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Table 1. Genotypes used for assessment Intra-cultivar variation of Akbari and Ahmadaghai cultivars. 

 

1 - Ward method 

��1=�+
 

Genotype 

  �A 

Code 

   `�� ;��"��C 

            Collecting site 

	��3���P� >3W:�� 

Geographical location 

F�=�  

Row 

"��A� 9:�   

AK  

 
AK1 

|�
  

 )Nogh( 
R40 375854 3413907 1 

9:� "��A�  

AK 

 
AK2 

|�
  

 )Nogh(  
R40 375849 3413891 2 

9:� "��A�  

AK 

 
AK3 

|�
  

 )Nogh(  
R40 375779 3413928 3 

9:� "��A�  

AK 

 
AK4 

|�
  

 )Nogh(  
R40 375793 3413943 4 

9:� "��A�  

AK 

 
AK5 

 |�
  

)Nogh(  
R40 387401 3405330 5 

9:� "��A�  

AK 

 
AK6 

) |�
Nogh(  
R40 387420 3405339 6 

9:� "��A�  

AK 

 
AK7 

�3�_@�  

Islamieh)(  
R40 410038 3375604 7 

9:� "��A�  

AK 

 
AK8 

�3�_@�  

)Islamieh(  
R40 409969 3375544 8 

9:� "��A�  

AK 

 
AK9 

�3�_@�  

 )Islamieh(  
R40 410223 3375402 9 

9:� "��A�  

AK 

 
AK10 

�3�_@�  

)Islamieh(  
R40 409810 3375637 10 

9:� "��A�  

AK 

 
AK11 

�3�_@�  

)Islamieh(  
R40 410261 3375445 11 

9:� "��A�  

AK 

 
AK12 

�3y� A  

)Islamieh(  
R40 406132 3371321 12 

9:� "��A�  

AK 

 
AK13 

�3y� A  

)Kafaieh(  
R40 406026 3371578 13 

	��:C��B� 9:�  

AH 

 
AH1 

 |�
  

)Nogh(  
R40 411724 3375072 14 

	��:C��B� 9:�  

AH 

 
AH2 

 |�
  

)Nogh(  
R40 411726 3375052 15 

	��:C��B� 9:�   

AH 

 
AH3 

|�
  

 )Nogh(  
R40 411741 3375066 16 

	��:C��B� 9:�  

AH 

 
AH4 

|�
  

 )Nogh(  
R40 411945 3375037 17 

	��:C��B� 9:�  

AH 

 
AH5 

|�
  

 )nogh(  
R40 410897 3375480 18 
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��
13�" �= ���"���5 40  �%80 	4
�@"�4�.  

Table 2. Physical and chemical characteristics of the soil of the sampled orchards at the depth of 40 to 80 cm. 

	��:C��B� 9:�  

AH 

 
AH6 

|�
  

 )nogh(  
R40 405523 3372020 19 

	��:C��B� 9:�  

AH 

 
AH7 

|�
  

 )Nogh(  
R40 405162 3371865 20 

	��:C��B� 9:�  

AH 

 
AH8 

�3y� A  

)Kafaieh(  
R40 404776 3371889 21 

� 9:�	��:C��B  

AH 

 
AH9 

�3y�2*A  

 )Koshkoyieh(  
R40 419576 3388355 22 

	��:C��B� 9:�  

AH 

 
AH10 

�3y�2*A  

)Koshkoyieh(  
R40 419603 3388341 23 

	��:C��B� 9:�  

AH 

 
AH11 

�3y�2*A  

)Koshkoyieh(  
R40 406094 3375280 24 

	��:C��B� 9:�  

AH  

 
AH12 

�3y�2*A  

)Koshkoyieh(  
R40 405904 3375470 25 

 AK=  Akbari           AH= Ahmadaghai 

y�2*A�3  

Koshkoyieh 

�3y� A 

Kafaieh 

�3�_@� 

Islamieh 

|�
 

Nogh 

	1+���#  

Characteristics  
                  g��40 - 80 	4
�@  "�4�   (Depth of 40 -80 cm)  

7.99 6.84 7.78 7.48 
 	,~�  

pH 

6.4 14.0 6.1 11.9 
 "��� 

Salinity (dS/m) 

0.33  - 0.33 0.36 
 	-C �=�� 

Organic matter (%) 

76 87 58 68 
 6� 

Sand (%) 

15 7 20 18 
G� 

Clay (%) 

9 6 22 14 
 >�3@ 

Silt (%) 

5.50 35.60 5.24 8.39 
dH� ;��: � 8� 

P ava (ppm) 

313.5 498.3 344.3 257.3 
dH� ;��: 93@�4, 

K ava (ppm) 

1209.3 2177.4 1048.4 1935.5 

U���� 9��@ 

Soluble sodium 
(ppm) 

147.6 2051.8 168.5 210.2 
U���� 938�A 

Soluble Ca (ppm) 

22.7 327.0 124.7 147.4 
U���� 9�J3�� 

  Soluble Mg (ppm) 

10.16 16.90 4.92 12.52 
dH� ;��: 6#C 

Fe ava (ppm) 
1.43 2.11 2.24 1.69 dH� ;��: J�7�� 
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�� �
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 �A =�� 	A�, �!�= � O�� X��63/8 �� ><�= S� %�� .=��
 �3��% �� ;A M
����� /� �!�= �� 	��D�%  E9*� ;��� �����

Mn ava (ppm) 

0.06 2.20 0.09 0.05 
 dH� ;��: "�� 

Zn ava (ppm) 

0.71 0.67 0.96 0.72 
 dH� ;��: M� 

Cu ava (ppm) 
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�=100 (JP� �
�= =��  �A86/47  �3��% �� ;A M
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�� � �
=�A 	%���� 	1+�� 6�� R32 % �= �� i.
 6��4*3� �#��1=�+
9:� "�#"�#  "��A�� ��B� 	��:C.�
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U��� 3- E��3�A E��3*3� 637
�3� � b��Y �#�33P% �= 	1+��"�# >?��	@��� �/��
�"�31 ��� �= 9:� �48, "��A�.  

