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ABSTRACT 
In order to determine the desirability based on the qualitative and quantitative traits of the fruit, 11 cultivars of apple spore 
type along with control cultivar Golden Delicious were used. These cultivars were evaluated in Kamalshahr Horticultural 
Research Station of Karaj during two crop years (2011–2012) in a randomized complete blocks design with three 
replications and fruit related traits including fruit weight, fruit length, fruit diameter, fruit firmness, acidity percentage, TSS, 
fruit yield, fruit–set % and number of fruits per tree were recorded during two years. Combined analysis of variance showed 
that the effect of year was significant only for fruit diameter and fruit weight at the probability level of 5 % (P≤0.05). The 
effect of cultivar on all traits, except fruit–set %, was significant at the probability level of 1% (P≤0.01). The highest fruit 
yield was observed in Yellowspur cultivar with a value of 23.39 kg per tree. Using specific scores as the weight of traits, 
adjusted selection index of ideal genotype (ASIIG) was calculated and it was observed that Yellowspur cultivar with an 
index value of 78.16 % similar to the ideal genotype has the highest desirability among the cultivars and Yellowspur along 
with Golden Smoothie and Deliciousspur cultivars were more desirable than Golden Delicious cultivar. The graphs obtained 
from the adjusted selection index of ideal genotype with appropriate grouping of experimental cultivars identified only 
Yellow spur cultivar as a completely desirable cultivar. 
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'+�� 0/ )Malus domestica Borkh ( � 9$	: 
��3+�� �,/�,/ �9;�3<& ���+ 1�**= � 1��#7�+  � 

Rosaceae "& �
�!. 0/  � >;�� 1#& "��� '/� 9= 
,?! �@ �� 93+�*
 � �,= 1��23/� 1 '/� � A�B�,CD �� 
9	� ����#?= ��E: '?= � F��,� ��� 1 "& �#
 .

F,3G( >�� �� 1#& ��E: 9! H;� I#*D J#K ��<;� 1 
-�.�� � 93���� ��� L$36& � >*M	� -�N7� 1O�,� ��� 

�,3G( "�PQ� 1 �� �=�,& RE& "D�CCSD 0/ �� 
'/�7� .1 �,&� �� 9G��C& �! ,��/ TU#VS&  "W�!

0/ )C7 "	E& ��V3.� �� ����#?= �**=�;#D 1 
� 93
� �  � ,X7 "7 � >�,3?! TU#VS& T����Q 

"W�! �� 9! �#+ ��V3+� ��� 1 '/� )Ahmadi et al., 

2017(  � )! ��E: �� 0/ ����! '?= ,�  Y%/ .
4717  '?= ,�  Y%/ >��  � 9= '/� ��3�� ����

  � )!87 '
��,! \#VS& >]D �#$& "&  .�#

 0D,D 9! ��E: �� 0/ 1�**=�;#D �,?� ����#?=

"& ��3GE; � 9=,D ����,&@ 1�S3& TU��� �>^  ��*
�!
1�� >�� ��  '/� 93K,( ��,. R32� 9BD� �� ��,�� ��*!

(FAO, 2019)\#VS& . 0/ "��  � '	�� �! >�,D 
TU#VS&  � T����Q ,X7 �  �_� ���@ '/� P` � ,! 1�

1 �D a��V& 'E: 5#+ �� �! �� ��#+ H+�� ��#?=  � 
,X7 ���@,K F �� ����� ����K� ��G! "�U�!  '/�

(Shadan, 2007)�#:� . -�.�� I#*3& 0/ �� ��,�� 
���&� >�� �� 9! 9! ��,(��b7 � �;#D ��(�**= "& ��� 

9= �� cd�*& L$36& \#VS& >�� '?= 'SD �! 
5�637� >�,3E! YSQ -�.�� ��,! ,� �9C%*& 9! 
9</#D '?= �@ �� �7 ��,e! �D  � HG7�3� -�.�� 

L$36& �� ,� R$.� 1��23/� 1�
 � >�,3?! 
��&�7�� �� f��,
  � �#:#& 9! '/�  �7��@)Damyar 

et al., 2013; Attar et al., 2013.(    
";�� ��gD#7O '+�*
 9=  �� 5#$%& ���

"& ��,� �,3	= T�2Q  � "`��  TU#VS&  ��*=
gD#7O 5�637�  "W�! TU#VS& �� 5#$%& ���

 9��� ,! ��<3& T�2Q h�/� ,! -�.�� "!�� �� -�$3G&
9! a�� "!�� �� .'/� ,(��b7  'E: ���<3& ���

