable species for rock gardens and landscape 
design applications. 
 
Keywords: Cluster analysis, Eremurus, genetic variation, morphological analysis. 
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Table 1. Qualitative traits studied in different 

genotypes of Eremurus 
Code Descriptor state Characters 

1 White-yellow 

Tepal color 

3 Pink 

5 Pale yellow 
7 White 

9 Yellow 

11 Orange 

13 Pale pink 

1 One nerve 
Tepal nerve 

3 Three nerves 

1 Incurved 

Tepal tip 3 Recurved 

5 Erect 

1 Tubular 

Flower shape 3 Subrotate 

5 Campanulate 

1 Ciliate 
Bract margin 

3 Glabrous 

1 Globose 
Fruit shape 

3 Ellipsoidal 

1 Ciliate 
Leaves indumentum: margin 

3 Glabrous 

1 Hairy 
Leaves indumentum: surface 

3 Glabrous 
  

  

  
 QV
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Figure 1. Geographical distribution map of Eremurus species in Iran 
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 H�<-2. &'��a� 2M'� � <T�� +!�'�%� 5=L�� �> �� ~30�!o  D�>

)'&*  
Table 2. Eigen values and component variance 

percentage in Eremurus genotypes 
Cumulative 

variance% 

Relative 

variance% 
Eigen value PC 

38.592 38.592 6.5607 1 

66.363 27.771 4.7210 2 

79.399 13.036 2.2161 3 

88.821 9.422 1.6018 4 

95.823 7.002 1.1903 5 
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 D�- ��8 �� %� D�W� 
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~30�!o �%  8&$ 5AL�g� 1'% �� .�%� 5!�: D�>  D�>

&$ ��iL �% x��`�~30�!o &'�* 5$ 4"�! S�=T  8  �>
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H�<- 3 . *�&$ ���� S�=T  ���� �'��! �� 5'/s0 5$ 5=L�� D�>  �T% �� ~30�!o D�> )'&*  
Table 3. Factor results of the traits in the analysis of principal components in Eremurus spp. genotypes 

Trait Component 1 Component 2 Component 3 Component 4 Component 5 

Cumulative variance percentage 38.59 27.71 13.03 9.42 7.002 

Inflorescence length 0.35078 0.11000 -0.05955 -0.16124 0.22999 

Shoot length 0.37145 -0.02075 0.00086 -0.03917 -0.14626 
Plant length 0.38389 0.04301 -0.03077 -0.10148 0.03269 

Leaf length 0.12719 0.24272 0.46986 -0.23745 0.13446 

Leaf number 0.05646 0.42696 -0.06342 -0.16477 0.10849 
Stem diameter 0.25326 -0.21969 -0.13332 0.43928 0.04890 

Rhizome number 0.21538 -0.16879 -0.02688 0.06507 -0.54918 
Rhizome diameter 0.26607 -0.28928 0.04634 0.09184 0.31848 
Peduncle length 0.23494 0.11551 -0.27311 0.26788 0.43264 
Tepal color -0.09394 0.38639 0.06767 0.23895 -0.08549 
Teal nerve -0.06700 -0.33095 0.27584 -0.38272 0.07027 

Tepal tip 0.20574 0.32239 -0.25963 0.04315 -0.18125 

Flower shape 0.19412 -0.07695 0.39540 0.42391 -0.27442 
Bract margin 0.27727 0.20851 -0.15860 -0.31051 -0.23302 

Fruit shape -0.20349 0.26633 0.23935 0.33232 0.22822 

Leaves indumentum: margin 0.31629 -0.13392 0.28947 -0.05156 0.24082 
Leaves indumentum: surface 0.15513 0.26384 0.45259 0.08124 -0.13202 

 * :  ���� J'&W QI%<E0.32   

 *$ �%�  ,A� �<� �5=L�� &> ��5��-& .4*% 2<
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Figure 2. Biplot analysis for Eremurus species using two components in factors analysis 
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Figure 3. Cluster analysis of Eremurus spp. genotypes by Ward method 
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Table 4. Correlation coefficients among quantitative measured traits in Eremurus spp. genotypes 

 Inflorescence  

length 

Stem  

length 

Plant   

length 

Leaf  

length 

Leaf  

number 

Stem  

diameter 

Rhizome  

number  

Rhizome  

diameter 

Peduncle  

length 

Inflorescence length     1.0000         

Stem length 0.4483** 1.0000        

Plant length 0.8223** 0.8772** 1.0000       

Leaf length 0.4715** 0.2568** 0.4165** 1.0000      

Leaf number 0.4332** 0.0545 0.2674 0.2079 1.0000     

Stem diameter     0.1318 -0.0764 0.0221 -0.2737** -0.0577 1.0000    

Rhizome number      0.1245 0.2346** 0.2160 0.0414 -0.2185** 0.0656 1.0000   

Rhizome diameter 0.5736** 0.2931** 0.4949** 0.1282 0.3001** 0.1754 0.0086 1.0000  

Peduncle length 0.6680** 0.2244** 0.5017** 0.0679 0.5647** 0.3280** -0.0961 0.6051** 1.0000 

 ,A� S��=0 :**  H�	�E% hg* �� �%�1 <T�� .                                                               **: Significantly difference at 1% of probability level. 

  

���)� ��, ���-  
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~30�!o 5$ ��m,� 5$ �X!K 13$ ��  
��% �$ D�> � D�%M!

 2��=�*% N�*% &$ .��	! %<3@ 2�3: � Q: ;��&@ ��

 *�&$ ��s!% D�>  :M'� D�� 2<
 +,-  �`'� D�>

 � �
%&'% �� )'&* 5!�: 56 47&: 5s3�! 
%�0D�>  

E. olgea  �E. stenophyllus 5$ 5
�8 1�
%� Q3L�  D�>

Q:  ��&7 5$ &bi,� D&>�_ �^6%&�� � �!��d!� <,�$ 1'wK

 Q3�!��@5$D�%M!  Q: <3L�0 4X-58�
 2<'&$  �

5!�:  D�>E. inderiensis �E. luteus �E. presicus  4T&7

5$D�%M! 5$ 4X- ��$ �� D&3:��6 2&`T D�>  D�z7 � D%

 � %�%� %� /"*  .<,
�$ �$ �  !%<3� S%<>�F� N�*% &$

 5!�: &'�8w <'<
 )>�6 5$ 5-�0E. inderiensis ��3! �

 D&�% 5!�: 1'% �% 4_�=E 5$.<*�  � &m! 5$ D��&W  
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