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Table 1. Studied traits and their measurement method in selected genotypes and cultivars based on 
international almond descriptor (Gluckan, 1985). 

!����� p��'�A9 

Meagerment method  

�c�� 

Unit 

�9/�� 

Trait 

!��
" 

Number 
 :�9 round)1(� >7+����  oval)2(� >7+���� !�A.H  long oval)3(�  ���?"U	heart  

)4(�  !�A.H Long)5 (  
�H 

code 

I.J U	"!�A�  

Nut Shape 
1 

jA1�H 

Coulisse  

��A��=�  

mm 

I.J 
�O!�A�  

Nut Lenght 
2 

jA1�H 

Coulisse  

��A��=�  

mm 

I.J e��!�A�  

Nut Width 
3 

 ��8�$� 

Calculation  

��A� �=�

E��� 

mm2 

 
�O ×I.J e��!�A�  

Nut Length × Width 
4 

jA1�H 

Coulisse  
��A��=�  

mm 
KL� 
�O 

Kernel Lenght 
5 

jA1�H 

Coulisse  
��A��=�  

mm 
KL� e�� 
Kernel Width 

6 

 ��8�$� 

Calculation  

��A� �=�

E��� 
mm2 

 
�O ×KL� e��  

Kernel Length × 

Width 

7 

 ��8�$� 

Calculation  

% 

% 

68�0 �� KL� �&�: 

Kernel Percentage 
8 

 >H ��AJ very low)1(�  >H low)3(�  s8�=� intermediate)5(� :���  high )7(� AJ ��

 :��� very high)9 (  
�H 

code 
���P �=8�0 N�� 
Shell Color 

9 

 >H ��AJ very low)1( � >H low)3(�  s8�=� intermediate)5(�  :��� high)7(� AJ ��

:��� very high )9(   
�H 

code 
�=8�0 ��	$=8� ���P  

Shell Hardness 
10 

 

1 - NonPariel                                               2 - Ward method                                                   3 - Euclidean distance   
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�1�=A��: '����+  

Digital scale  

��9 

g 

 ���I.J!�A�  

Nut Weight 
11 

=A��: '����+�1� 

Digital scale  

��9 

g 

KL� ��� 
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���2- ��A
H M��A.A�M UH �AY��A�w��AAL+ q��^ � ����: M�AY��A� �� :�����=8� !��="� M��A4� ;��$�� M �9/��'��  !�" �������I.J KL� � !�A� �:36 ��9:�/� ��:�� >?� �. 

Table 2. Minimum, maximum, total mean, Std. deviation, Std. error of mean, range and coefficient of variation of evaluated nut and kernel traites in 36 genotypes and cultivars of almond. 

 ��� ���

 �	
��


��� (��) 

Shell 
Opening 
(Code)  

 �������

 �	
�� ���


��� (��) 

Marking 
of Outer 

Shell 
(Code)   

 �����

 �	
��


��� (��) 

Shell 
Thickness 

(Code)  

 ���

� ! "���

(#$%) 

Nut 
Weight 

(g)  

 #�&'	
(

 �	
��


��� (��) 

Shell 
Hardness 
(Code)  

 �	
�� )*�


��� (��) 

Shell 
Color 

(Code)  

 +�, × .$/

� !"��� 


0��)(1�$� $	� 

Nut Length × 
)2(mmidth W  

 .$/

� ! "���


0��)($	� 

Nut Width 
(mm)  

 +�,

� ! "���

)
0��($	� 

Nut Lenght 
(mm)  

 2&�

� !"��� 

(��) 

Nut 
Shape 
(Code)  