�@ '	�� � T�2Q >! i�BD�� "��/�*
  1��23/� �! ��
��  �F '/� 93K,( T�#Q 1,j3&�*^ ���&@ ��� 

)Rezaei et al., 2020; Abdollahi et al., 2018; 

Shahi gharelor et al., 2011(.  ��! 9= �N7@  �
 "(�,3G( � "(�M�  � "W�! TU#VS& �� '!#$%&
 � ��&�	� 9<;�%& 9!  �7 �'/� ����#+,! �,3?!

! '2Q �*^ "!�� �� h�/� ,! R	VD k�6D� �#d 9
"& ��&�	�  ���#& ,3?! �� �>?� T�<;�%& .�
�!

 � "�37O I#*D "/�,! 9%� �� �E*D'��E7 �� 
1�,( gD#7O ��*! F�� h�/� ,! ��  �*^ ���&@ ���

"& 1,j3& F��  � "�� .�*
�!  "!#+ 9! 9= "���
gD#7O "!�� �� "��7�#D  ���� ��,. ,X7�l& h�/� ,! ��

7 �� � '2Q �*^ ��&�	� (���)gD#7O 5�637� '��E
1��� gD#7O 5�637� 4+�
 F�� ����� �� 5#$%& \@ 

)Selection Index of Ideal Genotype (SIIG)( 
"&  �
�!(Zali et al., 2015; Zali et al., 2016).  

 F��  �"4+�
 5�637� gD#7O 1��� \@" �� SIIG 
 F�� ��*B& ,! 9=TOPSIS )Hwang & Yoon, 1981( 

9��� "& �'/� 1�
 ������#D 9! ��&�	� �#d  >��*^  �
,m7#& @ ��#*` 9! '2Q (Tester)  5�637� � "!�� �� 'E:

"5#$%&"  ,X7�l& F�� >�� H�?& 1�	` .�#	7 1��23/�
 I#7 9! 9:#D �! '2Q ,� ��,! 0/�*& � � ����7 ��,.

 F�� �� .'/� cCS& "�PQ� a�� � \#VS&SIIG 

� � �  � T�2Q -�	D k�6D� -�N7�,/ � T�B/�S& �� "7�G�
,! �-�.�� '!#$%& ��#& �� R	VD F �� � �*3G� ����#+

"& 93K,( ,X7 �� T�2Q -�	D ��,! "7�G��  �#*=�D .�#

 � T�2Q ��&�	� "!�� �� 'E: L$36& 4+�
 >��*^

1�
 "K,<& gD#7O 5�637�  "(�M� ,! 1�P` 9= �7�
�,3&���� ���@,! 9!  �7 T�B/�S& F �� HB.  � �,m�� ��

'n��� � "eD#*K ����V3.� "& '2Q ,� ��,! �,�o� �
�! 
)Brim et al., 1959; Kampthorne & Nordskog, 

1959; Lin, 1978(";�� �� .F�� �� 9= SIIG  ,! 1�P`
 ���,3&���� ���@,! 9! � �7 �T�B/�S& "BG7 "(��/

"	7 �,m�� "B7�: �
�! )Zali & Barati, 2020(.  
�� �3/�� >�� �� "?��b� 9= 9! �#X*& "/�,! ,npD 

)*D ��	/]� ��83 >�U  -�*( -���� �� �� Y%/ 
HG7�3� ��	/]� �! 1��23/�  � 4+�
 SIIG � 
4+�
 ��� H	SD 9! "�?+ 9! ��#*` ,m7#& @ 1��23/� 

��
 97 gD#7O 9! )*D 9! H	3S& ��#*` ��	/]�  "K,<&
�7�
Emami et al., 2019)  9= "?��b� �� .( �#X*& 9!
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 �� "�?+ )*D 9! H	SD "!�� ��18  93K,?� >�U
-���� -�*( 4+�
  � 1��23/� �!  9! H	SD "!�� �� ���

 q+�
 9$/� 9! �E7@ r	ND � "�?+SIIG  -�N7�
>�U 9= ���,( 46?& �'K,(  ���C& ,s=��� 9= "���

 �"�?+ 9! H	SD Y%/ ,X7  � �*3
�� �� 4+�
 >��
��,! �7�#! 0/�*& R�� f��,
 �� '?= )Tadili et al., 

