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Table 1. The list of promising apple clonal rootstocks tolerant to crown rot and commercial control rootstocks.  
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Table 2. Mean comparison of rootstock and scion interaction effects on some vegetative characteristics of Red Delicious and Golden Delicious apple cultivars. 
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Sapling 
height 
(cm) 
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m�E�$# 
Branch 

number 

 I��
m�E�$# 
Branch 

length 
(cm) 

	
�� �K� 
Rootstock 
diameter 

(mm) 

 �K�>��  

Scion 
diameter 

(mm) 

 ��� �K�
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Graft 
point 

diameter 
(mm) 

 C:�*
��.� 

Growth 

habit 

 

	
�� 
Root-
stock 

]�$��� 
Scion 

 M�/��#
I�N$ 

Sap-
ling 

heigh
t 

(cm) 

 :#�E�
m�E�$# 
Branch 

number 

 I��
m�E�$# 
Branch 

length 
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Rootstock 
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Scion 
diameter 

(mm) 
(mm) 
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Graft 
point 

diameter 
 (mm) 

 C:�*
��.� 

Growth 

habit 

MS1 GD 75.67 z-u 1.17 f-h 13.75 
n-p 15.03 i-o 8.97 p-u 17.48 j-v 2.00bc  

MS18 GD 
121.3
3 e-q 2.67 d-h 63.90 c-o 21.33 c-m 13.10 g-s 22.33 d-s 1.00bc 

 RD 79.83 z-q 2.00 e-h 16.40 
m-p 14.10 j-o 10.00 o-u 16.53 j-v 2.00bc  

 RD 
150.5
0 a-h 2.00 e-h 118.60 

ab 21.00 c-m 14.00 d-q 31.67 b-e 1.00bc 

MS2 GD 67.50 z-v 1.50 f-h 26.25 i-
p 17.80 f-o 9.20 p-u 15.15 m-

v 2.00bc  
MS19 GD 

92.50 
o-y 2.67 d-h 27.57 h-p 18.00 f-o 10.10 o-u 18.00 i-v 1.00bc 

 RD 106.00w -j 2.33 d-h 47.87 
d-p 18.03 f-o 11.20 l-t 19.70 g-v 1.67bc  

 RD 
159.0
0 a-f 1.00 f-h 123.00 a 19.00 e-o 

17.00 b-

m 25.00 d-n 1.00bc 

MS3 GD 54.00 z-y 2.00 e-h 34.00 f-
p 15.30 i-o 7.60 s-u 13.90 q-v 2.00bc  

MS20 GD 
109.0
0 i-v 3.67 c-g 76.17 a-i 19.33 d-o 12.33 i-t 24.33 d-p 1.00bc 

 RD 94.33 y- n 2.67 d-h 44.20 
d-p 16.10 g-o 11.03 m-t 19.20 h-v 1.33bc  

 RD 
125.6
7 e-p 2.33 d-h 85.50 a-f 20.00 c-n 14.67 c-q 23.00 d-r 1.00bc 

MS4 GD 136.50 a-m 3.00 c-h 55.30 
d-o 15.60 h-o 15.30 c-o 22.30 d-s 1.00bc  

MS22 GD 
118.0
0 f-t 

4.00 c-f 84.40 a-g 19.33 d-o 14.33 c-q 30.00 b-g 1.00bc 

 RD 135.00 b-n 4.00 c-f 92.00 
a-e 21.30 c-m 13.40 f-s 24.20 d-q 1.00bc  

 RD 
135.0
0 b-n 1.00 f-h 86.00 a-e 15.00 i-o 12.00 j-t 23.00 d-r 1.00bc 

MS6 GD 140.00 a-l 2.00 e-h 75.00 
a-i 11.50 no 14.50 c-q 26.00 d-l 1.00bc  

MS23 GD 
127.6
7 d-p 5.33 a-d 77.90 a-i 20.33 c-m 17.33 b-k 29.67 b-g 1.00bc 

 RD 120.00 e-s 2.00 e-h 76.00 
a-i 11.00 o 9.80 o-u 23.00 d-r 1.33bc  

 RD 
141.0
0 a-k 7.00 ab 93.50 a-d 21.50 c-m 20.00 a-d 25.50 d-

m 1.00bc 

MS8 GD 145.00 a-j 7.00 ab 90.00 
a-e 26.00 b-f 18.00 a-j 32.00 b-d 1.00bc  

MS28 GD 
120.6
7 e-r 3.67 c-g 77.93 a-i 24.33 c-g 17.67 a-k 26.67 d-j 1.00bc 

 RD 129.00 c-p 3.50 c-g 75.30 
a-i 18.50 e-o 15.00 c-p 26.00 d-l 1.00bc  

 RD 
71.00 

u-z 2.00 e-h 41.00 e-p 15.00 i-o 7.00 uy 17.00 j-v 1.00bc 

MS9 GD 119.67 e-s 1.67 f-h 62.50 
c-o 22.73 c-j 14.00 d-q 18.00 i-v 1.00bc  

MS30 GD 
112.3
3 g-u 3.33 c-g 70.40 b-k 20.67 c-m 15.00 c-p 25.33 d-

m 1.00bc 

 RD 135.08 b-n 2.17 e-h 117.82 
ab 21.50 c-m 13.17 g-s 24.17 d-q 1.00bc  

 RD 
43.00 

z 0.00 h 0.00 p 20.00 c-n 5.00 u 10.00 uv 1.00bc 

MS10 GD 106.17 j-w 3.83 c-f 74.33 
a-i 28.50 bc 

16.50 b-

m 25.17 d-n 0.83bc  
MS32 GD 

106.5
0 j-v 3.50 c-g 77.75 a-i 22.00 c-k 13.00 h-t 23.50 d-q 1.00bc 

 RD 109.25 h-v 1.50 f-h 78.65 
a-h 16.50 g-o 9.50 o-u 20.50 f-t 1.00bc  

 RD 
90.33 

p-y 2.00 e-h 15.63 m-

p 20.13 c-m 11.87 k-t 9.63 v 1.33bc 

MS17 GD 112.50 g-u 3.50 c-g 85.25 
a-f 27.00 b-e 

16.50 b-

m 24.50 d-o 1.00bc  
MS35 GD 

99.33 
k-x 0.67 gh 28.67 h-p 21.67 c-l 14.73 c-q 14.87 n-v 1.33bc 

 RD 108.83 i-v 2.83 d-h 73.67 
a-i 22.83 c-i 14.83 c-p 20.83 f-s 0.83bc  

 RD 
97.50 

m-x 2.00 e-h 52.88 d-o 24.20 c-h 13.10 g-s 20.65 f-s 1.00bc 

Means followed by the same letters in each column are not significantly different at 5% probability level using Duncan’s Multiple Range Test. 
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Table 2. Continued. 

