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1 - Non Pareil                                                            2 - Shablon 
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†Means followed by different letters in columns are significantly different at 5% level using Duncan's test. 
 †F3c��3
"�# "���: b�1"�# r�� 9
  �:
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�
?5 ��J ��
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��: ��9D#.  
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�A,��"�#  �+���8 ��:�� "�N� ���-  ����R�) ��1�
 �: �:1395  :�:�= �1396 ?� B�E (�K.���3- 
Table 1. Mean comparison of vegetative traits of 8 almond seedling rootstocks in two stages (September 2016 and June 2017) before budding. 
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Seedling rootstock  
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Laterals 
length (cm) 

2=�: ]� %�� 

Plant height 
(cm) 

2=�: �\E 

Tree diameter 
(mm) 

a+= �:�
 

Dry matter 
(%) 

�9DK�= 

Ash (%) 
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 ��1�
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 ��1�
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 `�� ��1�
 

 ��1�
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 ��1�


`�� 

 ��1�
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  First stage  
First 
stage 

Second 
stage 

First 
stage 

Second 
stage 

First 
stage 

Second 
stage 

First 
stage 

Second 
stage 

) ��# × ��:��GF677 ( 

P. dulcis × P. persica 
4.46a 0.93b 10.50a 25.12a  65.0a 102.7a 8.97a 14.86a 46c 39b 3.0c 2.0c 


[�� 
P. elaeagnifolia 

1.17de 0.33d 5.16bc 9.60bc  26.7d 36.8e 4.58b 6.41c 54abc 64a 8.8ab 7.3a 


[�� × ��:�� ��#� 
P. dulcis × P. elaeagnifolia 

1.45de 0.39d 8.30ab 12.57b  29.2d 51.0cde 5.55b 9.18abc 54abc 41b 8.8ab 4.4bc 


[�� × ��:��#�K� 
P. scoparia × P. elaeagnifolia 

1.67d 0.64c 11.83a 14.67b  42.8c 54.2cd 7.66a 10.88abc 58ab 53ab 7.9b 6.3ab 

��:��#�K� 
P. scoparia 

1.21de 0.31d 1.33e 4.10c  23.7d 39.3de 4.43b 13.13ab 49bc 47b 7.3b 5.4ab 

��:�� T�% 
P. dulcis var. amara 

3.53b 1.14a 4.00cd 15.18b  39.9c 66.6c 7.66a 10.96abc 53abc 48ab 3.2c 4.3bc 

��:�� ��#� × 
[�� 
P. elaeagnifolia × P. dulcis 

2.69c 0.81bc 8.50ab 15.98b  56.8b 85.7b 7.83a 12.9ab 60a 44b 3.3c 4.8ab 

��:��#�K� × 
[�� 
P. elaeagnifolia × P. scoparia 

1.38de 0.41d 4.43cd 9.55bc  30.9d 42.2de 4.93b 8.17bc 51abc 54ab 10.9a 7.2a 
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� Y2��:"�� ���-"�#  � T�% ��:���A��:"�#  
[��×  ��:�� �#�K�  
[��×   F��9�K � ��#� ��:��


�43
 "��  ���-��:���#�K  �� ��#�+
) `���3.( 

  

 `���2- �/
 M���3- � ���- ��!� "�#�w� � C�H�#�� F3c��3
 �D��!�: �� ����3A  � �3.�����3-�K ���R�. 

Table 2. Mean comparison of interaction and main effects of rootstocks and scions on percent   primary and final 
budding success.  

†For each scion cultivar, means of rootstocks followed by the same letter are not significantly different at P ≤ 
0.05, according to Duncan’s multiple range test. 

†F3c��3
 YM���3- IE� �# �:���- �� S���
 "�#�� "�# b�1"�# ���+
 �:  `��91� �\<5% 
�
?5 ��J ��
�:"� FH��: "���: r�� % ��Z
"��: 

.��9D3� 
 

  �<���"�# F3+3-  ����"�3A��K ��# �A��: ���- ×  "��� r��E �c��3� ��:����2�D�  ���- F�� ">���
���� )24( r��E .