2020( 9= �,m�� cCSD �� .9! I#*D "/�,! �#X*&
gD#7O 5�637� � T�2Q >! f!��� �"�37O  �! ,D,! ���

 4+�
  � 1��23/�SIIG� gD#7O "+,! ���  1���� ���
 4+�
 >�� �'K,( -�N7� "`��  T�2Q h�/� ,! ��$=

gD#7O 'G7�#D @ ���1�,( 9! �� "?��&   � L<t ���
gD#7O 1�,( ,D,! ��� ���	7 ��*! )Abdollahi Hesar et 

al., 2020(.  

 9! 5#$%& 5�637� �"W�! T�CCSD �� "$= �#d 9!
 9!  �7 5�637� �� H+� T�2Q "(�,3G( H;�
 T�2Q 9$= ���� ';�+� ��,! ���=� �/ "��,d

9! *�@,K �� 5#$%& � � �! � ��&�	� �#d �� 5�637� �
gD#7O 4+�
 F�� .'/� gD#7O ao�  1���  \@

H��<D  � T�2Q "&�	D >3K,( ,X7 �� ,! 1�P` 93K��
�@ T�,n� 1b�� � � ��� ,� ��,! �7 "��  ,X7 �� '2Q

"& -�N7� h�/� �@ ,! T�B/�S& � 93K,(  .�,�o�
u,d 9v��� �! "K,d �   T�B/�S& ��*B& ,! ����#	7

"& 1�
 -�N7�  ��#D"/�,! ��,! �������  ,! �,V! ���
 gD#7O 4+�
 ��*B& 1��� H��<D \@  �D �,= ��N�� 93K��

Yt�� �#d 9!  h#	$& �  >! HQ�#K � ��,K� 1�m��: �,D
�@ .��,( 46?& '!#$%& w�S;  � ��  >��  � a��

1��� gD#7O 5�637� cCSD  '!#$%& ��*B& ,! \@
� � \�	`� �! 0/ -�.�� "x	= � "2=  ��,! 0/�*&

1�,( �'2Q ,� gD#7O "�K�,( ��*! )��	7 � ��
 ,n�D "/�,! >*M	� � -�.�� >! �� '!#$%& 9$Q�K
 �� ,m7#& @ ��#*` 9! '2Q >��*^ ���� ��,. ,X7�&

.�
�! "& 0/ -�.�� �� '!#$%& ��!  

  

=:� : 	��� �A  

��3+��  � cCSD >�� �� y*� 0/ 9;�/ �#:#& �� 
1�m3G�� "D�CCSD ,E?;�	=  �#e/� gD R.� 1� ��

�� H&�
 �#e/� (Red spur)� ��$( �#e/� )Golden 

spur( �#e/�#$� �(Yellow spur)� �� �#e/� ,�#= )Red 

cooper spur(� ,�#= �#e/� (Cooper spur)� �#(��� 
 �#e/�(Oregon spur)��$( � "D#	/� )Golden 

Smoothie(� "7�(  "D#!(Gany Beauty)� L^�� 
(Red Chief)� \� �#e/� (Well spur)� �?;� �#e/� 

(Delicious spur) 9! 1�,	� R.� ���
 ��$(  �?;�
(Golden Delicious)� "?��& @ 'SD �� 0;�. u,d 

z#$! ��� H&�= "K��VD �! 12 ��	D 9/ �� ��,�D 
�*3K,( ��,. 9<;�%& ��#& .-�.�� ��#& ,X7 ��� 9��� 

"?��� MM106 �7#� 1�
 � ��3+�� 9! T�#Q 
���#7 9! ���<D 6 '+�� �� ,� T,= �� 1�m3G�� \�	= 
,E
 93
�= 1�
 T�$	` .�7� "W�! H&�
  ���!@

)"
�e	/ �(���#7 ,! 9$` T�K@ "���#= � h,� � � 
 '!,D)�#S& ��=,& ,jD 93K�� (��3+�� 9! T�#Q 

'+�#*�� ,! ��� 9	� -�.�� -�N7� 93K,( 9! � T�& 5 
\�/ T��` �
� � ������� "�37O -�.�� 9! w�S; 

T�2Q "?��� "!�� �� � ,X7 'SD ��,. �*3K,( . ��
1#& � "����! |$�,& 1#& �! fBD,& T�2Q "��

 'K�! "32/ �1#& ,%. �1#& \#d �1#& � � :H&�

 �93��/� �Q�� �1#&TSS �Q�� � 1#& �,�$	` �

'
����� "W�! \�/ �� "d 1#& H�?D  �7�
 ����,!
(Atashkar et al., 2017).  