	
�� 
Rootstock 

]�$��� 
Scion 

 M�/��#
I�N$ 

Sapling 
height 
(cm) 

 :#�E�
m�E�$# 
Branch 

number 

 I��
m�E�$# 
Branch 

length 
(cm) 

	
�� �K� 
Rootstock 

diameter 

(mm) 

 �K�>��  

Scion 
diameter 

(mm) 

 ��� �K�
�$��� 

Graft 
point 

diameter 
(mm) 

 C:�*
��.� 

Growth 

habit 

 

	
�� 
Rootstock 

]�$��� 
Scion 

 M�/��#
I�N$ 

Sapling 
height 
(cm) 

 :#�E�
m�E�$# 
Branch 

number 

 I��
m�E�$# 
Branch 

length 
(cm) 

	
�� �K� 
Rootstock 

diameter 

(mm) 

 �K�>��  

Scion 
diameter 

(mm) 

 ��� �K�
�$��� 

Graft 
point 

diameter 
(mm) 

 C:�*
��.� 

Growth 

habit 

MS40 
GD 

96.00 m-

x 2.67 d-h 40.97 e-

p 19.73 d-n 14.50 c-q 13.97 p-v 1.33bc  

NS4 
GD 

70.50 u-

z 2.00 e-h 13.67 n-

p 27.93 b-d 11.83 k-t 19.73 g-v 16.67a 

RD 
103.33 

j-x 1.67 f-h 33.27 g-

p 21.70 c-l 13.80 e-r 15.87 k-v 1.00bc  
RD 

61.67 x-

z 1.00 f-h 12.50 op 17.70 f-o 9.57 o-u 12.13 s-v 0.00c 

ZN1 
GD 

90.33 p-

y 2.00 e-h 15.63 
m-p 20.13 c-m 11.87 k-t 9.63 v 1.33bc  

MK2 
GD 

82.67 q-

z 0.67 gh 18.50 l-p 21.17 c-m 9.07 p-u 15.60 l-v 13.33ab 

RD 
68.00 v-

z 2.00 e-h 32.50 h-

p 23.30 c-i 12.20 i-t 24.50 d-o 2.00bc  
RD 

64.50 w-

z 2.00 e-h 49.50 d-

p 18.67 e-o 11.17 l-t 21.40 e-s 18.33a 

ZN2 
 

GD 98.30 l-x 1.00 f-h 52.00 d-

o 21.20 c-m 16.30 c-n 28.10 c-i 1.00bc  

MK4 
GD 

74.50 u-

z 0.00 h 0.00 p 21.30 c-m 7.80 r-u 12.40 s-v 0.00c 

RD 79.00 r-z 2.33 d-h 27.82 h-

p 19.27 d-o 
11.03 m-

t 16.97 j-v 1.00bc  
RD 98.50 l-x 2.00 e-h 69.25 b-l 20.20 c-m 12.10 i-t 21.30 f-s 0.00c 

ZN5 
 

GD 
63.50 x-

z 0.00 h 0.00 p 13.40 k-o 8.70 q-u 10.30 t-v 1.00bc  
T1-S4 

 

GD 
130.00 

c-p 5.00 b-e 50.80 d-

p 22.70 c-j 19.80 a-e 39.10 ab 2.00bc 

RD 
111.00 

g-u 3.67 c-g 55.07 d-

o 20.23 c-m 
16.50 b-

m 22.23 d-s 0.67bc  
RD 

169.00 
a-c 6.00 a-c 72.00 b-j 36.90 a 23.20 a 45.10 a 2.00bc 

ZN8 
 

GD 76.75 t-z 2.50 d-h 20.60 j-
p 19.35 d-o 10.35 n-u 15.90 k-v 1.50bc  

T2-P22 
 

GD 
176.00 

a 7.00 ab 64.80 c-

n 32.40 ab 19.10 a-g 42.10 a 2.00bc 

RD 
134.67 

b-n 4.00 c-f 52.98 d-

o 22.90 c-i 18.80 a-h 26.27 d-k 1.00bc  
RD 

160.50 
a-e 6.00 a-c 72.60 a-i 38.30 a 22.30 ab 42.30 a 2.00bc 

ZN11 
 

GD 
78.17 s-

z 1.67 f-h 
29.83 h-

p 16.97 g-o 13.23 g-s 16.63 j-v 0.00c  
T3-M9 

 