 ���- ">�� ����A��: ��# ×  ��:��  �I#F3�J  �: ��J�# T�% ��:��M�="�#  a� 75 IK de��
 � L3Zt"��
:�< ��7�D1 

�
��5�
� Y  >�� 2+K IK��% � ��%�K 
�9=�: �K 
��
 "������ �:�G��
  F�� ">�� ��� r��E Y2<����-�# �H� ?� ����"�# 


5 � �
2<�#Y�� F�� ?� . `�< �:�3=� "�# �
���� ?� �% ��9D# ^j% �: ":�,�R� "�#�A��: "�#F3����A"�  Q���<��# 

���-���#  B3D��9- ����%�K�A���K �� 6�� :�	�� 2R� ������ ���Z
 IK��9
 "�#)6( .�� i�<� �?����"�3AM���3- "��� "�# �#

 Y�\E Y]� %�� F��9�K���� �=�� � ��c��3
 `�e Y��A��:�� ���- "�� ����� "�# ?� �H� � �#�K�A��:"�#  
[��×  ��#� ��:��

 �� ��#�+
 `���)3(  B3D��9- �c��3� �K��%�K F�� �A���K�:�
"�#  "��� �H39�[��R�"��:��  �: �:� 9<� �� � I3/9D


  
�3.�� ����3A �!�: (��
�R
) 

Primary budding success (July) 
(%)  

   ����3A �!�:���R� (��
�3%) 

Final budding success (October) (%) 

�.�R��: ���- 
Seedling rootstock  

�.5 M���3- 
Plum scion 

��:�� M���3- 
Almond 

scion 
    �.5 M���3- 

Plum scion 

��:�� M���3- 
Almond 

scion 
  

) ��# × ��:��GF677 ( 
P. dulcis × P. persica 

22.06e 66.43c   14.66f 36.60e  


[�� 
P. elaeagnifolia 

91.90ab 83.66b   79.33a 73.36ab  


[�� × ��:�� ��#� 
P. dulcis × P. elaeagnifolia 

71.16d 60.40c   35.10e 46.03d  


[�� × ��:��#�K� 
P. scoparia × P. elaeagnifolia 

83.40c 87.30b   71.50bc 78.43a  

��:��#�K� 
P. scoparia 

75.40d 65.06c   54.83d 56.30c  

��:�� T�% 
P. dulcis var. amara 

95.66a 88.43b   82.50a 80.46a  

��:�� ��#� × 
[�� 
P. elaeagnifolia × P. dulcis 

90.50ab 96.90a   76.40ab 77.73a  

��:��#�K� × 
[�� 
P. elaeagnifolia × P. scoparia 

91.23ab 96.83a   67.90c 61.50bc  
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�
���� "�#":�,�R�  ���-�
.���� ��J�#  �9D��� �9+3� 
��3�e� "����Z.�\
 "�#��>�e r�
 F�� "�� "�%
�A:�,� �# r��!

:�3A .�w�"�#  � ��� �� ���-28���<��� ) ��:�� �: M���3-21) ��c�� (19) @3< � (20 43� (^��4A ��� .2<� 

   �<����	39�"�# p�� �\< �� S���
 BK M���3-M���3- �K :�: 
�+� �#p�4� p�� �\< ��:�� �� 2�D� �.5 "�# "�%

� �.5 .��9��:3p�� �\< F��9+ BK )300 �9��<�9
  �� (v��
"�� F��9�K � T�% ��:�� ���- ) ���/
2/62 �9��< �� (v��
 �9


"�� ��# �A��: ���- × ) p�� �\< F��9+3� ��:�� M���3- �: �
� Y:�: 
�+� ��:��4/146 �9��< (v��
 �9
"�� ��# �A��: ���- × 

) ���/
 F��9�K � ��:��2/52 �9��< (v��
 �9
"��  
[�� �A��: ���-× .�� ��#�+
 ��#� ��:�� �\< p�� 
�9=�: ��3D� �9D��� 

�� IE� � ���A 2<��
� Y 
�9=�: "�EY�% @��� �\< p�� "�9+3� 43� .����: ���- ����e I3/9D
�3� �\< �� p�� ?� ��� `�9�K 

 v�?�%r���3#���K�#  F3������"�# L�98
 ��3A ��? �3wf% ���E �
) �#:18.(  �: �+#�,-"��  43� ��c��^��4A ���  �K 2<�

 ���- ]���
����% �\< p�� ��c�� ��E�� ���3- ��� 
�43
 �� �� B��EC��4�� �R��% �#: )20(. C#�K �\< p�� �H� ?� 

���#��K�?�< 2<� �K 
�#�3A � ?� ���� ��:�� "��� ���� ?� �H+= � C#�K �w� C�% IK��5  ����:)4.(  

��(��.��,�+ 2�0 ��$,3,�4�� ��%  

/�' � 5�����'���6,
7  

  �	39�"�#  ���- �� S���
 B3����K 
�43
 F��9�K M���3- ]�� �: �# �: �K :�: 
�+� B3����K �<����A��: 
[�� × 

��:���#�K :��3- �: . 
�43
 F��9+3� ��:�� M���B3����K )8/3 ��3
(��A �� ��A �� ��#�+
 T�% ��:�� ���- �:Y  M���3- �: �
�

B3����K 
�43
 F��9+3� �.5 )83/2 ��3
��A (��A ��  �� S���
�A��: ��# × ��:�� ��Z
 bj9=� ���- F�� ��J�# 2<� �� "��:

���- ���<�� �# 4��A��: 
[�� × ��:���#�K 2����   `���)4(. �3���%��K 
�43
 F��9+3� )69/1 ��3
 (��A �� ��A M���3- �:

�� ��#�+
 T�% ��:�� ���- "�� ��:��Y  bj9=� �
��Z
���: �� "���- ���<�3���%��K 
�43
 F��9+3� .2���� �# )22/1 ��3
 ��A

(��A �� "�� �.5 M���3- �: ��# �A��: ���- × ���- �� �K :�� ��:�� YT�% ��:�� "�#��:��#�K� 
[�� �A��: � × ��:��#�K bj9=� �

��Z
) :�: 
�+� "��: `���4.( 

  �
 ���-����% �� � :��Nc� �3wf% 49�<�9� I#F3�J ��� � @3K�% ���� 
�#�3A -3��� ��� �� �33x% �#: � �����K 7N� 

"�#�_�� "���t �� C��4�� ) �#:1.( C�%"�# �
 L�98
���%�@��
 � C#�K 
�43
 ��R� � B3����K"�� ���3�3��9� 

 I9D3<�9�II )(PSIl ����
� Y� F�� �w��# �� �

��% �� ���3- :��R� ) :�:22( . ���9��+#�,- 
�+� :�: �K "��A?�<�� ���3- o��� 

C#�K ������% 49�<�9� � C#�K 
�3� 
["�# y�%�
 �� 49�<�9� �
� :�� I#F3�J 
["�# y�%�
 �� 2=�< �3���%���K 43� 

����e B��E�
 C#�K �R��%���� .�#�3���%���K �: F3m%��-� ����: ���1 �3��Kj3% "�+� "�#  C�% B��/
 �: �9s� 1 C/�

 ����/.� �3%��3DK� �� �: � ����:23�<���:?  C#�K o��� � ���w�
 43� B3����K ?��w�"�#  ��<`�H�:��"�#  :�?5�
���� 

)14(.  

   ���- �: �%>�� B3����K 
�43
GF677 C3-�% ^��4A 43�  B3.: �� �K 2<� ���B��%  �� ���- F�� ��D�IK�c��4�<  ����

�
 F#5 :���K ?�) ����15 �9�.� .( ?� �c�: �+#�,- �:�A��:��# L�98
 "�# ×  ��:����
����  �:� 9<� ��# IE� �: "��� ���-

 F3� �K ���-���#  bj9=��Z
���: "?� �G� ��#�+
 B3����K 
�43
 ��:�c� )38 .(���K��e�Y ���/
 B3����K ��
���� a� 

��3Z
 ��3D� �3 
 �����# "��� ����?�� 23Zt� a�[�.��43� ��3A :��
  ���%���E �
:�3A. 