Table 3. Minimum, maximum, mean and coefficients of variations in the morphological traits measured in the 
pistachio cv. Akbari. 

�33P% b��Y 

Coefficient 
of 

variations 

637
�3� 

Average 

��3*3� 

Maximu
m 

��3�A 

Minimum 

�B�� 

Unit 

�A 

Code 
	1+��  

Traits 

F�=�

Row 

5.85 2.56 3.50 1.50 
 	4
�@�4�  

cm 
H 

><�= S� %�� 

Tree height 
1 

3.55 13.49 15.77 10.37 
	4
�@�4�   

cm 
LL 

O�� U�V 

Leaf length 
2 

2.41 12.01 14.15 9.95 
	4
�@�4�   

cm 
LW 

O�� X�� 

Leaf width 
3 

2.67 1.12 1.30 0.90 
>�8
 

Ratio 
LL/LW 

�N1�� X�� �� U�V b8
 

Leaflet length/width ratio 
4 

4 7.49 9.49 4.90 
	4
�@�4�   

cm 
TLL 

D4
� �N1�� U�V	��  

Terminal leaflet length 
5 

3.56 4.21 5.13 3.42 
	4
�@�4�   

cm 
TLW 

	��D4
� �N1�� X�� 

Terminal leaflet width 
6 

7.85 1.91 3.44 0.98 
  >�8
  

Ratio 
TLL/TL

W 

 >�8
�N1�� X�� �� U�V  

	��D4
� 

Terminal leaflet 
length/width ratio 

7 

5.84 63 101 52 
  =��W%

Number 
NN100 

 =��W%��3� R*<  �=100 ��1  

Number of nuts in 100 g 
8 

1.47 26.34 29.46 24.19 
 	�3��4�  

mm 
NL 

��3� R*< U�V 

Nut length 
9 

1.15 14.77 15.89 13.86 
	�3��4�  

mm 
NW 

��3� R*< X�� 

Nut width 
10 

1.69 13.6 14.87 11.67 
	�3��4�  

mm 
NT 

��3� R*< >��?Y 

Nut thickness 
11 

5 155.99 190.36 99.6 
  ��1  

g 
WN100 

 �! �/� ��3� R*< =��  

100-Nut weight 
12 

4.36 19.91 25.74 17.12 
	�3��4�  

mm 
KL 

 U�V��3� R*<  

Kernel length 
13 

1.27 10.20 11.05 9.57 
	�3��4�  

mm 
KW 

JP� X�� 

Kernel width 
14 

1.86 9.65 10.45 7.97 
	�3��4�  

mm 
KT 

JP� >��?Y 

Kernel thickness 
15 

9.55 82.47 110.80 18.71 
 ��1  

g 
WK 

 �/�100 JP�  

100-Kernel weight 
16 

12.32 0.733 0.96 0.03 
 �!�=  

percentage 
KH 

	
���< �!�= 

Dehisced percentage (%) 
17 

9.80 20 30 10 
 �!�=  

percentage 
PO 

 �!�=	A�,  

Blankness percentage (%) 
18 

100 ×637
�3� / =���
�4@� "�e<=�33P% b��Y* 

CV=SD/µ*100 



@���	 �= S��%�:� ��	 748��# � �48,	 �36 ...  

279 

 U���4-  b��Y � 637
�3� E��3*3� E��3�A �#�33P%	1+�� �=>?�� "�#�/��
� 	@��� �48, 9:� �= ��� "�31��B�	��:C.  

Table 4. Minimum, maximum, mean and coefficients of variations in the morphological traits measured in the 
pistachio cv. Ahmad-Aghaii. 