GD 
130.00 

c-p 4.00 c-f 41.25 e-

p 36.20 a 18.40 a-h 37.40 a-c 1.00bc 

RD 
81.75 q-

z 2.50 d-h 26.65 i-
p 15.90 g-o 12.90 h-t 19.20 h-v 2.00bc  

RD 
155.00 

a-f 8.00 a 43.20 d-

p 33.40 ab 18.10 a-i 38.90 ab 2.00bc 

ZN12 
 

GD 
82.67 q-

z 
0.67 gh 18.50 l-

p 21.17 c-m 9.07 p-u 15.60 l-v 13.33ab  
T4-

MM106 
 

GD 
102.50 

k-x 
5.00 b-e 66.80 c-

m 21.80 c-l 17.20 b-l 24.40 d-o 2.00bc 

RD 
75.25 u-

z 2.00 e-h 27.40 h-

p 12.95 m-o 10.00 o-u 14.45 o-v 0.00c  
RD 

171.00 
ab 8.00 a 74.50 a-i 26.30 b-f 22.40 ab 31.80 b-d 1.00bc 

NS2 
GD 

96.50 m-

x 3.00 c-h 60.37 c-

o 23.47 c-i 14.20 c-q 22.40 d-s 0.00c  
T5-

MM111 
 

GD 
167.00 

a-d 8.00 a 56.12 d-

o 24.30 c-h 20.20 a-c 22.30 d-s 2.00bc 

RD 
82.50 q-

z 1.00 f-h 27.50 h-

p 20.00 c-n 15.43 c-o 20.03 g-u 0.00c  
RD 

151.50 
a-g 7.00 ab 77.40 a-i 23.10 c-i 22.20 ab 30.40 b-f 2.00bc 

NS3 
GD 48.00 z 2.00 e-h 20.00 k-

p 13.20 l-o 10.30 n-u 13.10 r-v 0.00c  
T6-M7 

 

GD 
150.00 

a-i 7.00 ab 47.20 d-

p 23.40 c-i 17.20 b-l 28.40 c-h 2.00bc 

RD 
82.67 q-

z 0.67 gh 18.50 l-
p 21.17 c-m 9.07 p-u 15.60 l-v 13.33ab  

RD 
134.00 

b-o 3.00 c-h 110.60 
a-c 21.20 c-m 19.30 a-f 25.20 d-n 1.00bc 

Means followed by the same letters in each column are not significantly different at 5% probability level using Duncan’s Multiple Range Test. 

 H"��� �� �:D�@$��� ��� �#�#:>O��: 
'E� C��/� ]���� F�Z R
 I���Z# JK� �: DO$#: "��;\ �x$ ;# ��#:5% .�$�#�$  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

1.
15

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
7-

12
 ]

 

                            10 / 19

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.1.15.6
http://journal-irshs.ir/article-1-480-en.html


 ��� �����	
�� ���  
�
�� ����� 	��� 
������ 	�... ��� 

127 

+���:5; � ��� �"�;��
<  

  -:#: W
;�� ��	9�. �.� I�� D�@$��� ��� 
%$�! ���>���� 	'�#: �:C��� P9�. "#�'* 	� p �a� ���	
�� H�.��: �� T'� 
-���=�� C��� ;# -����$�. R�O/� >� ;# 
��''= )I��! 3 .(	
�� W
;�� 
���� ��-:� �: ���-���=�� p �a� :#: "��$ 
��''=

 

���� `��$�� "�?(#2  ;#5  	
��	���: H-���=�����L� -:� 
'��$ 13 	
�� -��� ;# 	
�����L� � �.��� ����� ��:�� �7#� ;# ?�$ �.�
	� 

����
� �x$ 	� .G�# -��\ G�:-:�7\ �� 	�7�# D�@'� I���& ��� ;# �0�Z `��$ �= 
*�'^� �;�� T'� �� p �a� �7#�

	
#�! 
������ ������� 	� )��8� :#�(# B'
?� F�� �� �?=�9 ������� ���A'��� 	� 	��$�� �: ;# ����L� FdZ �!�� �:#6$
) �.�� -�. ��:�� ����7#� �@
: ;# �0�Z U�LZ 
7� -���=�� `��$22 

���� `��$ .(22  ;# 	
��30  	
��	���:  
'��$�N�	�
� #;

 
������ 	� ����� � A'���m�a�$# GN! GL$#�� 
$#�#�( D
����� ��4  ���S� .��: ��� 

���� �7#� ��� 	� #�'m�a�$# GN!' 	�
 D
# �: ������ 	� ���� JK� �o�� R��$b G�(�� ��7: 	� :�
; I���Z#>��  M�$ ;#
�'
; ) G�# -:��9 .(JK�	
�� "��9�: ��L�

	
�� �� ��$��� ���
���@��  
������ 	� �����A'���  �� ��=�� �:'"� �?��7:' ��=�� �� 	L
�8� �:���. 	
�� ���-

'"� �?��7:'، -���=�� �����	
�� 
��''= ��� 
���@�� 
������ 	� ����� Ba����#A'��� 	
�� ;# R
 ��� .:�= C�%�# #� ���

 
���@��-:� �: ���. ���+�	
�� ��'� ����'�(�@$ �#�� r�8�� D
# -�''= -���=�� � -���=�����L� ) I��!3( 	L
�8� .	%�� ��'�

	
�� I�� D�@$��� U��# �� ���. ���	9�.��� �. Pa�� 
%$�!2/41 M9: "��� -��� �:-���=�� ،2/47M7:   �1/66 
MM106: 
�$��-��� �: ����� 	� ��� �#�� �.��� ���L� � �.��� ���	
�� JK� I��'= .�'�(��� v��� ��L	
�� -���=�� ���

 R�7����� ��L� ���S� �� Ba����#>�� )#�$# 	� 	$#�! >�L
�� ?
��� B
#?(# �!�� ��$���
�
#; ��� 
� .::�� �o�� C���
	�
� >�L�� �#��  � m\ md! B
#?(#����^'*  
$�E� -;#�$# �� `�� � JK��*  :�O
� �����:�#d� )2(.  C���-���=��
��''=2  �

:�O �* G9�: �:3 	9�. 	
�#; HI�N$ M�/��# �'$�� ����S�� �
�� I�Z D
# �� H�'�L� 	
�� G� ��� 
��
;�# �#�� 
 0# ��S�� �: H��
I�����\4  �z���$  �: "�����

\��= #: B8$ 	
��$�) �5.(  

?@7� �"�! ���� A
��&  

   M��+� �:��'�  R��$b18  ;# 	
��	
�� ��� ���
���@��  �: �� 

���� ��:�� �7#� 	� r E����'� 
� "�N/0# � `�=�.�� 
 �: 	=T'� C��� I��'= ;# -���.�$# -�. W
;�� �.�  ;#18  

���� `��$3  	
�� -:� �:���L�) -���=��MK2 HMS1HMS32 ( H5  	
��
 -:� �: -���=��(MS19, MS35, MS40, MS3, MS2) H4 "��� 	
��H-���=�� 7 �� 	
�� � �.�3 
 �9 	
���� �.��'�(�� �#��  I��!)

