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Table 1. Genotypes used for assessment Intra-cultivar variation of Akbari and Ahmadaghai cultivars. 
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Genotype 
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Code 
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Geographical location 
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AK1 

|�
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) |�
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)Islamieh(  
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)Islamieh(  
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�3y� A  
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	��:C��B� 9:�  

AH 

 
AH1 
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R40 410897 3375480 18 
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��
13�" �= ���"���5 40  �%80 	4
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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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./� � 0���	 

 ���,�-���. �/0
#)�* 1"� #
 �
 �2��3 
��� ��� )�4�% # ���%�
�",  

  �3�*3� E��3�A E637
�3� �W-�e� 6�� �= �  ����=�33P%�#  "���	1+��"�# �/��
� 	�A 9:� �= ��3� � ><�= �= ��� "�31

"���% "��A� � ��B�	��:C �	, >D�� �=�� ��J3�	
�1�
�1 	@��� �� U���) 3  �4 b��Y �=�� =��/ .(�33P%�#  �� "�3A�%

 =���	
�1�
�1 �37�*\  "����4*3� 	1+���# 	�9:� �= O�� U�V .���� "��A� �=���� �= /� "�37/10  �%77/15 	�3� �4�

 ��J3� 6��4*3� .�� ��#�*� O�� U�V �� Z������1=�+
 11kA 9A � 6��%�C  �=��1=�+
 6kA �� ��#�*�9:� �= . 

��B�	��:C 	1+�� �=���� �= O�� U�V /� "�10/11  �%80/14 	�3� .=�� �3P4� �4�	1+����#9:� �= O�� X�� ��\ 	 

 "��A��=���� �= /� "�95/9  �%15/14 	�3��N1�� U�V E�4�  /� 	��D4
�90/4  �%49/9 	�3� �4��N1�� X�� � D4
� /� 	��

42/3  �%13/5 	�3� .�
=�� �3P4� �4�9#63�\E 9:� �= ��B� 	��:C ��481 �� O�� X��25/9 	�3��4� �% 13 	�3� U�V E�4�

�N1�� �=���� �= 	��D4
� ��481 �� "�81/6  �%40/9 	�3��N1�� X�� � �4� ��481 �= 	��D4
� 63� "�72/3  �%60/5 

	�3�=�� �3P4� �4� .9:� �=  "��A� ��J3� 6��4�A	1+��  U�V��3�E 19/24 	�3��C ���.� 6��4*3� � �4�E 46/29 	�3� �4�

�� �� Z���� b3%�%��1=�+
 "�#13kA  �12kA 9:� �= .�
=�� ��B� 	��:C U�V 6��4*3���3� 68/24 	�3� �� Z���� �4���1=�+
 

11AH  ��3� U�V ��J3� 6��4�A �95/22 	�3� �� Z���� �4���1=�+
 4AH  9:� �= .=��  "��A�) ��3� X�� 6��4*3�88/15 

	�3� �� Z���� (�4���1=�+
 8kA ) 6��4�A �86/13 	�3� �= (�4���1=�+
 9kA 9:� �= .�� ��#�*� ��B� 	��:C 6��4*3�

)09/16 	�3�) 6��4�A � (�4�96/14 	�3��� ��3� X�� (�4� �� Z���� b3%�%��1=�+
 "�#1AH  �5AH  637
�3� ��61/15 

	�3�.�� ��#�*� �4�  	@��� �=	1+��"�# 9:� �= JP� �� Z����  "��A� �/� 6��4*3� �A �� f?*�100  JP� =��

)56/180  �� Z���� (��1��1=�+
 6kA �  �/� 6��4�A100  �� Z����  JP� =����1=�+
 12kA  .=��9:� �= JP� U�V 6��4*3� 

 "��A�46/52 	�3��= �4� ��1=�+
 6kA  �C 6��4�A �12/17 	�3� �= �4���1=�+
 7kA 9:� �= .�� ��#�*� ��B� 	��:C