[��33P% b��Y 

Coefficient 
of 

variations 

637
�3� 

Average 
��3*3� 

Maximum 
��3�A 

Minimum 
�B�� 

Unit 
�A 

Code 
	1+��  

Traits 
F�=� 

Row 

6.48 2.16 3 1.50 
 �4�  

m 
H 

><�= S� %�� 

Tree height 
1 

2.95 13.20 14.80 11.10 
	4
�@�4�  

cm 
LL 

O�� U�V 

Leaf length 
2 

2.44 11.85 13 9.25 
	4
�@�4�  

cm 
LW 

O�� X�� 

Leaf width 
3 

1.80 1.11 1.23 1.10 
  >�8


Ratio 
LL/LW 

�N1�� X�� �� U�V b8
 	��D4
�  

Terminal leaflet/width 
ratio 

4 

2.90 7.57 9.40 6.81 
	4
�@�4�  

cm 
TLL 

	��D4
� �N1�� U�V 

Terminal leaflet length 
5 

3.57 4.48 5.60 3.72 
	4
�@�4�  

cm 
TLW 

	��D4
� �N1�� X��Terminal 

leaflet width 
6 

2.94 1.70 2.03 1.38 
 >�8


Ratio 
TLL/TL

W 

�N1�� X�� �� U�V >�8
 

	��D4
� 

Terminal leaflet/width 
ratio 

7 

10.64 76.25 140 56 
 =��W%  

Number 
NN100 

 =��W%��3� R*<  �=100 ��1  

Number of nuts in 100 g 
8 

0.67 23.76 24.68 22.95 
 	�3�  �4�

mm 
NL 

��3� R*< U�V 

Nut length 
9 

0.57 15.61 16.09 14.96 
	�3�  �4�

mm 
NW 

��3� R*< X�� 

Nut width 
10 

1.54 14.84 15.63 13.07 
	�3�  �4�

mm 
NT 

��3� R*< >��?Y 

Nut thickness 
11 

2.54 163.34 180.56 138.44 
  ��1  

g 
WN100 

  �! �/���3� R*< =��  

100-Nut weight 
12 

1.64 16.43 18.30 14.98 
	�3�  �4�

mm 
KL 

JP� U�V 

Kernel length 
13 

1.94 10.79 11.93 8.85 
	�3�  �4�

mm 
KW 

JP� X�� 

Kernel width 
14 

2.74 10.93 12.68 8.83 
	�3�  �4�

mm 
KT 

JP� >��?Y 

Kernel thickness 
15 

9.81 96.76 115.23 13.20 
  ��1  

g 
WK 

 �/�100 �
�= JP�  

100-Kernel weight 
16 

10.81 74 98 10 
  �!=  

percentage 
KH 

	
���< �!�= 

Dehisced percentage 
17 

27.77 18 67 5 
  �!�=  

percentage 
PO 

 �!�=	A�,  

Blankness percentage 
18 

100 ×637
�3� / =���
�4@� "�e<=�33P% b��Y* 

CV=SD/µ*100 
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U���5- ��=�.� �+�� � M
����� 	W��% "��� i� ;��� �� >@= ���C /� "��A�� ;����# � 	1+�� ���= �# ;��� �= �= 9:� 

�48, "��A� � ��B�	��:C.  

Table 5 - Eigen values and cumulative variance for six major factors obtained from factor analysis and the 
characteristics within each factor for pistachio cv. Akbari and Ahmad-Aghaii. 

6 5 4 3 2 1 Factor 
��4A�� 

Factors 

	1+���#  

Traits 
F�=� 

ROW 

**0.63- **0.52- 0.23 0.18 0.26 0.21 
><�= S� %�� 

Tree height 
1 

-0.15 0.21 0.47 0.43 **0.69 0.03 
O�� U�V 

Leaf length 
2 

0.08 -0.25 0.61 -0.21 **0.62- -0.004 
O�� X�� 

Leaf width 
3 

-0.24 **0.53 -0.018 **0.71 0.28 0.06 
�N1�� X�� �� U�V b8
 	��D4
�  

Terminal leaflet/width ratio 
4 

0.49 -0.03 0.33 0.066 **0.69 0.20 
	��D4
� �N1�� U�V 

Terminal leaflet length 
5 

0.088 0.26 **0.76 -0.36 -0.32 -0.031 
	��D4
� �N1�� X�� 

Terminal leaflet width 
6 

0.28 -0.24 -0.34 0.32 **0.75 0.16 

�N1�� X�� �� U�V >�8
 

	��D4
� 

Terminal leaflet/width ratio 

7 

0.34 0.32 0.002 **0.51 **0.50- -0.29 
=��W%��3� R*<  �=100 ��1  

Number of nuts in 100 g 
8 

-0.12 -0.001 -0.47 -0.07 **0.65 -0.40 
��3� R*< U�V 

Nut length 
9 

0.16 -0.12 -0.012 -0.09 -0.22 **0.77 
��3� R*< X�� 

Nut width 
10 

-0.08 -0.05 0.09 0.05 0.03 **0.90 
��3� R*< >��?Y 

Nut thickness 
11 

-0.012 0.31 -0.31 -0.17 0.37 **0.72 
 �/�100 �
�= ��3� R*<  

100-Nut weight 
12 

0.24 0.12 -0.10 **0.59- **0.53 -0.34 
JP� U�V 

Kernel length 
13 

0.05 -0.12 -0.06 -0.10 -0.008 **0.95 
JP� X�� 

Kernel width 
14 

-0.17 0.12 0.14 -0.004 -0.15 **0.87 
JP� >��?Y 

Kernel thickness 
15 

0.02 0.40 -0.043 0.034 0.17 **0.81 
 �/�100 JP�  

100-Kernel weight 
16 

-0.29 0.27 -0.18 **0.74- 0.11 0.20 
	
���< �!�= 

Dehisced percentage 
17 

0.19 **0.50- -0.12 0.25 -0.30 **0.59 
	A�, �!�= 

Blankness percentage 
18 

86.61 79.92 71.29 60.78 47.86 28.48 Cumulative variance percentage 
1.20 1.55 1.89 2.32 3.48 5.12 Eigen values 

**Significant factor loadings (considered values above 0.50)   
	�W� 	���� b��Y "k�� ��� �4��1�0
 �= ��=�.�) ��=50/0(  
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 	@��� =��� 	�A "� 9:� "��A�.  

Table 6- The Simple correlation coefficients among quantitative and qualitative traits in pistachio cv. Akbari. 

  

  

  

  

  

  

  

. 

Row  Traits H LL LW 
LL/L

W 
TLL TLW 

TLL/T
W 100NN NL NW NT 100WN KL KW KT WK KH PO 

1 H  1                  
2 LL  0.16 1                 
3 LW  0.06 - 0.55 1                

4 LL/LW 0.24 **0.74 -0.13 1               

5 TLL  -0.01 *0.63 *0.65 -0.26 1              
6 TLW  -0.11 -0.06 0.35 -0.38 0.14 1             
7 TLL/TW  0.006 0.048 -0.05 0.11 0.30 0.55 1            
8 100NN  0.031 0.49 0.30 0.29 0.07 0.33 -0.36 1           
9 NL  0.24 0.22 -0.02 0.32 0.18 *0.69- 0.28 -0.33 1          

10 NW  0.25 -0.13 -0.10 -0.03 0.17 -0.28 0.08 **0.74- *0.63 1         

11 NT  0.36 0.30 -0.51 0.52 0.33 -0.55 0.31 -0.49 **0.71 **0.80 1        

12 100WN  -0.01 0.18 -0.21 0.42 0.23 -0.51 *0.60 *0.59- 0.48 -0.38 *0.62 1       
13 KL  -0.27 -0.03 0.45 -0.34 0.38 0.27 -0.01 -0.39 0.06 0.24 0.03 0.19 1      
14 KW  0.11 0.09 -0.21 0.32 0.16 -0.34 0.21 *0.69- *0.59- *0.69 **0.76 **820. 0.38 1     