3.( ;# T'�  `��$ ��:�� �7#�
�'
;H 3  	
�� -���=�����L�)Z1HZ12  HZ8 	
�� R
 H( -���=��)Z8 � (��@
: )Z11( "���-���=�� 
-����$�. ��'� . ;# 	�	���: 
'��$  �7#� 	� r E�� "�:��$��|�#H  �:	���: )NS4 HNS3(  -:� �:���L��� � -���= R
	���: 

)NS2 ( "#�'* 	�"��� -���=��W
;��  �$�. I��!)3(. -���=�� C���	� -:#�$�9 �: D
# `��$ �o�� 
��''= G�#�� �o�� ��
d�6
�
� 
v���� 
����=�� - p�Ew'��|�# "�:��$'  � ?�$�9 � 
����=�����;��:�  �7#�'
�'
;'  ���� �_�#�.�� 
� )9 .(F_9�� 
 ":�� ���;��:�9>����� 
�'
; � 

���� �7#�H  ��/� ;# 
�a�
�6
����  	� `��$ 	� ��������� �7#� $#: 	�9�'.�$I�N �0�Z ���

 ;#.G�# :#;\ 
$��(# -:��  

 -12 �5� �� �� ��'���
B"  

   �: 	7�LO
 	9�. 
7�� �.� 	L
�8�60  �� ��=��	
�� �� Ba����# 	���: ���12 	
�� �� ��=�� :��$ Pa�� ���. ���
 	
�� G/� �� ��$��� >�� �: �: 
�6
� D
# D�@$���
���@�� -:� R
 �: A'��� 
������ 	� ����� D
����� �#�#: �
�! ��'�

C��� I��'=-���=�� �
 �.�	
�� JK� D
���= -6
� 	� � 
��''=
� ��L� .�'.��	
�� D
#	� �� H�.� I��'= C��� �����
 -�$������: )5/16 (NS4H )75/16 ( MS1) H24 (NS3) H86/27(Z12  ) H6/31(Z1 ) H6/33 (Z11 ) �5/37 ( MK2	
�� .�'�L� ��( ���

I��'= C��� �#�#:	� 	� G%L$ ������ �.�-���=�� 	
�� ���+� -�''=P22 HM9  �SUP4  I��!) �'�L�4�$ .(	+���� -:� ��'�

 

4- Selection verse           2- Dwarfism    3- Yield per tree       4- Biennial bearing  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

1.
15

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
7-

12
 ]

 

                            11 / 19

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.1.15.6
http://journal-irshs.ir/article-1-480-en.html


"#��O�� � ���.� 

128 

	
�� ���	9�. �.� I��'= C��� �x$ ;# ��� Ba����# 
���@�� ���	%�� �� :#: "��$ 	7�LO
 ���)�+$# ��'�	
�� -�. �: ��
�.� 
�6
� c�^9	9�. 
7�� I��!) �$�#: ���= ��%K$# 
%$�! ���3	9�. 
7�� �.� 	'��= .( D�� �: 	7�LO
 ���72  ��=��

$��� 	� �� )83/14 (MS1-GD � )67/18 (MS1-RD 
�$�� �: 
�6
� D
# 	'���� .G(�
 c�^�9# ���MS4  �.� ��103  �25/91 

�$�� �� ��=�� �: ����� 	� ���'"� �?��7:'  �':�?��7:'  ;# B�� 	= G�# -:��MM111 	9�. I�� D�@$��� 
���� .G�# ���

"� � >�� �� ��=�� �: 	7�LO
 ���+� ������. �� ?��7:)40 (P22H )65 (M9H )55 ( M7� �: )68( MM111 
�$��"��$ H��� -�'�:
-���=�� C��� �� 
8K'� B�� � >= �'
\�( R
 :�!� "�$\ 
��''=G�# 	
�� ��NX .P22  HM7 HSup4 HMM106 C��� I��'= �#�#:

	9�. ���� �.� 	7�LO
 ���':�?��7:' 
'E� F_�9# �� .�'�L� �#:	9�. I�� 	L
�8� ���>�� 	7�LO
 I��!) ��4:#: "��$ ( 
	9�. ���':�?��7:' 
'E� F_�9# ��	9�. ;# ���' � ��#: ���'"� �?��7:' 	
�� �� ��� Ba����# 
���@�� ���:�� 
�6
� .

	9�. I��"��$ ��� �: 	7�LO
 ��� "#?�� .G�# 	$o�� �.� "#?�� -�'�: 	� {�� G
�
�� � 

#d& ��#�* B8$ �� "�?(# H�.�
C��� G�� C�.-���=�� JK� � >�� �.� .:�#: �#�� 	
�� 
��''=	9�. �K� �: � :�� �#:��9�� ������ M�'� ;# 	7�LO
 ���15 

 .G(�� ��! p �a� -���	
����� MS22 HMS23  �MM106 �: �� ��=�� ':�?��7:' 	9�. �K� D
����� �#�#:�$:�� 	7�LO
 ��� 
 I��!)4(.  

  
 I��!3- 	%�� ��'�-���=�� C��� 
��''=	
�����  
���@����� �.� U��# �� 
7�� 	9�.��� 
%$�! ' �"�?��7:'.  