���� 

Origion  

����	
� 

Genotype  

�
�� 

Number  

1 1 5 2.51 3 5 470.94 16.7 28.2 3 Iran  ALC110  1  

1 3 5 1.91 5 3 415.54 15.8 26.3 3 Iran  ALC117  2  

1 5 3 2.3 3 3 678.51 18.9 35.9 4 Iran  ALC203  3  

1 1 5 2.64 5 3 711.04 20.2 35.2 4 Iran  ALC205  4  

1 5 5 2.39 3 5 558.6 19.6 28.5 3 Iran  ALC302  5  

1 3 5 2.63 3 7 589..44 19.2 30.7 4 Iran  ALC309  6  

1 3 7 4.03 9 5 663.3 20.1 33 3 Iran  ALC322  7  

1 1 3 1.42 1 3 471.9 16.5 28.6 4 Iran  ALC406  8  

1 3 5 1.77 3 5 489 15 32.6 4 Iran  ALC413  9  

1 3 7 5.92 7 5 942.48 25.2 37.4 2 Iran  ALC422  10  

1 5 5 2.56 5 5 740.44 21.4 34.6 3 Iran  ALC504  11  

1 3 5 2.59 3 7 511.56 17.4 29.4 3 Iran  ALC519  12  

1 5 5 1.35 3 1 436.46 15.7 27.8 4 Iran  ALC522  13  

1 5 3 1.94 3 1 459 17 27 3 Iran  ALC604  14  

5 7 3 1.1 1 1 419.12 16.9 24.8 2 Iran  ALC703  15  

1 3 7 5.81 9 1 857.9 23 37.3 3 Iran  ALC716  16  

1 5 5 1.88 3 1 454.14 17.4 26.1 2 Iran  ALC806  17  

1 3 5 4.21 5 3 534.36 18.3 29.2 3 Iran  ALC901  18  

1 7 3 2.24 1 1 677.1 22.2 30.5 2 Iran  ALC916  19  

1 5 5 4.23 7 5 796.5 22.5 35.4 3 Iran  ALC1006  20  

1 3 5 1.6 3 1 516.88 18.2 28.4 4 Iran  ALC1016  21  

1 1 5 3 5 3 699.66 20.7 33.8 3 Iran  ALC1101  22  

1 5 7 6.96 9 5 630.5 19.4 32.5 4 Iran  ALC1109  23  

1 3 5 2.21 5 5 849.68 24.7 34.4 3 Iran  ALC1111  24  
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1 5 5 3.25 7 7 646.8 19.6 33 4 Iran  ALC1201  25  

1 5 5 2.47 7 5 567 18.9 30 4 Iran  ALC1211  26  

1 5 7 2.5 7 5 546.07  20.3 26.9 4 Iran  ALC1304  27  

1 5 7 3.14 7 5 720.46 22.1 32.6 2 Iran ALC1406  28 

1 5 7 3.19 7 5 641.52 21.6 29.7 2 Iran ALC1604  29 

1 7 3 1.51 3 1 504.14 18.2 27.7 2 Iran ALC1809  30 

5 7 3  1.32 1 3 656.67 17.7 37.1 4 U.S.A.  NonPariel 31  

1 3 3 1.74 1 3 490.05 16.5 29.7 5 Iran Yalda 32 

1 3 5 3.95 5 5 783.18 22.9 34.2 3 France  Fragness 33 

1 1 5 2.4 3 5 436.1 17.8 24.5 2 Iran  Azar 34 

1 3 3 1.67 3 1 511.94 17.9 28.6 4 Iran Monagha 35 

1 5 5 2.46 5 5 844.74 24.7 34.2 2 Spain  A230 36 

1 1 3 1.1 1 1 415.54 15 24.5 2 
Minimum 

���3�  

5 7 7 6.96 9 7 942.48 25.2 37.4 5 
Maximum 

��� ��  

1.22±0.92 3.94±1.75 4.88±1.34 2.74±1.34 4.44±2.37 3.72±1.92 608.96±143.10 19.45±2.69 30.99±3.66 3.16±0.84 
Mean±SD 

2� 4�5*���  

0.15 0.29 0.22 0.22 0.39 0.32 23.85 0.45 0.61 0.14 
Std. Error of Mean  

"�6	�( 7�(�*�	
( �( 4�5*���  

4 6 4 5.86 8 6 526.94 10.20 12.90 3 
Range   

���(7 

75.40 44.41 27.45 48.90 53.37 51.61 23.49 13.83 11.81 26.58 
Coefficient of Variation  

�($��8� 9:$�  

Coefficient of Variation = (Std. deviation / mean) × 100   
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���2- .���:�  
Table 2. Continued.  

�8� ;<, 

(��) 
Kernel 
Taste 

(Code) 

�8� )*� 

(��) 
Kernel 
Color 

(Code) 

�8� ����� 

(��) 
Kernel 

Thickness 
(Code) 

� "�(�*(�8 

(��) 
Kernel 
Size 

(Code) 

�8� 2&� 

(��) 
Kernel 
Shape 
(Code) 

 �7 �=�7

��8� )%(  

Twin 
Kernel 

Percentage 
(%) 

�8�  ��� 

(#$%) 
Kernel 

Weight (g) 

�8� �=�7 

)%(  

Kernel 
Percentage 

(%) 

 +�, ×

 �8� .$/


0��) $	�

(1�$� 
Kernel 

Length × 
Width 
(mm2) 

 �8� .$/


0��)($	�  

Kernel 
Width 
(mm) 

 �8� +�,

)��0
$	�(  

Kernel 
Length 
(mm) 