15 KT  -0.03 0.20 -0.16 0.37 -0.17 -0.31 0.14 -0.29 0.28 0.02 0.22 **0.73 0.12 *0.64 1    

16 WK  -0.05 0.51 0.173 0.50 0.19 -0.05 -0.39 -0.01 0.34 0.15 0.30 0.36 0.29 0.52 *0.59 1   

17 KH 0.02 -0.34 -0.30 -0.12 -0.37 -0.18 -0.002 *0.58- 0.11 0.31 0.25 0.27 0.43 *0.54 0.379 0.08 1  

18 PO -0.41 -0.40 0.16 *0.64- -0.21 0.17 -0.09 0.21 -0.29 -0.24 -0.56 *0.69- -0.163 **0.71 *0.64- *0.66- -0.22 1 

�� ** � *	748��# b��Y �7
�3� b3%�% .�!�= R� � o�, U��4B� re@ �= 

*Significant at 5% prob. **Significant at 1% prob. level , respectively 



@���	 �= S��%�:� ��	 748��# � �48,	 �36 ...  

283 
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Table 7- The Simple correlation coefficients among quantitative and qualitative traits in pistachio cv. Ahmad-Aghaii. 

 
 
 
 

Row  Traits H LL LW LL/LW TLL TLW 
TLL/T

W 100NN NL NW NT 100WN KL KW KT WK KH 
P
O 

1 H  1                  
2 LL  0.28 1                 
3 LW  0.26 **0.72 1                
4 LL/LW 0.06 0.52 -0.20 1               
5 TLL  -0.15 0.30 0.55 -0.24 1              
6 TLW  0.02 0.44 0.31 0.25 0.51 1             
7 TLL/TW  -0.09 -0.24 0.10 -0.49 0.26 *-0.68 1            
8 NN100  -0.54 *-0.63 *-0.61 -0.14 -0.37 -0.17 -0.13 1           
9 NL  -0.49 0.13 -0.13 0.32 0.005 0.13 -0.11 0.15 1          

10 NW  0.32 0.25 0.20 0.11 0.36 *0.64 -0.38 -0.57 -0.03 1         
11 NT  *0.60 *0.61 *0.59 0.13 0.39 0.41 -0.11 **-0.98 -0.15 **0.73 1        
12 WN100  -0.15 0.04 0.17 -0.18 0.48 -0.13 0.56 -0.43 -0.16 -0.07 0.26 1       
13 KL  *-0.75 0.20 0.21 0.02 0.46 0.22 0.11 0.01 0.30 -0.07 -0.09 0.27 1      
14 KW  0.56 0.33 0.34 0.04 0.36 0.16 0.15 **0.88 -0.17 *0.69 **0.84 0.46 -0.20 1     
15 KT  *0.62 0.45 0.38 0.17 0.20 0.24 -0.09 **-0.79 -0.34 0.55 **0.81 0.56 -0.32 **0.77 1    
16 WK  *0.64 0.45 0.16 0.42 0.23 0.34 -0.13 **-0.82 -0.15 *0.66 **0.80 0.50 -0.45 **0.86 *0.74 1   
17 KH 0.28 0.01 0.29 -0.31 0.31 0.05 0.16 0.01 -0.49 -0.25 -0.04 0.40 *0.59 -0.14 0.06 0.30 1  
18 PO 0.49 -0.30 -0.18 -0.23 -0.10 -0.39 0.39 -0.26 -0.01 0.23 0.22 0.19 *-0.69 0.50 0.38 0.363 *-0.62 1 

�� ** � *% 	748��# b��Y �7
�3� b3%�.�!�= R� � o�, U��4B� re@ �=  

*Significant at 5% prob. **Significant at 1% prob. level , respectively  
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Fig. 1. Dendrogram of pistachio cvs Akbari and Ahmad-Aghaii based on studied traits by Ward method. 

 ;2�1- ���<9:� "��� �48, "�#"��A�  ���B�	��:C 	1+�� G�@� �� 	�A "�#�/��
� .=��� j�� �� ��� "�31  

  

U��� 8- �8��.� 637
�3� 	1+��"�# 	�A ���1�# G�@��� ��J�%��<�"�.  

Table 8. Comparison of quantitative traits means of groups based on cluster analysis. 
���<"���  

Clustering 
	1+��  

Traits  

 F�=�  

Row  

5  4  3  2  1    

a2.80  ab2.45  b1.75  ab2.30  ab2.33  H  1  
a13.90  a13.50  b10.73  ab12.65  a14  LL  2  
a12.59  ab11.38  b10.36  ab11.48  a12.49  LW  3  

a1.10  a1.19  a1.05  a1.10  a1.12  LL/LW  4  
a7.79  a7.45  b5.93  a7.37  a7.85  TLL  5  
b4.23  b4.00  a4.88  b3.87  a4.91  TLW  6  
a1.85  a1.86  b1.22  a2.20  ab1.59  TLL/TW  7  
b61.00  b55.75  a96.50  b63.20  b63.5  NN100  8  
a26.58  a27.62  b24.19  b24.34  b23.64  NL  9  
b614.8  ab15.30  b14.71  ab15.31  a15.82  NW  10  
c13.77  bc14.35  d12.56  b14.62  a15.35  NT  11  
b149.42  a179.68  b140.08  a174.10  ab161  WN100  12  

a20.79  a20.07  a18.53  a16.81  a16.48  KL  13  
b10.08  a10.75  b9.84  a10.97  a11.02  KW  14  

c9.34  bc10.18  bc9.81  ab10.86  a11.39  KT  15  
a75.99  a105.73  a82.95  a109.56  a106.98  WK  16  

a81  a87  a79  a70  a79  KH  17  
b5  b4  b5  a29  ab12  PO  18  

The averages of each row with at least one similar letter are not significantly different at 5% probability level based 
on Duncan's multiple range test. 