Table 3- Ranking clonal apple rootstocks for dwarfing based on lateral branch length of 'Golden Delicious' 
I�� 	'�#: 	9�.��  

Range of 
branches  length 

 (cm)  

	%�� 
�= ��'�	
��
�
�� ���  
Quantitative ranking of clonal rootstocks 

  


��''= -���=�� 
Dwarfism  

p
:� 

Row  

13-20 ZN8(20), MK2 and ZN12 (18.5), NS3(15.6), MS32*(15.6), ZN1(15), NS4 and MS1 (13.7)  
-���=�� ���L� 

Very dwarf 
1  

26-41 MS2(26.2), MS19(27.6), MS35 (28.7), ZN11 (29.8), MS3 (34), MS40 (41)  
-���=�� 

Dwarf 
2  

50-69 MSK4(69.25), MS18(36.9), MS9(62.5), NS2(64.4), MS4(55.3), ZN2(52) 
-���=�� "��� 

Semi- dwarf 
3  

70-80 MS23 and MS28 and MS23(77.9), MS20(76.2), MS6(75), MS10(74.3), MS30(70.4) 
�.��� 

Vigorous 
4  

81-90 MS8(90), MS17(85.2), MS22(81.5) 
�.��� ���L� 

Very vigorous 
5  

  

 ,��40 �-12 %�C��
�  

   �: D
#B��6�  
�
�� �.�>����$��� ��� ��  	
��M9  	� G%L$MM106  .�$:�� ����= -�@$��� �0#�( � -�� �#�#:
	�(�
 F_9�� ��� �'
;�=)١٤H(  
9����=�� ��$��� ���
'E� ��# p �a� ��#:�� -�@$��� I��	9�. ��� �'�.#�$ ���:
7�Z	= 

 	$��7�� 
�
�� �.�� F_�9# �� 	9�.
'E �#: :�!�G.#:
� 
�7�Z D�'X .D�
�� D� ��7: 	� �$#�� I�N$ ���2  �3  D
# �: 	7��
�.�� r�8��  I��!)4(. �8�
L	 I�� D�@$��� -��� �: -�@$���	
��"��� ��� D�� H-���=��MS18  C��/� -��� D
# 	
�� �@
: �


'E�
'E� F_�9# �� -�@$��� I�� D
����� .�. -����� �#:��=�� �: �#: �.��� 
 �9 -��� ��$��� ��� MS8-G  �MS22-R H
MS8-G  �MS22-R �.��� -��� �
 HMS23-R, MS22-G 	
�� �
�� �� 	L
�8� �:>� ���.�
:�� G%� 	%��  H
 = -�@$ R
 �:

 D�@$��� 	L
�8�B'O���� 13  �� -���=�� � -���=�����L� 	
��
�6
�  	� H-�@$��� I��?!Z11 
'E� F_�9# H 
7� ��$ -����� �#:
	
�� D�� �: ���-���=�����L� -���H 	
�� � -���=��"��� ���
'E� F_�9# -���=�� I��!) G.#: :�!� �#:3	
�� ��7�� .( ���

 
���@��
� r�8�� D
# �: I�'�|�# )�( ��'= �: -���=�� 	'��; �$#��B��6����  >�#�( #� ���= ��� Q���� �: ��7�� ����'(
C��� A'�|
���'( � 
���� 
��.��� )#�� 
���� .:��\���L� "��9�: p�Ew �.� -���=������� �
;  B'O����-:�����  
7� � "��:

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

1.
15

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
7-

12
 ]

 

                            12 / 19

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.1.15.6
http://journal-irshs.ir/article-1-480-en.html


 ��� �����	
�� ���  
�
�� ����� 	��� 
������ 	�... ��� 

129 

C#�������= Gx & :#: "��$I�� �LZ ��`��$ �: -�@$��� '� �?��7: ��|�#٥× ?��7: ��|�#:�٢'  JK����# R�$����=o��3  �:

 � 
7� :�� �' � -�@$��� `��$ ;# B�� -���= -�@$��� `��$ �� .�'�.#: B��= I� �� ����'� � 	����$ H
7� � -�#�
: ����
��=��

	9�. 
7�� �.� B��=���# R�$����=o�� �o�� �
:�8� ���Z BO�\ G(�� ;# ���o�� G%L$ 
7� G(�
 B��= ?�$ -�@$��� I�� �� 
�: :�� I� �� �'� �
7�Z"\ 
7� � -�#�
: � 	����$ ��o�� [�K� ;# m�X G(�� 	=;� 
?� � ?7� � ��4  �: .G.#: :�!� ���o��

-�@$��� �'$�� �?7� ���& 
E�%� ����'� ;# ������ [�K� �' � ��� H?=� � H;� 
?�;�'��5;�'��#�\ H6�''� H;7;��=o�� � H8  :�!�
) G.#:25.(  

 ,��40 �D13�! -12  

  
����  JK�Q�!���:
  :#: "��$F_9�� Q�!�� :���� :#�E� �� �/0 H3 	
�� 
���� �:H��  Q�!�� I�� .G�# "���$ �:
�8�
L	 	
�� �: Q�!�� I�� D
����� :#: "��$ Q�!�� I�� D�@$��� ���)05/15(MS9H )12/42(MS17) H65(MS6 H

)5/45(MS8  H)94/6(MS3 � ) �:67/51 (MS10-GD 
�$��G%� ��� �
:�� . ?! 	�D
#H �@$# :#�E� ����. G;# 	
�� �����  ���(
 Q�!�� �.� �
 � p�Ew ���L�:���$ 	=  D��"\��  �24  	
�� �@
:
'E� F_�9# �#:G.#: :�!� .��o� D
�� D�@$�� I�� Q�!��

	
�� 	� r E�� �MS6  � MS10-GD:��  I��!)4( . �:	
�� H
$#���7 ��� 
���@�� ����'� �$_'( C��� �'�(�� 	+��$ � 
���� H
-���=�� 
��''=MTT4  I:�E�M26 HMTT5  -;#�$# 	�MM106  ��Q�!���:
  � :�
;70-60 	
�� �0�:�O(�$��$\ ��d�  �MTT1 
 ��#��B9  :��)6.( R
�� C��/�� I�� � �K� ����� I���Z# �'
\�( �: -��@�� ���	|= "��$��#�9 ��qO�
� ?�$ �# 
9�� �� �$#��

 	 �! ;# ����S��Q�!���:
 ���� Q�!�� "#?�� D
���= � D
����� .�.��-���=�� �: 
�: -����
; D
��� �: ����� 	MK2  I:�E�
15/1 ��:MS1  ��#��15/0.�. G%�  

���13 ,��40-�4� �@"�� �  

   D
�����	$#�! :#�E�I�E( 
�
�� �H30/12  �14 H �: "��9�:':�?��7:'  �'"� �?��7:'  �: ��=���� ��	
 ���	���: MS6  �
MK4 ��=�� �
�� .G.#: :�!�	
�� �� ��$��� ��� ���	���: 
'��$ MS23 �MS4 ��  D�@$���	$#�! I�E( ���5/10  �5/11  G%�
 .�. 	$#�! :#�E� �:24  D�� H��=��':�?��7:'  �'"� �?��7:' ��$���  ��12 	
�� 	���:  
���@��MS3 MS4, MS8, MS9, 

MS10, MS17, MS18, MS19, MS20, MS23, MS28, MS30 
'E� F_�9#G.#: :�!� �#:  I��!)2( .	$#�! :#�E� ���
 �: 
�
��12  �� ��$��� ��=��':�?��7:'  ;# ���=	$#�! ���'"� �?��7:' v8( ���+� ������. �: :�� 	
�� M7 #D
  #� G�Ew�

 �: � G.#:5  �@
: ���. 	
��':�?��7:'  	� G%L$ ������ 	$#�! :#�E�>��  .�'�.#: ���� H	$#�! :#�E� D
��o��12  �18 v��� H
 	
��SUP4  �: 	�>��  .�. �87#	$#�! 	'��= �: 
�
�� I�E( ���>��  	'��= ;# ����� 	� ��$���1  �2  �� ��=�� �:MS35  �

 �� 	'����15  �20 �:MS6  	
�� �
�� � :��\ I��= 

���� `��$ ���17  �10 v��� MK2  -�_* 	�MK4 �� 20  �8  ��O�� 	$#�!
.�
:��  

����
� �� 6�#0�E � �'F�'  

   I��1394����:��=� �.� �^( ;�&\ �: H-:#: �#�� �� ���
�6
����  R'N� ��* � I�� H��� ��.� 	 Z�� H
�����:�;
I�N$ �� 	 Z�� �� �: .�'�(�� �#�� h � �
�. 	 �Z :��� 
�
��;\ {�� �: �8�L� "#�! ���F_9��  �: �: )��L� 	�E� B.��
 H{�� JK� �: G��$ ��7: 	� G(\ "��S� H	 �Z G*�� �-:����� ��� 
���$#��� ��X: ��C��L9  .�$�. ��! JK�� �
�a

��� �� :�� C��/�� ��$��� ��=�� 	� 	�L� 	= 	'��= ;#3 	� "��9�: R� 
9�� �: � �0�:  	'����99  �0�:���� ?�$ . D�@$���
C��L9 �� :#: "��$3/33  ;# �0�:��=����$��� ���  ;# ����o�� 	� (\G��� h �H 	'= 	L�7 �  �: ��# �$:#: "��$ :�9 ;#
��=�� ��� ��$��� U�LZ	
�� �: �� MS3  �MS4  ��40 �. -����� C��L9 �0�:  I��!)4(.  )�* C��L9 
9�� 	�

 

1- Gold Spur Delicious           2- Red Spur Delicius           3- Galacturonic acid           4- Xylose      5- Rhamnose       
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Table 4. Mean comparison of interaction effect of rootstock and scion on some vegetative characteristics of 'Red Delicious' and 'Golden Delicious'. 
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MS1 
GD 7.33 g-n 14.83 

m-p 1.57 a-h 0.33 c 1.08 f 2.27 l-o 3.33 f-
h 

 

MS18 
GD 7.67 f-n 59.67 a-

n 
1.70 a-g 0.00 c 0.00 f 7.00 b-j 16.67 

c-h 

RD 6.33 g-q 18.67 l-p 1.77 a-g 0.00 c 0.00 f 3.77 i-o 0.00 h  RD 8.00 f-m 69.40 a-l 1.70 a-g 0.00 c 0.00 f 9.00 a-f 0.00 h 

MS2 

GD 6.00 h-q 26.50 i-p 1.40 d-h 1.00 bc 3.25 f 3.70 i-o 10.00 
d-h 
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GD 10.00 d-j 27.67 h-

p 
1.43 c-h 0.67 c 7.50 f 4.83 e-n 8.33 e-
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RD 2.33 m-q 52.67 b-

o 1.33 e-h 0.00 c 0.00 f 8.00 a-i 6.67 e-
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RD 8.00 f-m 100.00 

a-c 2.00 a-f 0.00 c 0.00 f 9.00 a-f 30.00 
a-c 
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GD 11.00 d-h 17.00 
m-p 1.20 gh 3.00 ab 3.80 f 3.40 j-o 40.00 
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GD 7.00 g-o 73.00 a-j 1.53 b-h 0.33 c 20.33 c-

f 7.33 b-j 5.00 f-
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RD 10.67 d-i 68.00 a-l 1.23 f-h 2.00 bc 10.08 f 8.47 a-g 30.00 
a-c 

 
RD 9.33 e-k 84.50 a-

f 
1.57 a-h 1.00 bc 2.60 f 7.83 a-i 15.00 

c-h 

MS4 

GD 10.00 d-j 103.00 
ab 1.60 a-h 0.00 c 0.00 f 7.60 a-j 0.00 h  

MS22 
 

GD 4.67 j-q 78.25 a-

h 
1.40 d-h 0.00 c 0.00 f 7.67 a-j 1.67 gh 

RD 12.00 c-g 91.25 a-

d 1.10 gh 0.00 c 0.00 f 8.90 a-f 40.00 
a 

 
RD 5.00 i-q 60.00 a-

n 2.00 a-f 1.00 bc 
23.00 c-

f 

11.00 
ab 0.00 h 

MS6 

GD 15.00 a-d 68.30 a-l 2.00 a-f 1.00 bc 65.00 a 7.50 b-j 10.00 
d-h 

 