? �� 
Origion 

��%7(@* 
Genotype 

A:7� 

Number 

1 5 3 5 7 1 0.71 28.22 210.18 9.3 22.6 Iran ALC110 1 

1 5 5 3 3 1 0.64 33.71 214.2 10.5 20.4 Iran ALC117 2 

1 5 5 7 3 5 1.31 57.13 307.36 11.3 27.2 Iran ALC203 3 

1 3 3 7 9 3 1.21 45.88 295.2 12 24.6 Iran ALC205 4 

1 4 5 5 5 7 1.35 56.4 297.37 13.1 22.7 Iran ALC302 5 

5 5 3 5 7 5 1.11 42.47 277.5 12.5 22.2 Iran ALC309 6 

5 5 3 5 7 3 0.82 20.49 272.6 11.6 23.5 Iran ALC322 7 

3 4 5 3 3 1 0.89 62.67 255.3 11.5 22.2 Iran ALC406 8 

1 2 7 7 5 1 1.08 61.18 287.68 11.6 24.8 Iran ALC413 9 

1 3 3 7 9 1 1.2 20.38 389.62 15.4 25.3 Iran ALC422 10 

1 5 7 7 3 1 1.15 45.03 365.75 13.3 27.5 Iran ALC504 11 

1 5 3 5 3 1 0.82 31.54 226.6 10.3 22 Iran ALC519 12 

1 4 5 3 3 7 0.81 59.79 206.61 9.7 21.3 Iran ALC522 13 

1 5 5 3 3 1 0.8 41.17 227.9 10.6 21.5 Iran ALC604 14 

1 3 7 5 3 1 0.88 80.01 227.7 11 20.7 Iran ALC703 15 

3 5 7 9 9 9 1.4 24.10 384.25 14.5 26.5 Iran ALC716 16 

1 2 5 3 3 1 0.79 42.16 224.7 10.7 21 Iran ALC806 17 

3 3 5 7 3 9 1.39 33.13 289.05 12.3 23.5 Iran ALC901 18 

3 3 7 7 7 3 1.3 53.91 282.15 13.5 20.9 Iran ALC916 19 

1 5 3 7 7 1 0.89 21.01 325 13 25 Iran ALC1006 20 

1 4 5 5 5 1 0.92 57.80 259.86 12.2 21.3 Iran ALC1016 21 

1 5 3 7 3 3 1.22 40.73 316.2 12.4 25.5 Iran ALC1101 22 

1 4 5 9 7 7 1.59 22.87 321.31 12.7 25.3 Iran ALC1109 23 

1 2 5 5 3 1 0.79 35.86 388.5 15 25.9 Iran ALC1111 24 
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3 5 3 7 9 1 0.99 30.50 312.48 12.6 24.8 Iran ALC1201 25 

1 5 5 5 3 3 0.74 30.19 287.28 12.6 22.8 Iran ALC1211 26 

3 4 5 3 3 1 0.94 37.67 243.6 12 20.3 Iran ALC1304 27 

3 3 5 7 9 1 1.07 33.96 334.17 14.1 23.7 Iran ALC1406 28 

1 5 3 5 7 1 1.01 31.54 318.6 13.5 23.6 Iran ALC1604 29 

1 4 7 5 5 1 1.04 68.37 252.72 11.7 21.6 Iran ALC1809 30 

1 3 5 5 5 3 1.11 83.89 348.16 12.8 27.2 U.S.A. NonPariel 31 

1 5 5 7 3 1 1.04 60.06 235.33 10.1 23.3 Iran Yalda 32 

1 3 5 9 7 1 1.42 35.99 391.92 14.2 27.6 France Fragness 33 

1 4 7 5 5 3 1.05 43.74 256.52 12.1 21.2 Iran Azar 34 

1 4 7 7 3 1 1.16 69.46 290.83 12.7 22.9 Iran Monagha 35 

1 4 3 5 7 1 0.97 39.31 311.85 13.5 23.1 Spain A230 36 

1 2 3 3 3 1 0.64 20.38 206.61 9.3 20.4 
Minimum 

���3�  

5 5 9 9 9 9 1.59 83.89 391.92 15.4 27.6 
Maximum 

��� ��  

1.61±1.15 4.02±0.99 4.83±1.46 5.72±1.73 5.16±2.26 
2.55± 
2.44 

1.04±0.23 
43.95±16.7

8 
289.89±53.