 �
� 18���� �  

   M���3- �:��Z
 bj9=� ��:��?� "��: ���- �3wf% �G���E 
�43
 �� L�98
 "�# p��  M���3- ]�� �: �# �: .�+� ��#�+


 F��9+3�2G�� .:�� T�% ��:�� ���- �� S���
 ��E �9<�+� 
�43
 F��9+3� ��:�� M���3- �:  p��)5 ��3
(��A �� ��A  �� S���


��:���#�K ��Z
 bj9=� �K :�����- �� �� "��: ��# �A��: ����
 ���#× ��#� ��:�� �A��: Y��:�� × ��:�� �A��: � 
[���#�K × 

 :�: 
�+� 
[��) `���4( .#���K3r����#"  B!�1 (�9<�+� � ?��K�< Y?�9K��� Y4K��A) "��9=�<�3��3.�%"�#  ���t�

 � "[��� �3.�% 2R� �K 2<� "49�<�9�ATP �
 �:� 9<� ��3A �: .�����-���#  v�?�% �: �33x% :�	�� ��#���K3r����#  �:

������#"  ��3A L�98
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 `���3- F3c��3
 �D��/
 �w� M���3- � ���- C�H�#��  ���A,��"�# �+��� M���3-�.5 � ��:�� "�#  

Table 3. Mean comparison of interaction effect of rootstocks and scions on vegetative traits of almond and plum 
scions. 

†For each scion cultivar, means of rootstocks followed by the same letter are not significantly different at P ≤ 
0.05, according to Duncan’s multiple range test. 

†IE� �# �: M���3-Y 
F3c��3"�# S���
 �� �-��"�# �� b�1"�# ���+
 �: �\< `��91� 5% 
�
?5 ��J ��
�:"� FH��: "���: r�� % ��Z
"��: 

3���9D. 
  

9,
�  

   F��9�K) 2G��9/0 ��3
(��A �� ��A @3K�% "�#.����  �: p�� F��9+3� � :�� T�% ��:�� ���- �� S���
 ��:�� M���3-

�A��: �: `��� 
�43
�� ��#�+
 ��#� ��:�� �� 
[�� "�#Y �
� `��� 
�43
 F��9+3� �.5 M���3- �: )7/6 ��3
 (��A �� ��A �:

 ���-�A��: 
[�� × ��:��#�K� `��� 
�43
 F��9�K � 2��: :��� )9/0 ��3
 (��A �� ��A �� S���
 43��A��: 
[�� × ��:�� ��#� 

IE� 

Cultivar 

�.�R��: ���- 

Seedling rootstock 

2=�: ]� %�� 

Tree 
height 
(cm) 

2=�: �\E 

Tree 
diameter 

(mm) 

��A :��Z% 

Node 
number 

��c��3
 `�e  

Internode 
length (cm) 

 �=�� :��Z%

���� 

Laterals 
number 

p�� �\< BK  

Total leaf 
)2area (cm 

 
�� ��:��

B���- 

Non Pareil 
almond 

 

) ��# × ��:��GF677 ( 
P. dulcis × P. persica 

70.53a 7.6a 65.3a 1.0ab 9.5a 146.4a 


[�� 
P. elaeagnifolia 

49.03abc 5.4ab 49.0abc 1.0ab 2.0cd 91.8cd 


[�� × ��:�� ��#� 
P. dulcis × P. 

elaeagnifolia 

35.33bc 4.1ab 41.0bc 0.8bc 3.7bcd 52.2e 


[�� × ��:��#�K� 
P. scoparia × P. 

elaeagnifolia 

50.83abc 5.6ab 55.7ab 0.8bc 6.7abc 102.0bc 

��:��#�K� 
P. scoparia 

26.67c 2.8b 35.0c 0.7c 0.0e 62.2de 

��:�� T�% 
P. dulcis var. amara 

58.87ab 6.6a 54.3abc 1.0ab 7.3ab 126.8ab 

��:�� ��#� × 
[�� 
P. elaeagnifolia × P. 

dulcis 

73.77a 7.8a 60.7ab 1.1a 8.3ab 145.0a 

��:��#�K� × 
[�� 
P. elaeagnifolia × P. 

scoparia 

50.33abc 4.6ab 48.7abc 0.9abc 11.0a 91.8cd 


����� "�.5 

Shablon 
plum 

) ��# × ��:��GF677 ( 
P. dulcis × P. persica 

58.33ab 6.0ab 49.5bcd 1.1ab 3.0a 62.2e 


[�� 
P. elaeagnifolia 

32.27bc 3.5bcd 34.4de 0.8bc 0.0b 79.8de 


[�� × ��:�� ��#� 
P. dulcis × P. 