MS23 
 

GD 7.00 g-o 80.00 a-

g 
1.83 a-g 4.00 a 16.33 ef 8.67 a-f 6.67 e-

h 

RD 20.00 a 70.50 a-

k 2.00 a-f 2.00 bc 65.50 a 0.90 no 10.00 
d-h 

 
RD 5.00 i-q 85.00 a-

f 
2.10 a-e 0.50 c 

43.00 a-

c 

11.00 
ab 0.00 h 

MS8 

GD 2.00 n-q 45.60 d-

p 
2.20 a-c 3.00 ab 49.00 ab 9.70 a-d 0.00 h  

MS28 
 

GD 7.33 g-n 88.17 a-

f 
1.50 b-h 0.67 c 21.67 c-

f 7.67 a-j 3.33 f-
h 

RD 8.00 f-m 76.25 a-i 1.70 a-g 2.00 bc 
42.00 b-

d 7.10 b-j 20.00 
b-g 

 
RD 5.00 i-q 40.00 e-

p 1.50 b-h 0.00 c 0.00 f 4.00 h-o 0.00 h 

MS9 

GD 13.00 b-e 53.47 b-

o 
1.47 b-h 1.33 bc 23.33 c-

f 5.33 d-m 23.33 
b-e 

 

MS30 
 

GD 6.33 g-q 64.00 a-

n 
1.47 b-h 0.00 c 0.00 f 7.00 b-j 3.33 f-

h 

RD 1.17 pq 108.40 
a 1.63 a-h 1.00 bc 6.77 f 8.92 a-f 21.67 

b-f 

 
RD 10.00 d-j 40.50 d-

p 0.90 h 3.00 ab 6.20 f 2.50 k-o 0.00 h 

MS10 
GD 6.83 g-p 68.77 a-l 1.43 c-h 2.83 ab 51.67 ab 7.50 b-j 15.83 

c-h 

 

MS32 
 

GD 1.50 o-q 69.75 a-

k 
1.65 a-h 0.50 c 25.00 c-

f 8.00 a-i 0.00 h 

RD 2.50 m-q 73.00 a-j 1.40 d-h 0.00 c 0.00 f 6.75 b-j 10.00 
d-h 

 
RD 6.33 g-q 23.33 j-p 1.40 d-h 0.33 c 4.00 f 4.20 g-n 3.33 f-

h 

MS17 

GD 5.50 h-q 80.75 a-

f 
1.70 a-g 3.00 ab 43.95 a-

c 8.00 a-i 27.50 
a-d 

 

MS35 

GD 1.00 q 50.00 c-

p 
1.57 a-h 1.67 bc 7.33 f 6.93 b-j 6.67 e-

h 

RD 6.83 g-p 69.00 a-l 1.57 a-h 2.83 ab 
40.33 b-

d 6.83 b-j 16.67 
c-h 

 
RD 2.00 n-q 87.50 a-

f 
2.35 a 0.50 c 

24.00 c-

f 8.50 a-g 0.00 h 

Means with at least a commun letter have no significant difference at 5% probability level using Duncan’s Multiple Range Test. 
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Table 4. Continued. 

	
�� 
Rootstock 

]�$��� 
Scion 

 	$#�! :#�E�

�
�� 
No. of 

vegetative 

buds 

 I��
 	9�.
	7�LO
 

Annual 
shoot 

growth 

(cm) 

 I��
-�@$��� 

Internode 
length 

(mm) 

 :#�E�
Q�!�� 

Offshoot 
number 

 I��
Q�!�� 

Offshoot 
length 

(cm) 

 	9�. �K�
	7�LO
 

Annual 

shoot 
diameter 

(mm) 

 C��L9
G(\�� 

������ 
Insects 
disease 
damage 

( %) 

 

	
�� 
Rootstock 

]�$��� 
Scion 

 	$#�! :#�E�

�
�� 
No. of 

vegetative 

buds 

 I��
 	9�.
	7�LO
 

Annual 
shoot 

growth 

(cm) 

 I��
-�@$��� 

Internode 
length 

(mm) 

 :#�E�
Q�!�� 

Offshoot 
number 

 I��
Q�!�� 

Offshoot 
length 

(cm) 

 	9�. �K�
	7�LO
 

Annual 

shoot 
diameter 

(mm) 

 C��L9
G(\�� 

������ 
Insects 
disease 
damage 

( %) 