56 
12.27±1.45 23.48±2.16 

Mean±SD 

2� 4�5*���  

0.19 0.16 0.24 0.29 0.37 0.40 0.04 2.79 8.92 0.24 0.36 
Std. Error of Mean  

"�6	�( 7�(�*�	
(  �(4�5*��� 

4 3 6 6 6 8 0.95 63.51 185.31 6.10 7.20 
Range   

���(7 

71.42 24.62 30.22 30.24 43.79 95.68 22.11 38.17 18.47 11.81 9.19 
Coefficient of Variation  

�($��8� 9:$� 

Coefficient of Variation = (Std. deviation / mean) × 100   
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.��:�Y� !���.� ���9 �: >��A�P  3��+ �41�5� �:��678��"� 52 ��:�� >?� s8�+ De Giorgio ) ����	
� �6 ( <��� �:

 M�A1�=��20 I.J M6J�: �� {���� �9/�� ���? �8��� :��� KL� � !�A�6��9 �H �:  �� ��K�+�%1X���'  M��&� �8�%1X� 

 3�
�� �: 
�� ��&�97/75  % UH 3��+ ���9/����  .��:�H �A��+ ���%1X� � !���A9�� �: 
�� ��&�9/��'��  �&�: �=8�0

���P .:�� KL� ��� � 'KL� �: �&�: M�%1X� ��: ��&� �=.A� �� {����  :�	�
�KL� ���) 6J�: �� �:(  ��%1X�  ��8 ��&�

 !���A9�� �:��KA� ���P UH �%1F � - 
����H�+1  .:�� �:C��/0  �^�c �� ��K�+ �� !:�%=8� ���%1X���' ��&� 8� �� R�10 

�9/��  �8 M!�" :���%1X�  3�
�� �: ��=a���+ 
�� ��&�75/80 %  3��+ ���9/���� ��9:�/� .���H �A��+ �� '���: '���%1X� 

�=.A� 
�� ��&�M '���: I.J ����=.A� !�A� �  '�=.A� ���P �=8�0 ��	$=8� � 6��7^!:��  �zl5&� �� "�Y�8 ��:��" 

 <�a$���9:�/� .���"'��  '���:�%1X� I.J :�4�� M�=.A� ��: ��&� !�A��=.A�I.J ��� M �� ���P �=8�0 M:��� !�A�

 � �="�: s8�=� 6��7^zl5&� �� " ��:���
A��Y�8"  <�a$� .���" �� !:�%=8� �� ��K�+�%1X���'  ��&�'��� !��9 '���

>?���  ���9:�/� '�� ��:�� �41�5� :��� U��H ��O �� �A%�:��.     

 

 
���3- ��A=�'��  �� ��K�+�%1X���'  �: ��&�36 ��9:�/� ��:�� >?� �.  
Table 3. Results of principal components analysis for 36 almond genotypes and cultivars. 

 "@:� ��B�(7$��CDE��B  
Eigenvector of components 


%@:��B  
Traits  

�CDE� #�
 

Third component  
�CDE� #�7 

Second component  
�CDE� +�( 

First component  
  

- 0.170 0.111 0.895 

��� �	
�� ����� (��) 

Shell Thickness (Code) 

0.187 - 0.152 - 0.894 
�8� �=�7 )%(  

Kernel Percentage (%)  

- 0.105 0.318 0.855 

��� �	
�� #�&'	
( (��) 

Shell Hardness (Code)  

- 0.072 0.508 0.714 
� ! ���"��� (#$%) 

Nut Weight (g)  

0.199 0.115 0.649 

��� �	
�� )*� (��) 

Shell Color (Code)  

0.104 0.918 0.163 
� ! +�,
0��) "���($	� 

Nut Lenght (mm)  

- 0.277 0.886 0.282 
 +�, ×� ! .$/"��� 
0��)(1�$� $	� 

)2(mmidth W× ength LNut   

0.170 0.796 0.142 
�8� "�(�*( (��) 

Kernel Size (Code)  

- 0.507 0.717 0.329 
� ! .$/
0��) "���($	� 

Nut Width (mm)  

0.948 0.033 - 0.056 
� ! 2&�"��� (��) 

Nut Shape (Code)  

12.37 16.55 51.82 
(%) 
6F* G*�:�(� 

Relative Variance (%)  

80.75 68.37 51.82 
H� G*�:�(�(%) 
<3 

Comultative Variance (%)  

  

78  '�()*  

   wl0 ����F������+ ��:�
�  '�4� �8 �� '�4� �:>A8�+  �H ��H�F �4� �� ��� ��&� U��� I��� <�a$� ��v9 .:�"

 C�H��0��9:�/� � ��>?��� �� ��&� U���� ��� !:��$� �:��&�� �=_� �AA4+ �� ����+ ��9:�/� � ��>?��� F �A� w��%+ �� ��

� I
H M���
 !/�� ����9:�/� � ��>?�����  �8 �� � �: MI� �: �H�%1X�  >H ��Aa� ��:�2� '���:� :��� ��Aa� �����"�� )23(.         