elaeagnifolia 

30.00bc 3.2cd 39.0cd 0.7c 0.0b 126.8cd 


[�� × ��:��#�K� 
P. scoparia × P. 

elaeagnifolia 

69.50a 5.9ab 53.0abc 1.2a 2.7ab 232.0b 

��:��#�K� 
P. scoparia 

18.00c 2.3e 21.7e 0.7c 0.3b 145.0c 

��:�� T�% 
P. dulcis var. amara 

62.20a 5.6ab 48.3bcd 1.1ab 3.7a 300.0a 

��:�� ��#� × 
[�� 
P. elaeagnifolia × P. 

dulcis 

75.07a 6.6a 58.7ab 1.1ab 2.3ab 91.8cde 

��:��#�K� × 
[�� 
P. elaeagnifolia × P. 

scoparia 

83.83a 8.1a 66.3a 1.1ab 3.0a 249.8ab 
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.2<� :��� @3K�%"�# �� �.���
���� P=�� ��R
 "��� ����?�� "��A?�< ���3- �9=������ ) 2<�27 .(��1�
"�#  �3.��

 2��� 4���% � ���3- �����3-  Q�� �:�<��# I#
�
? @3K�% 2����� �� "�#) 2<� �.���2@3K�% .("�# �.��� ��
���� �+8� 

?� ��K�?�< ]��: �+3�# �#�3A �: B�
 ���3- �9=�< ���.��� @3K�%"�#  � �98
 �����9=��� ������ �K I3D/% �9=��"�Y 

�Z<�% � 4���% �31�� �: �� ���3- ��? �3wf% �
 ���E��#: .`���j� 2G�� )F3H%�K F��3��3<�9�5��- � (r�
 �#�%�K Q- ?�  ���3-

�
 C��4��� ���� 9��:3�	 `��� ���= ?� B��K�� o��� `j9=� �: ��� 2���"�# ��= )���5 ���J � CH�5(Y B=��%  �:2=�< 

F3�c3. � �� ��� `:�Z% �
 ���
��#:�� )7.(  
  

 `���4 -  F3c��3
 �D��/
 �w� M���3- � ���- C�H�#��p�� ���3�3��3� r��3K�% 
�43
 �� M���3- �:.�.5 � ��:�� "�#  

Table 4. Mean comparison of interaction effect of rootstocks and scions on biochemical composition of almond 
and plum scions. 

†For each scion cultivar, means of rootstocks followed by the same letter are not significantly different at P ≤ 
0.05, according to Duncan’s multiple range test. 

†IE� �# �: M���3-Y 
F3c��3"�# S���
  ���-���� "�# b�1"�# ���+
 �: �\< `��91� 5% 
�
?5 ��J ��
�:"� FH��: "���: r�� % ��Z
"��: 

3���9D. 

IE� 
Cultivar 

�.�R��: ���- 
Seedling rootstock 

B3����K 

Chlorophy
ll 

(mg g-1 
F.W) 

��K��3���%  

Caroten
oid ( mg 
g-1 F.W) 

��E 

Sugar 
( mg g-1 
D.W) 

�9<�+� 

Starch 
( mg g-

1 D.W) 

`��� 

Pheno
l 

( mg g-

1 D.W) 

a+= �:�
 

Dry 
Matter 

Content 
(%) 

�9DK�= 

Ash 
(%) 

 
�� ��:��

B���- 
Non 

Pareil 
almond 

 

) ��# × ��:��GF677 ( 
P. dulcis × P. persica 

2.14ab 1.25a 98.6a 1.2b 3.8a 37a 6.4a 


[�� 
P. elaeagnifolia 

1.26ab 0.85a 91.4a 2.3ab 1.7b 37a 5.9a 


[�� × ��:�� ��#� 
P. dulcis × P. elaeagnifolia 

1.15ab 0.83a 121.0a 2.2ab 3.6a 35a 6.6a 


[�� × ��:��#�K� 
P. scoparia × P. 