 >! 0/�*& 97 �#& � '2Q ,� T�,n� r	ND 'E:
 F�� �5�637� a�� 'E: �� T�2Q"4+�
 5�637� 

gD#7O 1��� \@ H��<D 93K��" )Adjusted selection 

index of ideal genotype (ASIIG)(  ��
 ��E*?�
F�� ��*B& ,! 9= F�� >�� ���TOPSIS   )Hwang 

& Yoon, 1981( )Technique of Order Preference 

Similarity to the Ideal Solution(  �SIIG )Zali et 

al., 2015(  �,:� ,�  u,
 9! '/� 1�
 1��E7 �*!
"& :��,(  

1- H�?D }�,D�& 1���  ��� H	3?& ,! 1���  ���
 � "x	= }�,D�& >�� �� .9<;�%& ��#& T�2Q "2=m 

 � '2Q ,� a,<&n .'/� gD#7O ,� a,<&  
  

11 12 1m

21 22 2m

n1 n 2 nm

x x x

x x x
D

x x x

 
 
 
 
 
 

K

K

M M O M

K   



546   :�����	� � ��	�� ���!�" !#$%&' �� �(�)* +,!" -�.�� /0 �! 1��23/�  � 4+�
 5�637�  ... 

 

 2 - \�&,7 � �/ }�,D�& 1��� �� ��,! ao� ,n� 
 9%!��  � 1��23/� �! h�C&rij  }�,D�& H�?D �R.  

       

11 12 1m

21 22 2m

n1 n 2 nm

r r r
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3 - ><D 5#$%& � �t 5#$%& ,� ��,! ~��<& 
 >�� ��9$�,& �#
 46?& ����<& I#7 ���!� 

 �����<& ."2*& �� �7��� 'Bs& 9B*: �� ����<&
 �� �@ )���K� 9= �*3G� "�����<& 'Bs& ��?7

�'/� gD#7O �� '!#$%& 1�*��  I#7  � ��<& >��
� � '/� 'Bs&5#$%& � �,3(��! �! ,!�,! �@ 9���� >

�t � ��<& �#3/5#$%& �^#= �! ,!�,! 9���� >�,D 
� }�<;�! "2*& �����<& ��,!  .'/� ��,!

�7��� 'Bs& ��! 9= "�����<&� 5#$%&  'Bs&
'/� ��<& �@ ���C& >�,3(��! ~ 9= "�����<& ��,!

 �7��� 'Bs& ��!5#$%&  �@ ���C& >�,3�^#= "2*&
'/� ��<& ~ ��! 9= "�����<& ��,! �7��� "2*&

5#$%& '/� ��<& �@ ���C& >�,3�^#= 'Bs& ~
 �7��� "2*& ��! 9= "�����<& ��,!5#$%&  "2*&

'/� ��<& �@ ���C& >�,3(��!.  
4-  >m7�& h�/� ,! '2Q ,� ��,! � � ><D

 � "��E7  �3&�  � �1,B+ 9/ H.��� T� �3&� � T�,X7
 a�� 'E: �� '2Q ,� 9! 1l� 5#$%& AP&�= � )��b�

 T� �3&� I#	N&  � '2Q ,� RE/ � 5�637� 1�m7�
"& -�N7� �T�2Q .�#
  

5- ���@,! 9$Q�K  � 5#$%& � �t .5#$%&  

m 2

i ij jj 1

m 2

i ij jj 1

d (r r )

d (r r )

 



 



 

 



   
di

+
 : ~5#$%&  � 9$Q�Kdi

- ~5#$%&�t  � 9$Q�K :
rij9���� : \�&,7 h,D�& ���.�
�! "& 1�
 � �/  

 6- 9B/�S& 1��&@ YSVD 1�
 ASIIG9^,� . 
���C& >�� 1��&@ 9! ���� ����7 ,D ��
�! '��B
 9! 
1��� \@ ,3?! � �� 9N37 gD#7O \#	?& 9! T�#Q 
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�� ��,�$	` ��#& �,�$	` ,s=��� �� �gD#7O ���C& 