 

1 - α-tocopherol     
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� '�()*"�78    

  : ��K�+�' �: �� !:�%=8� �� wl0�%1X�  �H ��: � 
�� ��&� 3�
�� �:37/68  % M��:�
� �A��+ �� j������ UH >_8 ��

 ����� U	") ��:�91C�H��0 '�4� �: C��
� '��� p�� ��� .( ��9:�/� � ��>?���  R�8� ���9/��'�� �mX�  �:�%1X���' 

�� !:�� ��H �� ��: � 
�� wl0 �� �Ac�� I� �: E
�+ � :�"��.��F �	A=�k ���.+ !���:�� �� .�"�� ��K�+ R�8� ��

:�'wl0M ��9:�/� � ��>?����� �: �H  �G� �� ����: ���? >� �� I�:K� !:��$� I��9/��'�� �mX�  �:�%1X���'  ��: � 
��

�� ���? !��9 I� �: � �="�: '�=.A� 6���" .���A9
�`� ��O �� ��9:�/��� 'ALC703 MALC1809 MALC413 MALC406  �

ALC1016  � �="�: '�=.A� 6���" �Y��	� ����=��9 ���? !��9 I� �:  U	")1(. : ��K�+ R�8� ���' Mwl0��9:�/� 

ALC716  �G� ���9/��'�� �mX�  �:�%1X���'  � (6�`� 6
a?) h58 ���+Q�� �: ��: � 
����9:�/�ALC117 �A��0 �: ���+

 ���? (�%�� 6
a?) h586"�: .  

  
Fig. 1. Biplot analysis (two-dimensional image) distribution of evaluated almond genotypes and cultivars based on effective 

traits in the first (PC1=51/82 %) and second (PC2=16/55 %) components. 

 U	"1- : ��K�+�'C�H��0 ('�4� �: ���W+) wl0 ��9:�/�� �� >?���'  R�8� �� ��:�� �41�5� :����9/��'�� �mX�  �:�%1X���' 
�� 

)82/51 % =  PC1(  ���: )55/16  %= PC2.(  

  

 '�()*'9�5�"          

�"�J ��K�+'�  R�8� �� !�" :�����=8� �AY��A�10 �9/�� �41�5� :���  
�O U��"I.J!�A� e�� MI.J!�A� M

U&�c e�� �: 
�O <�^I.J!�A�M I.J U	"M!�A� �&�:  �=8�0 ��	$=8� M���P �=8�0 N�� M���P �=8�0 �� KL�

 ��� M���PI.J M!�A�!����� KL� � ���P �=8�0 6��7^  ��:�9 ����� ���9����: ���68: !�A� '��� !��F '��36 ��9:�/�  �

 U	" �: ��:�� >?�2  ���9����: p�� .68� !�" !:�: ��.�Q��  ��&�� �:T�0 �?�A8�� M��9:�/� '��:���  �� �� �41�5�T�0 

:�
� >Aa2+ !��9  U	")2(.   

� �AA4+ '���9/��'��  �G� �� !��9 ���9/��'��  �� '��� �"�J �� �AY��A� M�41�5� :����9/��  �� �F ;��$�� �

 UH �AY��A��9/��  
���) ��:�9 ��8�$�4 z�" �� !�" :�� !��9 T�0 .(��� �� :��"��     

:
�" !�/1 ��9:�/� !��9 ��� �:'�� ALC110 MALC519 MALC302 MALC309 MALC1201 MALC1211 MALC901 � 

ALC1304 � .��=��9 ���? �nF >?� !��
� ��9/��'�� I.J 
�OI.J e�� M!�A�U&�c M!�A� e�� �: 
�O <�^
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I.J:�� �=
H UH �AY��A� �� KL� !����� � ���P �=8�0 �� KL� �&�: M!�A���� M  M���P �=8�0 ��	$=8� M���P �=8�0 N��

I.J ��� 6��7^ M!�A�I.J U	" � ���P �=8�0   .��="�: UH �AY��A� �� '�=.A� !�A�  

:��� !�/1 ��9:�/� !��9 ��� �: '��ALC203 � ALC413  �>?���' ��� �� KL� �&�: �9/�� .��=��9 ���? �2�� � ���� MU���0

� ���P �=8�0 �:�� UH �AY��A� �� �=.A� '��	"F ��O��� M I.J e��U&�c M!�A�
�O <�^ I.J e�� �: N�� M!�A�

I.J ��� M���P �=8�0 ��	$=8� M���P �=8�0� !��9 ��� �: .:�� �=
H UH �AY��A� �� ���P �=8�0 6��7^ � !�A� � ��O

��9:�/� S7.� '��"'v��H 68�0" ��9:�/� .��=��9 ���? :��� KL� �&�: � �"�� 68�0 N�� �� �� !��9 ��� '��

��J�� ��Q�� '��a0�����.��="�: KA� ��Q�� KL� :�	�
� � !:�� ��:   