) JP� U�V 6��4*3�30/18	�3� �= (�4���1=�+
 1AH ) ��J3� 6��4�A �98/14 	�3� �= (�4���1=�+
 9AH  .�� ��#�*�

9:� �= JP� X�� 637
�3�  "��A�� ��B� 	��:C�� b3%�%20/10  �79/10 	�3�P� X�� 6��4�A � 6��4*3� �A =�� �4�J  �=

9:� "��A� �� �= b3%�%��1=�+
 "�#8A  �13A 9:� �= � ��B� 	��:C �=��1=�+
 "�#10AH  �5AH �/��
� .�� ��#�*� "�31

9:� �= �A =�= ��*
 i#�+, =��� 9:� �= �= 	A�, �!�=  "��A�� ��B� 	��:C�� b3%�%��1=�+
 3kA E8kA  �12kA )3 �!�= (

 ���1=�+
 1AH  	-�5AH  �7AH )5 .�
=�� ��=��<�� 	A�, �!�= 6��4�A /� (�!�=   

�3 �
�5.  ��6�/0
# )�*��� )�*  

  ��1=�+
 	234
5 	
�1�
�1 	@��� �= �A 6�� �� ���% ���/��
� ��2�� ��31 R� "�# /� "=��/ =��W% "�31	1+���#  =���

	1+�� f3?*% E=��=�#��1=�+
 R32 % �= �� �3v�% 6��4*3� �A 	�	� >3�#� "���= E�
��= �# .����  

   i#�+, 6�� �=6  >8
��% 	�!� ;���61/86 %  U���) ��A �3��% �� M
����� ;A /�5	1+�� U�� ;��� .( ��\ 	��#

 �/� E��3� >��?Y EX��100  �/� EJP� >��?Y EX�� E��3� �
�=100 P� �
�=J  	A�, �!�= �	�W��� �
=�� ��="��V �A

 =��B �=48/28  .�
=�A �3��% �� ;A M
����� /� �!�= �=�7�= =��W% ��= ;���" 	1+�� /� EO�� X�� EO�� U�V ;��� �#

�N1�� U�V �N1�� X�� �� U�V >�8
 E	��D4
�  �= ��3� =��W% E	��D4
�100  �A ��4��= ���: JP� U�V � ��3� U�V � ��1

38/19 � �!�=O�� X�� �� U�V >�8
 	1+�� .�
�� ;��� �� ;A M
����� / �  �= ��3� =��W%100  	�!� ;��� 63��@ ��1

�� �
=�= ;32*% ��"��V �A92/12 �� �� M
����� ;A /� �!�= �N1�� X�� � O�� X�� .�
=�= x�c4<� =�<  �� 	��D4
�

 64��=50/10% �� ;A M
����� /��� F��W% ���D\ ;��� ����� �� U�V >�8
 E><�= S� %�� 	1+�� ;��� 9��, ;��� .�


 �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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69/6% �� ���% �� .=�A 633�% �� ;A M
����� /� ��34
�� ��J�% /� ;!�B "�# ;���i3� E�#[�� % 6��% ��1=�+
 Z���� �#

��	1+���N1�� U�V � O�� X�� � U�V) �N1�� � O�� "�# (	��D4
� � 	1+�� EX�� EU�V) JP� � ��3� =�W�� �� Q�%�� "�#

 �/� � ��3� >��?Y100  �/� � >��?Y EJP� X�� E��3� �
�=100 (JP� �
�= =��  �A86/47  �3��% �� ;A M
����� /� �!�=

�� � �
=�A 	%���� 	1+�� 6�� R32 % �= �� i.
 6��4*3� �#��1=�+
9:� "�#"�#  "��A�� ��B� 	��:C.�
��= 
 

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 
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 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(  

 

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
2.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

1-
29

 ]
 

                             8 / 17

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.2.0
http://journal-irshs.ir/article-1-337-en.html


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

281 

 ��3 $
�2 �78�4�* 9
���/0
#)�* 1"� �
 )�4�%  

  	1+��  U��4B� re@ �= O�� U�V �� O�� X�� �� U�V >�8
1% ) >�z� 	748��#74/0=r (.=�= ��*
  U�V