7
�3�63"�# �# F�=� �� 924@= R� ��B ]�4*� G�@��� ���/C ��\ ����="� 62
�= �= re@ U��4B� 5% [�� % 	�W�"��= �� �7��2� �
���
.  

 



@���	 �= S��%�:� ��	 748��# � �48,	 �36 ...  

285 

 #
 ���>���/
%0� )�4�% # ���%��",  &% $
�-82% �3�/0#)�* �-��  

 �� 	
����� 	@��� ��0��	1+��"�# Z��%�� � ��� ��#�*� 	 3A �C �# ��9:� �=  "��A� ���2@� "�A ���/C /� 	��:C��B� �

 .�� �=� 4@���34
"�# ��J�% 	1+��"�# 	1+�� �� Q�%�� 	 3Ai#�+, =��� 9:� �= �= ��3� � O�� E><�= "�#  "��A�� 

��B�	��:C  G�@��� .>@� ��� �������34
"�# �� >@= 9:� �= E���C "��A� 	1+�� � 6��4*3� "���= E��� [��: /� .�
=�� 	
����

 63�# u��-	1+�� 9:� �= ��B� 	��:C 	
����� ��36  ��� [��: "���= �!�=63��, "�% .�
=��9#63�\ ��34
�#  Z��%�� �7
�3�

	1+�� �N1�� ;2� 	�W� �!�= o�, U��4B� re@ �= �A >@� 9:� S�
 �� 	��D4
�	� ��=�� ���� ���� �A "��V��1=�+
9:� "�# 

 "��A�=9:� �= � ;2� 	�3� 	��D4
� �N1�� ;2� "��� ��B� 	��:C�J3
 S�
 /� 	��D4
� �N1�� ���� ;2� O�� �3��B .=�� 6D, "�

9:� �# �=  "��A�� ��B�	��:C �4*3� �� ��) 	
����� 6��4*3� "���= � ��! [��! b3%�%52  � �!�=28  .�
=�� (�!�=9#63�\ 

9:� �=  "��A�� ���*� O�� �/��
� 	
����� �� ���, O�36 9:� �= � �!�= ��B� 	��:C�41�J� O�� �/��
�  	
����� �� ���, O�� /�32 % 

9:� �= .�
=�� 	
����� 6��4*3� "���=  "��A� u��- /�	1+�� �� 	
����� 6��4*3� ��3� ;2�]�
 ;2� �= b3%�%]�
 �� ��= R\�A

)18/14 ]�
 � (�!�=) =�163/4 .�� ��#�*� (�!�=   

 	� �� ��#�31 	234
5 ���<�j/�� �� /� 	2� ���%9#��a� �aA >a8
�= 	aW3�V `���� 6��% ��a��A	
�1�a
�1  "��a� �/k 	a234
5

��=�+
 ���1"��� 	� 	e3�� ���8��
 Q���� �� "��1/�@ �� � >3 3A =��D� Ek�� =�2�� �� ���� 9:� =���� F3!�% .����	1+��"�a# 

��59@_,�� �# ��0�� 63� 	234
5 Q���� f3?*% � 	��@�����1=�+
	� >3�#� Jy�B �# 	a234
5 >D��a*� �a2��� �� ���% �� � ����

 �#��1=�+
 ��5 S���� �=	a� 63a3W% �� 9@_,�a�AE ) >a@� ��=��a<�� 	�k�a� >a3�#� /�8�a� �4a8, .(	a2� ���a��  6��a4�D� /�

U�c��"�# 	� }�e� 	���� �A ���� ;3-=��3� �=�1	1+�� E	
�*��	:_% E	7��,�= "�#�a
�1 63a� "��H, 	43a@�7�/��4# � "�

 "���= k��	
�1�
�1 	� "=��/ 	234
5) ����12 E16 .(9#63�\  ��38� Q����S��4� ���	@���  d�a?4
� E�4a8, >a*A gV�a�� �=

��1=�+
 63� 	234
5 	:_% EU�c���, � ��1/�@ "�#��1=�+

 R� �48, F�4?� "�# 	234
5 	:_% 	4B � �3B�9:�"�a#  �a� 	a���

�48, =���� �� ���� E	*B� "�#	
�1�
�1  �= 	D��% ;��: 	234
5��1=�+
	��a@��� �aA >a@� ��� F�4?� gV��� �= �48, "�# 

�C �#	� ;2*� ��\= �� .=/�@aW-�e��"�# �a��� /� 	
��7a*#�+, Al-Saghir )2 E(	a���A ) ����a2�# �15 � (Kafkas and Perl-

Treves )13 =��� /� 	A�B (	
�1�
�1  63� �= k�� 	234
59:��# �
�1 �	� �48, "�#9a:� �= E�aY�B i#�+a, �= .�a��� � "�a�A� 

��B� u��- /� 	��:C	1+��"�# >?��	@��� 	
�1�
�1  .�
=�= ��*
 �� 	�k���a�34
�#  �aA =�= ��a*
	1+��"�a#  �= ��a3� =��aW%

100��1E 
���< �!�= �/� � 	A�, �!�= E	100  b��Y 6��%k�� "���= JP� =���33P%�# �=�481 ����= �A �
=�� d�?4
� "��� "�%

 �C	1+�� 	� d�8��633W% i.
 � =�� =���� �= ����A	
�1�
�1  63�9:��#  .�
��=��34
"�# k��  ���4���"�# 	���A  ����a2�# �

)17 ( �8�#	����� �A < �!�= �
=�A ������33P% b��Y 6��%k�� "���= ���< �= ��3� =��W% � 	
����# �
�1 63� �= M�a� "�#