MS40 

GD 4.33 j-q 51.67 
c-o 

1.50 b-h 0.00 c 0.00 f 6.40 c-l 6.67 e-h  

NS4 

GD 8.67 e-l 13.83 
n-p 1.57 a-h 0.33 c 11.00 f 6.20 c-l 7.67 e-h 

RD 4.67 j-q 42.67 
d-p 1.57 a-h 0.33 c 4.00 f 4.83 e-n 0.00 h  

RD 8.33 f-l 4.17 op 2.23 ab 1.00 bc 6.60 f 4.67 f-n 8.33 e-h 

Z1 
 

GD 6.33 g-q 23.33 
j-p 

1.40 d-h 0.33 c 4.00 f 4.20 g-n 3.33 f-h  

MK2 

GD 17.33 a-c 28.33 
h-p 1.50 b-h 0.33 c 3.50 f 1.43 m-o 13.33 c-

h 

RD 2.00 n-q 40.00 
e-p 1.60 a-h 0.00 c 0.00 f 8.20 a-h 0.00 h  

RD 10.67 d-i 47.83 
d-p 1.50 b-h 2.00 bc 18.17 d-f 6.07 c-l 18.33 b-

h 

Z2 
 

GD 1.00 q 82.50 
a-f 

1.40 d-h 2.00 bc 25.50 c-f 10.20 a-c 0.00 h  

MK4 

GD 20.00 a 0.00 p 1.50 b-h 0.00 c 0.00 f 0.00 o 0.00 h 

RD 3.67 k-q 39.25 
e-p 1.70 a-g 0.67 c 7.92 f 5.83 d-l 3.67 f-h  

RD 8.00 f-m 74.00 
a-j 1.60 a-h 0.00 c 0.00 f 6.70 b-j 0.00 h 

Z5 

GD 12.00 c-g 0.00 p 2.20 a-c 0.00 c 0.00 f 8.00 a-i 0.00 h  

T1-S4 

GD 12.00 c-g 21.50 
k-p 1.50 b-h 0.00 c 0.00 f 8.20 a-h 10.00 d-

h 

RD 5.33 h-q 73.42 
a-j 2.20 a-c 1.67 bc 8.42 f 7.90 a-i 5.33 e-h  

RD 18.00 ab 59.50 
a-n 1.70 a-g 0.00 c 0.00 f 8.20 a-h 35.00 

ab 

Z8 
 

GD 3.50 l-q 37.75 
f-p 

1.45 b-h 0.00 c 4.25 f 5.40 d-m 3.50 f-h  

T2-P22 

GD 8.00 f-m 40.00 
e-p 1.53 b-h 0.00 c 0.00 f 8.20 a-h 10.00 d-

h 

RD 4.67 j-q 89.33 
a-e 2.17 a-d 1.00 bc 3.33 f 8.73 a-f 4.67 f-h  

RD 13.00 b-e 49.50 
c-p 1.50 b-h 0.00 c 0.00 f 7.90 a-i 0.00 h 

Z11 
 

GD 4.00 k-q 29.83 
g-p 

1.87 a-g 0.67 c 5.08 f 6.47 c-k 4.00 f-h  

T3-M9 

GD 5.00 i-q 65.00 
a-m 1.60 a-h 0.00 c 0.00 f 9.10 a-e 0.00 h 

RD 3.50 l-q 37.50 
f-p 1.40 d-h 0.00 c 0.00 f 8.15 a-h 0.00 h  

RD 12.00 c-g 15.50 
m-p 1.50 b-h 0.00 c 0.00 f 7.40 b-j 10.00 d-

h 

Z12 
 

GD 17.33 a-c 28.33 
h-p 

1.50 b-h 0.33 c 3.50 f 1.43 m-o 13.33 c-

h 

 

T4-
MM106 

GD 6.00 h-q 40.00 
e-p 1.70 a-g 0.00 c 0.00 f 9.10 a-e 0.00 h 

RD 3.50 l-q 27.40 
h-p 1.45 b-h 0.50 c 

37.50 b-

e 7.25 b-j 3.50 f-h  
RD 15.00 a-d 45.00 

d-p 1.80 a-g 0.00 c 0.00 f 11.90 a 0.00 h 

NS2 
 

GD 6.67 g-q 59.70 
a-n 

1.53 b-h 1.67 bc 21.65 c-f 7.83 a-i 6.67 e-h  

T5-
MM111 

GD 3.00 l-q 68.00 
a-l 2.00 a-f 1.00 bc 3.50 f 9.40 a-d 0.00 h 

RD 8.00 f-m 27.50 
h-p 1.30 f-h 0.00 c 0.00 f 7.37 b-j 8.00 e-h  

RD 14.00 b-e 65.00 
a-m 2.00 a-f 0.00 c 0.00 f 9.30 a-d 0.00 h 

NS3 
 

GD 4.00 k-q 20.00 
k-p 

1.50 b-h 0.00 c 0.00 f 0.00 o 4.00 f-h  

T6-M7 

GD 10.00 d-j 55.00 
b-n 2.20 a-c 0.00 c 0.00 f 8.30 a-h 10.00 d-

h 

RD 17.33 a-c 28.33 
h-p 1.50 b-h 0.33 c 3.50 f 1.43 m-o 13.33 c-

h 

 
RD 1.00 q 106.00 

a 2.10 a-e 0.00 c 0.00 f 10.30 a-c 0.00 h 

Means with at least a commun letter have no significant difference at 5% probability level using Duncan’s Multiple Range Test. 
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Fig. 1. Cluster analysis dendrogram attained from growth traits and rootstocks distribution based on dwarfism. 
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Research article 

  

The Effects of Apple Clonal Crown Rot Tolerant Rootstocks Series on the 

Growth Control of Scion Cultivars 
  

F. Rashidi, H. Hajnajari*, M. Mirabdulbaghi, E. Ghorbani and M. Pirkhezei1 

 
 

 The 2- and 3-year-old of 60 apple combinations of 'Golden Delicious' and 'Red Delicious' on-
to promising clonal rootstocks tolerant to crown rot series along with 6 common clonal root-
stocks were assessed for dwarfing potential. Branch length and number, internode length, active 
vegetative buds, annual shoots growth and diameter, sapling height, growth habit, root-sucker 
number and length per sapling, diametric values of rootstock, graft point and scion as well as 
pest/disease damages were assessed. The modified dwarfism ranking method was achieved in 5 
groups, based the length of lateral branches per sapling. So, the rootstock series were ranked in 
very dwarfing (8 hybrids), dwarfing (6 hybrids), mid dwarfing (6 hybrids), vigorous (7 hybrids) 
and very vigorous (3 hybrids). The three categories of very-dwarfing, dwarfing and mid- dwarf-
ing had the least shaded area compared to controls as the worldwide dwarfest ones. ANOVA and 
mean comparisons by Dunken test of the growth traits particularly lateral branches length and 
number, sapling height and annual branch length of the two scion cultivars was achieved related 
to M7 combinations. The trial was compiled within RCBD. 
Keywords: Apple, Clonal rootstocks, Dwarfism, Crown rot, Scion-rootstock combination, 
Growth traits. 
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Professor in Date Palm and Tropical Fruits Research Center, Horticultural Science Research Institute, Agricul-
tural Research, Education and Extention Organization (AREEO), Karaj, Iran, respectively. 
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