:��� !�/1 ��9:�/� !��9 ��� �: '��ALC703 MALC1809 MALC916 MALC604 MALC806 MALC117 MALC522 M

ALC1016 � ALC406 �9/�� .��=��9 ���?I.J 
�O '��I.J e�� M!�A�I.J e�� �: 
�O <���&�c M!�A� M!�A�

I.J ��� M���P �=8�0 ��	$=8� M���P �=8�0 N���=
H UH �AY��A� �� ���P �=8�0 6��7^ � KL� !����� M!�A���� M  �&�:

��9:�/� .:�� �=.A� UH �AY��A� �� ���P �=8�0 �� KL�!�A� '���: !��9 ��� '�� ����"68�0 �
A�'v��H"  KL� �&�: ��

 ��A�F �G� �� � !:�� �AY
.P��9:�/� �K��� ��
" �� ��a0����� '��   .���F  

:���:; !�/1 ��9:�/� !��9 ��� �: '��ALC422 MALC716  �ALC1109 �9/�� .��=��9 ���?I.J 
�O '�� e�� M!�A�

I.JU&�c M!�A�I.J e�� �: 
�O <�^I.J ��� M���P �=8�0 ��	$=8� M!�A� �=8�0 6��7^ � KL� !����� M!�A�

P�=.A� UH �AY��A� �� ������ M ��9:�/� .:�� �=
H UH �AY��A� �� ���P �=8�0 �� KL� �&�:!�A� '���: !��9 ��� '�� �� ����

6"�: KL��+��� M 678 ���P �=8�0 �� �K� �P�9� �H ��:�� '�+>?��� U��H ��O �� "�Y�8" �� ��
" ��������� M  �G� ��

6"�: KL� �="�:
� � �+ ��A�F �G� �� �=.A� ���� :�	�K��c   .��=a� ':��� 6A
��  

  
Fig. 2. Dendrogram obtained by cluster analysis of 36 genotypes and cultivars of almond.  

 U	"2-  ���9����:!��F 68: �� �"�J ��K�+ �� '��9/��'�� 5� :��� �: �41�36 .��:�� >?� � ��9:�/�  
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���4-  UH �AY��A� �� ;��$�� � �AY��A�T�0 �"�J ��K�+ �� U&�c �"�J '��� '��9/��'�� ��:�� �: ������� :���.  
Table 4. Mean and standard deviation of five clusters obtained from cluster analysis for the evaluated traits of almond. 

 U	"

I.J!�A� 

(�H) 

Nut Shape 
(Code)  

 �=8�0 6��7^

���P (�H) 

Shell 
Thickness 

(Code)  

KL� !����� 

(�H) 

Kernel 
Size 

(Code)  

 ���

I.J!�A� 

(��9) 

Nut Weight 
(g)  

 ��	$=8�

P �=8�0��� 

(�H) 

Shell 
Hardness 
(Code)  

 �=8�0 N��

���P (�H) 

Shell 
Color 

(Code)  

KL� �&�: )%( 

Kernel 
Percentage 

(%)  

 
�O × e��

I.J !�A�

��A�)�=� 

E���( 

Nut Length 
× Width 

)2mm(  

I.J e�� !�A�

��A�)(�=� 

Nut Width 
(mm)  

 
�O

I.J !�A�

��A�)(�=�  
Nut lenght 

(mm)  

  9:�/��� 

Genotype  
�"�J 

Cluster  
 

3.33 5.22 5.22 2.77 4.55 5.44 37.09 540.09 18.64 28.93 
�AY��A�  

Mean 

ALC110 ,

ALC519 ,

Azar, 
ALC302,  
ALC309, 
ALC1201, 
ALC1211, 
ALC901, 
ALC1304 

1 

0.17 0.34 - 0.5 0.03 0.11 1.72 - 6.85 - 68.86 - 0.81 - 2.06 
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Table 5. Selected genotypes and five commercial cultivars of almond in northwest of Iran.  
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3 5 1.3 2.3 3 3 57.1 678.5 18.9 35.9 Iran  ALC 203  1  

5 1 1.1 1.7 3 5 61.1 489.1 15 32.6 Iran  ALC 413  2  

5 3 1.1 1.3 1 3 83.8 656.6 17.7 37.1 U.S.A.  Non Pariel  3  

3 1 1.0 1.7 1 3 60.0 490.1 16.5 29.7 Iran  Yalda  4  

3 1 1.1 1.6 3 1 69.4 511.9 17.9 28.6 Iran  Monagha  5  

9 1 1.1 3.1 7 5 33.9 720.4 22.1 32.6 Iran  ALC 1406  6  

7 1 1.0 3.2 7 5 31.5 641.5 21.6 29.7 Iran  ALC 1604  7  

7 3 0.8 4.0 9 5 20.4 663.3 20.1 33 Iran  ALC 322  8  

3 1 0.8 2.2 5 5 35.8 849.6 24.7 34.4 Iran  ALC 1111  9 
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3 3 1.2 3.0 5 3 40.7 699.6 20.7 33.8 Iran  ALC 1101  11 