�N1��	��D4
� ) O�� U�V ��63/0 =r) O�� X�� � (65/0=r ( >�z� 	748��#�N1�� U�V �� ��3� U�V .>��= 	��D4
� 

)69/0- =r(  .=�= ��*
 �!�= o�, U��4B� re@ �= 	 �� 	748��#9#63�\  �= ��3� =��W% �� ��3� X�� 	748��#100 

) ��174/0- =r) ��3� U�V � (63/0=r	�W� (��=  	748��# b��Y .��71/0  �80/0 �� ��3� U�V �� ��3� >��?Y 63� b3%�%

�� ��3� X�� � �/� .��C >@=100  �!�= o�, U��4B� re@ �= ��3� >��?Y �� ��3� �
�= >�z� 	748��# 63� .>��=

) ��3� U�V �� JP� X��59/0 - =r ) ��3� X�� E(69/0=r) ��3� >��?Y E(76/0=r �/� � (100 3� �
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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 
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 U���7- 	1+�� 63� =���� �=�@ 	748��# b���Y��1=�+
 	@��� =��� 	�A "�#  9:���B�	��:C. 
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� �
���
.  
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1- P. atlantica Desf. subsp. cabulica Stocks.                                                  2- P. atlantica Desf. subsp. mutica F&M.  

3-. Pistacia atlantica Desf. subsp. kurdica Zoh. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
2.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

1-
29

 ]
 

                            15 / 17

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.2.0
http://journal-irshs.ir/article-1-337-en.html


����2�# � ���=J� �W�� 

288 

2���+                                                                                                                                         References  

1. Aliakbarkhani, S.T., M. Akbari, A. Hassankhah, A. Talaie, and M. F. Moghadam. 2015. Phenotypic and 
genotypic variation in Iranian Pistachios. J. Gen. Engeen. Biotech. 13(2): 235-241.  

2. Alinia Ahandani, E., H. Darzi Ramandi, J. Sarmad, M. Asadi Samani, A. Yavari and R. Alinia Ahandani. 2014. 
Evaluation of morphological diversity among somepersian walnut accessions (Juglans regia L.) in Guilan, 
Northern Iran. Inter. J. Plant Bio. Res., 2(3): 10-15.  

3. Al-saghir, M. 2010. Perspective on chromosome numbers in the genus Pistacia L. (Anacardiaceae). Inte. J. Plant 
Breed. Gen, 4: 153-157. 

4. Ardjmand, A., S. Piri, A. Imani, and S. Piri. 2014. Evaluation of morphological and pomological diversity of 62 
almond cultivars and superior genotypes in Iran. J. Nuts 5(1):39-50, 

5. Barone, E., L. Di Marco, F. D. Marra, and M. Sidari. 1996. Isozyme and canonical discriminant analysis to 
identify pistachio (Pistacia vera L.) germplasm. Hort Sci, 31: 134-138. 

6. Chelli Chaabouni, A., S. Ouni, M. Trad, I. Ouerghi, and H. Ben Hamda. 2016. Morphometric features of local 
and foreign female pistachio cultivars and ecotypes in northeast Tunisian conditions. In Options 
Méditerranéennes. Series A: Mediterranean Seminars. ENA, École Nationale d'Agriculture de Meknès 
(Morocco); CIHEAM-IAMZ, Zaragoza (Spain); Ministry of Agriculture and Fisheries of the Kingdom of 
Morocco. 184 p. 

7. Daneshmandi, M., V. Azizi, and R, Farhosh. 2015. The study on physical,   chemical and biochemical 
characteristics of pistachio (Pistacia vera L. cv. Daneshmandi) and its comparison to some commercial 
cultivars from Iran. J. Hort, sci 28(1):10-17 (In Persian).  

8. Darvish Zadeh, R, and H. Azizi. 2014. Molecular markers and their application in the analysis of genetic 
diversity, University, Urmia,150 p (In Persian). 

9. Doster, M. A. and Michailides, T. J. 1995. The development of early split pistachio nuts and their contamination 
by molds, aflatoxin and insects. First International Symposium on Pistachio Nut. Adana Turkey. Acta Hort. 
419: 359-364. 