	� ����� �= �48,���� �= 	
���< �!�= .���1=�+
 "�#9:�"�# "��A� � ��B� �/�� �= 	��:C10  �%98 %  	
��a�< ��J3� .=�� �3P4�

 63� �= ��9:�"�#  �/�� �= ��@��< �= =���� �48,71  �%94 !�=� )1(  �Tajabadi Pour )25 63� �= �� 	
���< �!�= (9:�"�a# 

 ��382�A �= =���� �48, �����46  �%89 �
=�A ����� �!�=.  ���a�� 	*#�+, �=�a�  	aV ��a��A 9a:� �= 	
��a�< �a!�= �aA

U�@ "�#1992  �1993  �/�� �= b3%�% ��6/0  �%2/8  � �!�=8/0  �%8/5  �3P4� �!�==�� )9( .�� ����� >@� � 	a2� 	
���< �A

 /�	1+��"�# 	� �48, �= 9D�	� [�� 4� �7�= U�@ �� 	-�@ /� � �7�= 9:� �� 9:� R� /� �A �����a��� )21( .�a�34
"�# k�a�  �a�

��34
"�# =�+
� ! ) ����2�# �249:� �2��� �� 	��� ( ��B� �7�= �� �8��.� �= 	��:C9:�"�# �a!�= 6��4*3� "���= i#�+, =��� 

	� 	
���< E����	
��?�#  �= 	A�, �!�= .=��=��1=�+
"��A� "�#  /�3  �%10 9:� �= � �!�= ��B�	��:C 5  �%67  ��#�a*� �!�=

 .��	��/�3� ) ����2�# �18 63� �= 	A�, �!�= �A �
=�A j��J1 (9:�"�#  63� 	
����10  �%40 	� �!�= .���� �3P4� �
��% 	a��

	
�<��A� ) ����2�# �1 �= �� 	A�, ��J3� (��1=�+
 /� �a4�A ��a@��< �a.e�� �4a8, "�#5  � "���a*
�= .�a
=�A j��Ja1 �a!�=

) ����2�#7 	@��� �� (	1+��"�# "���*
�= 9:� �48, 	��3�3� � 	2�J3�  �7�= �� �8��.� �= i#�+, =��� 9:� �A �
=�A j��J1

9:�"�# �J3� 6��4�A "���= ��@��< ��4@� �= �48, "���%) 	A�, �2/1 	� (�!�= .����=�+
� ! ) ����2�# �24 �a
=��
 ����� (



����2�# � ���=J� �W�� 

286 

��3� ]�
� 	A�, �A �� "���*
�= 9:� �= �48, "�#	1+��"�#  /� 	A�a, .>a@� �=�a� Q�%�a� 	v���% ;���� � 	234
5;2a*�"�# 

 �A >@� �48, ��4<�= 	�!���/ 	� U�@ � ��HP% Q���� E���, E9:� �3v�%N�# 	����� .�����=�1 ��� �� f:�
 ��� E	
�*������� E

 =���A �=��  "�#	,��A��%��, � 	��H � 	� �v�� 	A�, ��J3� �� r3.�% ��7�# �= ��= i#�A����) �14 .(  

   	@���	1+��"�# >?��	@��� 63� 	748��# b��Y ��@��� � > !�# ���
�� �= "�#��"=�+
 �+�� >3�#� /� ��=��<�� "�

>@�E  �A ��\	� f?*� �� �e��� S�
 � �e��� ��J3�����
 . 	-�D
�
 ���= �A �48, ><�= �� Z��%�� �= 	748��# b��Y 633W%

	� ��C��A ��38� =��= 	
k�V �� � ����=�+�D�9# d�?4
� ��2�� �1 6���\ ���/	1+�� E��x�c<  63� 	748��# �A "=���� �=

	1+����#	 � �
��= 	%�� 4� "��H, >v��� �A	� �83� �9:� �= .=/�@ ��B� 	��:C	1+�� �N1�� X�� �� ��3� X��  	��D4
�

	�W� � >�z� 	748��#�
�1 �� .=�= ��*
 "��= �A "�9:���#	 ��3� R*< �41�J� O�� X�� ��	� �3-�% �� "�41�J� "�# .���A

��34
"�# k�� �� �4��� "�#	���A ) ����2�# �15 ( ���?�#	����� �A 6�Y  	@���	
�1�
�1 >?��	@��� �
�1 M�� "�#

	1+�� 63� �
=��
 ����� ����� �= �48,	�W� � >�z� 	748��# ��3� � O�� "�# .=��= =��� "��=9#63�\E  6����34
�#  ��

�4���"�# Kafkas ) ����2�# �12(  "�� �3A�% �48, �
�1 �@ �4@�� R� �=	�9:� �= .���� ��B� 	��:C	1+��"�#  ��3� �� Q�%��

	�W� � >�z� 	748��# ��3� >��?Y � X�� ��
��# b�e� 6�� E�
=�= ��*
 O�� X�� � O�� U�V E><�= S� %�� �� "��=

 �A >@� �C �7
�3���1=�+
��3� �41�J� X�� � U�V �� "�#>��= "�#%	� �3-�% "� .���A�4��� �� |�� [��#�*�"�# 	���A  �

) ����2�#16 (	
��?�#  =��=�A  63� 	748��# 63�\ �
=�A �����	1+��"�# k�� �
�1 �= ����� �= =���� �48, M�� "�#

 .=��= =���	1+��  �/�100 9:� �= JP� U�V � ��3� >��?Y �� JP� �
�= ��B� .=�= ��*
 	748��# 	��:C��34
"�#  �� |��

��34
"�# ������ ) ����2�# �4E(  "���� .=��= >.��e� ��=��	�W� � >�z� 	748��# JP� �/� �A �
=�A ����� ��* �/� �� "��=

9:� �= .=��= ��3� >��?Y � ��3� � "��A� ��B� �� Z��%�� �= 	��:C	1+��"�# 	1+�� �� Q�%�� � (JP� >��?Y � X��) JP� "�#

 �/�100 	�W� � >�z� 	748��# JP� �
�= �� "��=	1+��"�# 3� X�� ��N�# ��3� �� Q�%�� �/� � =��W% � ��3� >��?Y E��

 �= ��3� �
�=100 �� ��#�*� ��1�4��� g��e� �A E "�#������  ����2�# �)4(  "�� ��=������ 	�9:� �= .  ��3� >��?Y "��A�

	�W� � >�z� 	748��# ��3� X�� � ��3� U�V ���� =�= ��*
 "��=��3� �A "��V��4��= "�4*3� >��?Y �41�J� =�W�� �� "�# .