elaeagnifolia 

0.84b 0.71a 81.0a 3.2ab 1.5b 33a 7.6a 

��:��#�K� 
P. scoparia 

1.40ab 0.95a 106.4a 5.0a 1.6b 33a 6.7a 

��:�� T�% 
P. dulcis var. amara 

3.8a 1.69a 124.3a 1.5ab 0.9b 34a 8.1a 

��:�� ��#� × 
[�� 
P. elaeagnifolia × P. dulcis 

1.86ab 1.12a 65.7a 1.22b 3.4a 34a 5.3a 

��:��#�K� × 
[�� 
P. elaeagnifolia × P. 

scoparia 

1.64ab 0.99a 114.5a 1.3b 1.2b 31a 6.5a 

 "�.5


����� 

Shablon 
Plum 

) ��# × ��:��GF677 ( 
P. dulcis × P. persica 

2.83a 1.22a 117.7a 3.0ab 1.1c 27ab 4.6b 


[�� 
P. elaeagnifolia 
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Table 5. Mean comparison of interaction effect of rootstock and scion on leaf nutrient element content of almond 
and plum scions. 

IE� 

Cultivar 

�.�R��: ���- 
Seedling rootstock 

      
� D� 

P (%) 
I3<�9- 
K (%) 

F#5 
Fe (mg/kg) 

"�� 
Zn (mg/kg) 

4�c�
 

Mn (mg/kg) 

B���- 
�� ��:�� 
Non Pareil 
almond 

) ��# × ��:��GF677 ( 
P. dulcis × P. persica 

0.113a 2.50a 132abc 33c 143a 


[�� 
P. elaeagnifolia 

0.112a 2.00ab 173a 48ab 123ab 


[�� × ��:�� ��#� 
P. dulcis × P. elaeagnifolia 

0.112a 2.25a 106c 39abc 102abc 


[�� × ��:��#�K� 
P. scoparia × P. elaeagnifolia 

0.114a 1.53b 123abc 52a 73c 

��:��#�K� 
P. scoparia 

0.112a 2.08ab 109bc 35bc 84bc 
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†For each Scion cultivar, means of rootstocks followed by the same letter are not significantly different at P ≤ 
0.05, according to Duncan’s multiple range test 

† IE� �# �: M���3-F3c��3
"�# �-��"�# �� b�1"�# ���+
 �: �\< `��91� 5% 
�
?5 ��J ��
�:"� FH��: "���: r�� % ��Z
"��: 3���9D. 
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 For successful establishment of an almond orchard, the choice of an appropriate rootstock 
has a great importance. Recently, wild almond species have been highly regarded because of 
high genetic diversity, resistance to biotic and abiotic stresses as well as the ability to produce 
inter and intra specific hybrids. This research was carried out to investigate the graft 
compatibility and also the interaction of different rootstock-scion combinations including two 
‘Non Pareil’ almond and ’Shablon’ plum as scion and nine different seedling rootstocks 

including domesticated and wild almond species as well as some of their inter specific 
hybrids, during two consecutive years (2016-2017). Measurement of vegetative growth 
parameters in two stages before budding showed that peach × almond hybrid rootstock had 
the highest growth rate. The highest and the lowest percentages of final budding success in 
both plum and almond scions were observed in bitter almond seedling rootstock (82.50 and 
80.46%, respectively for plum and almond scion). This is the lowest rate of budding success 
in both scion cultivars were recorded in hybrid seedling rootstocks of  
peach × almond hybrid (14.66 and 36.60%, respectively for plum and almond scion). 
Considering the growth indices of scion cultivars after budding, P. dulcis × P. elaeagnifolia 
hybrid rootstocks and P. scoparia were the rootstocks having the highest and the lowest plant 
height and trunk diameters. The maximum and minimum amount of total chlorophyll were 
measured in peach × almond and P. elaeagnifolia × P. scoparia hybrid rootstocks, 
respectively. The absorption of all of measured elements (potassium, zinc, iron, and 
manganese), except phosphorus, were significantly affected by rootstocks. In general, 
investigated rootstocks especially hybrids had good compatibility with both plums and 
almonds. Due to the diversity of growth and physiological traits as well as the different ability 
to absorb nutrients, hybrid rootstocks can be considered as the potential rootstocks for almond 
and plum in different climatic and soil conditions. 
Keywords: Almond, Wild Species, Inter-Specific Hybrids, Rootstock, Scion. 
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