9 3 1.2 2.6 5 3 45.8 711.0 20.2 35.2 Iran  ALC 205  12 

7 1 0.9 4.2 7 5 21.0 796.5 22.5 35.4 Iran ALC 1006  13 

7 1 0.9 2.4 5 5 39.3 844.7 24.7 34.2 Spain A230 14 

7 1 1.4 3.9 5 5 35.9 783.1 22.9 34.2 France  Fragness  15  
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Fig. 3. Nut and kernel of 10 selected genotypes and five commercial cultivars of almond in northwest of Iran. 
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Table 6. Correlation cofficients among nut and kernel traits in evaluated almond genotypes and cultivars 
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                          1  ** 0.637  * 0.405  
0��) "��� � ! .$/($	� 

Nut Width (mm)  

                        1  ** 0.926  ** 0.877  0.203 -   +�, ×"��� � ! .$/ 
0��)(1�$� $	� 

)2Nut Length × Width (mm  

                      1  ** 0.907  ** 0.466  ** 0.876  0.179  
�8� +�, 
0��)($	� 

Kernel Length (mm)  

                    1  ** 0.523  ** 0.822  ** 0.861  ** 0.607  0.296 -  �8� .$/ 
0��)($	� 

Kernel Width (mm)  

                  1  ** 0.902  ** 0.837  ** 0.883  ** 0.787  ** 0.824  0.110 -   +�, ×�8� .$/ 
0��)(1�$� $	� 

)2Width (mm ×Kernel Length   

                1  0.270 -  0.277  0.166 -  ** 0.439  -  ** 0.489  -  0.266 -  0.211  
�
�� �� �8� �=�7 )%( 

Kernel Percentage (%)  

              1  ** 0.523  -  0.283  0.238  0.273  0.296  0.286  0.274  0.065  

��� �	
�� )*� (��) 

Shell Color (Code)  

            1  * 0.391  ** 0.805  -  
** 

0.469  
** 0.463  * 0.335  ** 0.540  ** 0.546  * 0.419  0.095 -  
��� �	
�� #�&'	
( (��) 

Shell Hardness (Code)  

          1  ** 0.781  0.329  ** 0.744  -  
** 

0.555  
** 0.504  ** 0.454  ** 0.591  ** 0.546  ** 0.508  0.124 -  "��� � ! ��� (#$%) 

Nut Weight (g)  

        1  ** 0.553  0.159  0.008 -  0.020  
** 

0.566  
** 0.496  ** 0.526  * 0.408  * 0.337  ** 0.444  0.053  

�8� ��� (#$%) 

Kernel Weight (g)  

      1  0.161 -  0.110  0.224  0.198  0.292 -  0.197 -  0.277 -  0.026 -  0.082 -  0.104 -  0.033 -  0.231  
�8� )*� (��) 

Kernel Color (Code)  

    1  0.134  0.075  0.210  0.253  0.208  0.241 -  0.011  0.125  0.116 -  0.091  0.122  0.062  0.068  
�8� ;<, (��) 

Kernel Taste (Code)  

  1  0.266  0.045  0.109  ** 0.688  ** 0.838  ** 0.473  ** 0.752  -  * 0.330  * 0.383  0.150  * 0.401  ** 0.453  0.248  0.184 -  �	
�� ����� ��)( 

Shell Thickness (Code)  

1  * 0.345  -  0.130 -  0.253 -  0.053 -  0.281 -  * 0.357  -  0.220 -  ** 0.557  0.009 -  0.063  0.053  0.122 -  0.196 -  0.003 -  0.049 -  �	
�� ��� ��� (��) 

Shell Opening (Code)  
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   �41�5� I� �: Momenpour ����	
� � )22( !����� �� �� �J�� '�A9�9/��'�� I.J� � !�A� ��:�: ��.� ��:�� KL �H

I.J ��� � 6��7^ Me�� M
�O �� K�8 68�0 '���: !�A� ��� � 6��7^ Me�� M
�O � !�A�>��A�P ^ Me�� M
�O �� 6��7

 h58 �: �Y��
� �� ���O �: w��& �� KL� ��� �1 ��4� 6�`� �Y=a�
� '���: % C��H �� C��K�� �H �+��& �� M��:�� '��:

 ��� �� I� ���9/����  C��H �� � C��K�� ���� qA+�+ ���9/�� �� '�Y�: .�">��A�P  6�a� M>1�8 '��KL� �&�: �� KL� >4O

���P �=8�0 �� KL� ���M �:KL� N�� w�" MV�0 '��KL� �& �  �� �H '�$� �� M��:�� �Y=a�
� '���: KL� �:�� ;�& �� ���

;�& KL� ��2P�"�� �F N�� � �+���A" KL� >4O M:�� �=
H V�0 '��KL� �&�: � �+<��5� � �+ �+���" )22( .>��A�PM 

Talhouk ����	
� � )30( �8��� �� �9/��'�� 67�� �8��"149 ��9:�/� ��  ��:�� �.c� ���9 �8(A. communis, A. 

orientalis, A. korshinskyi) ����  �8��� �H ��:�H :�_�.A0 ����1�9/��'�� I.J 3��+ ������� '��� q8��� �"�� MKL� � !�A�

68� �	A=�k�  �����9/��'��  ��:�� !�A� �
H��� m}+A� :��: �H��� �AAL+ �5A$� s���" )30( �� . �: UA1: �A
�C��/0  �^�c

 ������� '�����9:�/�  M�41�5� :����9/��'�� I.J.6��9 ���? ���+ :��� ��:�� KL� � !�A�  

'.�+�����  

  �:C��/0 M�^�c ��9:�/� � ��>?���' :�� �41�5� :����9/�� �G� �� ��I.J '�� '��	"F w��%+ �Y��	� �� KL� � !�A�

p�� :����H .��="�:�2�O '��� !�AL=� ��P '���F '����k '��� ��:�� >8l0��U��H ��O �mX�  R�8� �� � :���9/��'��  :���

 M�8�����9:�/�!��9 �: ���.� '��
� M���8��" .��=��9 ���? >� �� I�:K� '��E��k ������� � '��F �25�� ��:�� >8l0 
�
"

<�� ������ '���� �: ��9 �A1�� :��� �	A=�k 3��+ �� ���+ �� ������� '��':�/� �25�� ��� �: 68� |A&�+ �� !:�%=8� � �9

�A� �41�5� '��� ��:�� ���
1��9/��'�� ��678��"�  6�m ��9/��'�� ��9:�/��F �a��2� � �� >?� ����P �� ���=J��" !�"

 <�7=�� �: '�4� ��9 ����J � ��J�: '���+��9:�/��� C7��A�� '�� R�8��� .�"����A=�'�� M�^�c C��/0 ��9:�/� '��

ALC203 � ALC413  �K� � �="�: ��Q�� ���P �=8�0 �� KL� �&�:��9:�/� '��"68�0v��H'"  .��:��>��A�P ��9:�/� '��

ALC1406 MALC1604 MALC322 MALC1111 MALC504 MALC1101 MALC205 � ALC1006  !�A� '���: �� ���� !����� KL�

~�K� �P�9� � !:�� �+��:�� !��9 ��'�� "�
A��Y�8" �� ��
" ��������� M 6"�: KL� �:�� ���: UA1: �� �K� ��A�F �G� �� �+

��9:�/� '���+�� �� <�a$� .���"���9:�/�� 'C��K9!�"  M����: ':��� 6A
�� ��A�F � '��a0����� �G� �� �H������� 
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Research article 
 

Nut and Kernel Characteristics of Some Almond Cultivars and Genotypes in 

Northwest of Iran1 
 

M. Zarrinbal*, H. Fathi, J. Dezhampour and S. A. Mousavizadeh11  
 

 It is important to study the morphological diversity of native almond genotypes with the aim 
of selecting and introducing new cultivars. In this study, 30 native collected genotypes and six 
commercial cultivars of almond were evaluated in terms of 22 quantitative and qualitative traits 
of nut and kernel. High diversity was observed for nut weight, shell color, shell hardness, shell 
opening, kernel taste, and kernel percentage among evaluated genotypes. Cluster analysis based 
on index traits divided these genotypes into five groups. The genotypes ALC203 and ALC413 
and the cultivars Non-pariel, Yalda, and Manaqha which were located in the second cluster, had 
thin shell with high percentage of kernel that are important for nut consumption. In principal 
components analysis based on the average of 10 index traits, the first three main components 
explained a total of 80.75 % of the diversity of traits. In the first main component, nut weight, 
shell thickness and shell hardness and in the second main component, nut and kernel size had the 
major part in the separation of genotypes. Shell hardness had significant positive correlation with 
shell thickness and nut weight. Kernel percentage had significant negative correlation with shell 
thickness and its hardness but showed positive correlation with shell opening. These results are 
useful for selecting new promising genotypes of almond.   
Keywords: Almond, Cluster analysis, Morphological diversity, Nut, Principal components 
analysis.            
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