 �Y�B i#�+, �=	1+��  ���7*#�+, .=�= ��*
 �!�= o�, U��4B� re@ �= >�z� 	748��# JP� X�� � JP� U�V �� 	
���<

 � JP� /� 	��
 	23
�2� ��*� �48, 	
���< �= �v�� ;��� �A �
=��
 ����� "=�4W�9#63�\ >8�/><�@ �����# /� "�82� � �#

�����# ���	� JP� /� �#�� .���������3� R*< 	%���#	  � �
��= "�4*3� 	
���< �!�= ��48# "�41�J� =�W�� � �/� "���= �A

 JP� =�W�� i#�A b�@ �A 	���� �#=�� �����# ��J3� �= i#�A �� 	D4��	� JP� /� ��� �3-�% "�# �!�= i#�A ���� �A ==�1

 	
���<	�=�� .	���A ) ����2�# �16  �15�
�1 �= �A �
=��
 ����� ( P. vera  ��3� R*< =�W�� � �/� �� 	
���< �!�=

9:� �= .=��= 	748��# � "��A� ��B� 	��:C	1+��  �/� �� 	A�,100  	 �� 	748��# 	
���< �!�= � JP� >��?Y EJP� �
�=

 .=�= ��*
 o��4
 6��  ����34
"�# ) "�#�V � 	 �
19 	@��� �� 	��� (	
�1�
�1 >?��	@��� 9:�"�# 4@� �48, �8�# ���
/ ��

	��A 	*#�+, �= .����  "���
�1 /� 	<�� Q@�% �48, M�� "�#	���A ) ����2�# �17  �15 � (Kafkas ) ����2�# �12 (

 ��3� E>���H, [��!��  �A	1+��"�#  /� JP� � ��3� EO�� �� Q�%��	1+��"�#  	@��� � R32 % >D� 	�!�	
�1�
�1 

>?��	@���  63���1=�+
�48, �# 	� .����9#63�\ i���23
 ) ����2�# �21	1+�� �A �
=�A ����� ( ;��� O�� �� Q�%�� "�#

 /� ��3� � O�� X�� �� U�V >�8
 � X�� EU�V	1+��"�#  ����A R32 % �= �%����1=�+
	� ��=�� "�# E�����Alinia 

Ahandani ) ����2�#2*< =�2��� � JP� �/� E��3� �/� �A �
=�A j��J1 ( /� ��3� R	1+��"�#  R32 % �= 9D���1=�+
 "�#

	� 	
���� "�=�1 .����9#63�\ Barone ) ����2�# �5 6��4�D� /� O�� =�W�� �A �
=�A j��J1 (	1+��"�#  ����A R32 %

��1=�+
	� �48, �
 "�# .����i#�+, "�#�-��c
 ��,) ��.�20	1+�� �A =�= ��*
 (�� EU�V) ��3� R*< "�# R*< �e: � X

9D� /� (JP� �e: � X�� EU�V E�/�) JP� � (��3� 6��%	1+��"�#  R32 % >D���1=�+
 9:� �= "�H� �=�% R� /� ;!�B "�#

	� J�� 	��=��) >��@ 	:=�! .����23	1+�� �A =��
 ����� ( � U�V � O�� X�� EU�V ���� /� �N1�� � O�� �� Q�%�� "�#



@���	 �= S��%�:� ��	 748��# � �48,	 �36 ...  

287 

�N1�� X�� /� 	��D4
� �	1+�"�# �3% �= R32 % �= �A �
=�� 9D�  "�����1=�+
	�� ��� "�# )P. vera × P. atlantica Desf. 

subsp. mutica( �4��� .�
��= i.
 �Y�B i#�+, "�#�4��� �� 	
��?�# k�� �= ��� ��3� "�#���< ��J�% .=��= G�@��� "�

	1+��"�#  	�A>?��	@���  >8
��%�4*3� ��1=�+
#9:� "� � "��A� ��B� G�@��� �� 	��:C	1+��"�#  �7��2� /� O�� � ��3�

��A R32 % �4��� �� �8�# �A "�#) ����2�# � 	
�<��A� 	��1(  "��9:�"�#  E	
���� �48,Karimi ) ����2�# �15� 17 "�� (

�
�1) >��@ 	:=�! E�48, "�#23(  "����1=�+
) ��.���, � 	�� ��� "�#20(  "����1=�+
 �
�/ J�� 	��=�� 9:� "�#	�����. 

 �� Z��%�� �=	1+��"�# 	 3AE  9:� "��A� "���= 9:� �� �8��.� �= �4*3� ��� [��:��B���:C	 	�.���� E	*#�+, �= Chelli 

Chaabouni ) ����2�# �6	1+�� 	@��� �� ( "�#>?��	@��� 9:� � M
�% 	��� "�#9:�"�# A ����� �48, ���< E�
=� [=��

s�� >����� �= 9D� 	1+�� R� ��� >@� �# /� "��38� �� �A 	2�5�-��J3� "�#���C�� ���� /�� >3 3A � =�2�����3  �3v�%