1��� � \@ �,�$	` �>��� 9! ��#*` ���C& L<t �� ,X7 
93K,( "& �#
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}7����� "3+�#*�� ���D 'E: �>*M	�  ��%+ ���
 F��  � �)��& @ \�/ ,� �� "?��& @Fmax  "$D���

)Hartley's Fmax( ) �
 1��23/�Hartley, 1950.(  
'E: 1��� 0=,& 9��ND  ���K� -,7  � �� Minitab 

17 T�B/�S& ��,! �  1��&@ �! fBD,&ASIIG -,7  � ���K� 

R 3.4.4  �Excel 2016 .���,( 1��23/�  
  

 \��:1T� �3&� . ��(,B+ ��,! 0/ -�.�� �� 9<;�%& ��#& T�2Q.  
Table 1. Expert's scores for studied traits in apple cultivars.  

Traits/Variables 
Experts Scores 

Average Weight 
One Two Three 

Fruit weight (gr) 7 7 10 8 0.114 
Fruit length (cm) 9 8 7 8 0.114 
Fruit diameter (cm) 8 5 8 7 0.100 
Fruit firmness (Kg/cm2) 8 9 7 8 0.114 
Acidity (%) 3 7 5 5 0.071 
TSS (°Brix) 6 9 9 8 0.114 
Fruit yield (Kg/Tree) 10 10 10 10 0.143 
Fruit set (%) 9 9 9 9 0.129 
Number of fruits per tree 7 6 8 7 0.100 
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Table 2. Results of combined variance analysis effect of year and cultivar on some traits of apple. 

Source of 
Variation 
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Year 1 4877.7* 0.90ns 2.62* 1.71ns 0.00ns 0.16ns 886.98ns 1413.139** 51435.51ns 

Block (Year) 4 505.09 0.135 0.16 0.37 0.02 0.3 26.76 36.95 622.21 

Cultivar 11 6588.4** 2.02** 2.01** 3.52** 0.001** 10.19** 129.5** 32.27ns 7361.51** 
Cultivar × Year 11 352.8ns 0.06ns 0.11ns 0.36** 0.00ns 0.009ns 7.57ns 22.97ns 672.09ns 

Error 44 355.8 0.11 0.09 0.08 0.0004 0.93 26.49 12.05 1203.25 

CV(%)  11.92 5.28 4.21 7.79 8.72 5.59 38.71 29.92 39.06 

ns ،* �**: "*<& T��2D �#B7 0D,D 9! "*<& T��2D � ���  \�	3�� Y%/ �� ���5  �1 .�Q��  

ns, *, **: Non-significantly difference and significantly difference 5 and 1% of probability level, respectively. 
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(B  �1#& \#d(C  � �1#& ,%.(D  .0/ 1#& 'K�! "32/ 

Figure 1  . Comparison of Mean cultivar effect on 

traits A) Fruit weight, B) Fruit length, C) Fruit 
diameter, and D) Fruit firmness. 

  
 H�
2. m7�& 9G��C&,! R.� ,n� > T�2Q (A  �Q��

 �93��/�(B  �\#$S& �&�: ��#&(C  �� 1#& �,�$	`
 �'+��(D  � �1#& H�?D �Q��(E  .0/ 1#& ���<D 

Figure 2. Comparison of Mean cultivar effect on 

traits A) Acidity, B) TSS, C) Fruit Yield, D) Fruit 

Set, and E) Number of fruits per tree. 
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Table 3. ASIIG index calculated values for 12 apple 

cultivars. 
Cultivar d+ d- ASIIG Rank 

Oregon spur 0.0513 0.0243 0.3213 9 
Cooper spur 0.0406 0.0269 0.3986 5 

Delicious spur 0.0255 0.0447 0.6371 2 

Gany Beauty 0.0463 0.0230 0.3319 8 
Golden spur 0.0468 0.0158 0.2529 12 

Golden Delicious 0.0323 0.0319 0.4969 4 

Golden Smoothie 0.0290 0.0345 0.5427 3 
Red Chief 0.0481 0.0222 0.3153 10 

Red spur 0.0500 0.0222 0.3073 11 

Red cooper spur 0.0423 0.0228 0.3503 7 
Well spur 0.0490 0.0289 0.3710 6 

Yellow spur 0.0210 0.0527 0.7149 1 

  

    
  

 H�
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Figure 3. Grouping of 12 apple cultivars based on ASIIG index. 
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