10. Falconer, D. S. 1983. Introduction to quantitative genetics. 2nd ed. Longman group limited, New York. 145 p. 
11. IPGRI. 1998. Descriptor for Pistacia spp. (excluding P. vera L.): International Plant Genetic Resources 

Institute, Rome, Italy. 
12. Kafkas, S., Kafkas, E. and Perl-Treves, R. 2002. Morphological diversity and a germplasm survey of three wild 

Pistacia species in Turkey. Gene. Res. Crop. Evol. 49(3): 261-270. 
13. Kafkas, S. and R. Perl-Treves. 2001. Morphological and molecular phylogeny of Pistacia species in Turkey. 

Theor. Appl. Gen, 102: 908-915.  
14. Karimi, H.R.2014. Nut fruits (pistachios, almonds, walnuts, hazelnuts, pecans and chestnuts). Ferdowsi 

University of Mashhad press 151p. 
15. Karimi, H. R. 2012 . Evaluation of the behavior of native Iranian pistachio species as rootstocks. J. Nuts, 3(3): 

41-46. 
16. Karimi, H.R.2009. Study of genetic diversity of some pistachio rootstocks and their evaluation to salinity stres. 

PhD Thesis, Department of Horticultural Sciences.Tehran , University 137 p. 
17. Karimi, H. R., Z. Zamani, A. Ebadi, and M. R. Fatahi. 2009. Morphological diversity of Pistacia species in 

Iran. Gen. Res. Crop. Evol, 56: 561-571 

18. Mirzaei, S., M. Bahar, and B. Sharifnabi. 2003. A phylogenetic study of Iranian wild pistachio species and 
some cultivars using RAPD markers. Acta Hort. 726: 39-43.  

19. Najafi,M. and M.2014.  Taheri. Phenological and Pomological Characteristics of five pistachio cultivars in 
Mahneshan, Zanjan. J. Seed and Plant Improv 31(1): 565-580 (In Persian). 

20. Nasrolah Pourmoghadam, S.H. 2014. Sex-related differences in the growth and physiological response of 
Pistacia vera L. cv. Badami-Riz-e-Zarand seedlings to salinity stress. Thesis of master of science in 
Horticultural Science, Faculty of Agriculture, Vali-e-Asr University, Rafsanjan, 162 p (In Persian). 

21. Nikoumanesh, K., A. Ebadi, M. Zeinalabedini, and Y. Gogorcene. 2011. Morphological and molecular 
variability in some Iranian almond genotypes and related Prunus species and their potentials for rootstock 
breeding. Sci Hort, 129: 108–118. 

22.  Rostamikia, Y., M. Fattahi, and A.A. Imani. 2009. Investigation of genetic diversity of wild pistachio using 
fruit and leaf morphological characteristics. Iran. J. Rang. Forests. Breeding .Gen. Res 17(2): 284-294 (In 
Persian). 

23. Sadeghi seresht, E. 2014. Study of morphological and molecular diversity of a population Banebaghi seedlings 
(Pistacia eurycarpa × Pistacia atlantica Desf. subsp. mutica) and evaluation their to salinity stress. Thesis of 
master in horticultur, faculty of agriculture, Vali-e-Asr University, Rafsanjan, 162 p (In Persian) 

24. Safarnejad, A. 2012. Characterzation of different Pistacia vera varieties in Khorasan province of Iran. Inter. J. 
Adv. Biol Res. 2(4): 636-640. 

25. Tajabadi Pour, A., A. R. Sepaskhah, and M.Maftoun. 2005. Plant water relations and seedling growth of three 
pistachio cultivars as influenced by irrigation frequency and applied potassium. J. Plant Nut, 28(8): 1413-1425. 

 
 
 
 
 
 
 
 

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
2.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

1-
29

 ]
 

                            16 / 17

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.2.0
http://journal-irshs.ir/article-1-337-en.html


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

289 

Iranian Journal of Horticultural Science and Technology 21 (3): 273 - 288 (2020)  
Research article 
 

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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