	� .=��H19#63�\�C E�#  ��� [��: 6��4*3� "��= =��� 9:� �A �
=�A ����� >@� �A 	-�B�=9:�"�#  "��= "�3�� � "�B��

	� ��� [��: 6��4�A���� �N1�� ;2� .� 9:� �= "�D4
� "��A�� ��B� 	��:C9?% b3%�% ���J3
 � 	�� 6��4*3� "���= 6D, "�

) ����2�# � 	���A .�
=�� 	
�����16 �N1�� ;2� �A �
=�A ����� ( �= 	��D4
�9:�"�# "��3� >-�B 	�#�E �
�1��/ �= "�#

�23���A1 �23%�� �2 �2�=�A �
�1 ��/ � ��3*A >-�B3 B9?% >-�	� 	��) >��@ 	:=�! .����23 �3% �= �= �A =��
 ����� (

 "�����1=�+
��� "�#  �N1�� b-� ;2� 	��9?% ;2� 	��D4
�	� 	�3� � 	�� .����9#63�\�-��c
 E) ��.� ��,20 ����� (

 �= �A =��
 �4*3���1=�+
% ]�
 � 6D, O�� b-� ;2� �
�/ J�� 	��=�� 9:� �
 "�# �= � J3��1=�+
O�� �=�� "�#9?% �# 	��

	� ;2� .����� �/��
� �N1��	�
��  9:� �="��A�  �N1�� ���*�9:� �= � 	��D4
� ��B� 	��:C�N1�� /� �41�J� ��D4
�	 	� �A ����

��34
"�# k��  ����34
"�# ����2�# � 	���A )16 �N1�� �/��
� �2��� �� 	��� (<�� �= 	��D4
� /� 	9:�"�#  � �41�J� 	
���� �48,

�N1�� "��8� ������: "�#	� "�����E  	
��?�# .=��=  

�"�� �1��	  
  	@����= �A =�= ��*
 ��� ���
� "�#  ��3���1=�+
 "�#9:�"�#  "��A�� ��B�	��:C E��1=�+
��#	 � �3-�% "k�� ;38
�4, �� 

��3��� "�# >3 3A �� �������1=�+
�# i?��3�� "��= =���
� . i��J����1=�+
 � i?��3�� "�#�/� �=� 4@ �C �#s�� t��B� �="�# 

 �#��< 	 3A � 	�A �0
 /� U�c�� 6�� �3-�% 64�� k�� ���� "=��/ ��J3� �� ������ .9#63�\ ���
�� �= "�#��"=�+
  E��*A

 i��J����1=�+
/� �=� 4@� � i?��3�� "�# �C �#��� �=	@3� /� �% �� �#��< ���� F�4?� gV��� �= "��1/�@ "�# ��

��1=�+
i?��3�� "�#E 9:�"�#  	��W� 	�� re@ �= 	���e� � �%���
��. ��34
"�# � i#�+, 6��� �A =�= ��*
 	��<

	1+����# �= JP� U�V � ��3� U�V ��\ 	9:�"�# "��A� �  	��V /�	1+����#�?Y � X�� ��\ 	� E��3� > >��?Y � X��

 �= JP�9:� ��B�"�:C 	� "�%k�� 637
�3� "���=��	� � ���R32 % "=���� �= ��
��% �= 6�� ����A��1=�+
  �= .����� �7��2� /�

9:� "��A� ��1=�+
 "�#2AKE1AK  E8AK  �12AK 3� � 	
���< �!�= 6��4*3� E	A�, �!�= 6��4�A �=�� ���= ��� =�W�� 6��4* JP

� EU�V)9:� �= � (>��?Y � X� ��B� 	��:C��1=�+
  "�#2AH E7AH E10AH  �12AH = 6��4*3� 64��= �� E	
���< �!�

 �/� 6��4*3�100  � JP� �
�=9#63�\ �� JP� =�W�� 6��4*3� �������1=�+
 ]�
�3, �3D% >D� �%�� 	�
��%��  	��W���
� .

9#63�\E ��34
"�#  i#�+, k��_< �� =�= ��*
 ��04
� �A �N
C �	� �� ���% �� >�� i��J��, /� �48 ���\ �= �
�3, �#= ��

 E�3<�	
�1�
�1 >?��	@���  �= 	�k��9:�"�#  "��A�� ��B� 	��:C�� ��#�*�  ;3-= �AC �	� �
��%�3D% �V�< ��  /� ]�
�3,

 �� ���, �3v�% � �4�H1 �= "�H� ��4<�=>?��	@��� ���� ]�
�3,.   

  

 

1- P. atlantica Desf. subsp. cabulica Stocks.                                                  2- P. atlantica Desf. subsp. mutica F&M.  

3-. Pistacia atlantica Desf. subsp. kurdica Zoh. 
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Assessment of Intra-Cultivar Variation and Correlation Between 

Morphological Traits in Pistachio cvs. Akbari and Ahmadaghai 
 

M.S. Jomeyazdiyan, H.R. Karimi, M Mahmoodnia Meimand, KH. Malekzadeh and M. 

Raghami11 

 

 In order to assess the intra-cultivar genetic variation and the correlation between 
morphological traits of Akbari and Ahmadaghai cultivars of pistachio, 18 quantitative and 33 
qualitative traits were measured and coded based on the pistachio descriptor. The results 
indicated that in this study, six main factors could contain 61.86 percent of the total variance. 
The fruit, nut, leaf, and terminal leaflet characteristics have constructed three main factor groups 
that compromise 76.60 percent of the total variance .These traits were the most important ones to 
separate 'Akbari' and 'Ahmadaghai' genotypes. Genotypes were divided into three groups based 
on six main factors. The first group contains the Ahmadaghai genotypes which significantly had 
the largest terminal leaflet width, fruit dimenstion (width and thickness), and nut thickness. The 
most genotypes of Akbari cultivar were located in the second group which is significantly 
different from other groups. These genotypes had the most fruit length and width. Also, the 
results showed that there was a wide variation in morphological traits of Akbari and Ahmadaghai 
cultivars which is due to provide of scions from trees that propagated from seed in the past. 
Keywords: Pistachio, Cluster analysis, Factor analysis, Correlation. 
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