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In vitro screening of some apple rootstocks for resistance to phytophthora root 

rot  
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��� �  !"#$ % !&�� '( �)�#)*� '+�*
#� ,�	
*- .��/ 0� #1,�	
*- ��	
 % 2 ��  �� 3*
 �#*� 2	)4�� , �

�
  2	�� 5	67 .!7#+ ,�	
 �� 9*6:/ .�  ;	<7  �  =�> �?*�%%  ,	>3*
 2	)4�� ��#@A !&�� % !"#$ �  �

 �	<�  , �- .B
C� '�%� � �6)
 ,�	
*- !&*� 2%��  '-	���  % ��%	6�!�	� �  ,� �D/ ,	> 3*
�%� 	-  2%��

 !&*��#- .!7#
7��#@A ,	> �  3*
 2	)4�� !"#$ % E	4 F�G ��H
�,�%A  2	*� �  % �?*- !� �� !
 ���#@A !7#
7

Phytophthora cactorum  !
*7 �&G I*:� �� 'J	K)4 �7�� ,�	
 ��. ,�	
*- 2#��A '( �	6� % L��" !?�

,�	
*-'� � !� �� 	> �#*� ,%�  '-M+ N�	7 ,	>�� ;	<7  .��%	6� '-	���  !�	� '��	4 ,	>M9 �M26 �MM106 �

*/#7OPQ�RJ  S� �A '�#- ,	>P�&� '(	-�� % 2	P�� T� %PU 0J	V ���W*> �   ��&� '(	-�� '"M/ ×M9 ,�
 	- !G 

;	7 ,	>H1  	/H5  ;	<7  �7  ��� YZ&���. *+![>	 ')�	- �&G ,	>!7 � 	- ,	> ;�T+ !- ��#@A ,�	
*- 0�	1 \�	"

�!�	� !&*� 2%�� I� �� �% ��� '7� ��	?4	� ,%� �%�]7 ���&*�  �  ^� 	>18 �� ��	� �%�����+ ,� ��- . �-

U�	)7 N	
  Q*/#7OH5   .*`7	*� 	-65/23 '�*��)� N	?V �%�]7 �#$ .��/%H1   .*`7	*� 	-32/5 '�*� �)��#$ 

�%�]7 -! 2 #T1;%	6� .��/ Q*/#7O !-P. cactorum '(	
	T� �7�� .  

���2
 ���3�� :Phytophthora cactorum ���	- �&G �!�	�3*
 ,	>��	?4	� �%�]7 �. 
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�!�"!  

 ')4�� 3*
(Malus domestica) V	?� �%�V �� ')266,790 �	)]> G ��� !-  � 2 ��  �� �&% �� �  !G

 ��	D� ,�*@#/1,651,839 ./  hC
 .�  � '� �� ��-�#�.(Anonymous, 2014)  	-  �#K:� .�  �*
>  !- !�#/

!�	� % ;	"�  dMJ  , �- ;% �� �M/ �� �#&G 2 � �e	- ��#&G ���T)?> 3*
 ,	> .!�	� !( �  	- ��TTG �	/#G	� ,	>

% i	- �� 2	)4�� �G �/ S� j�  2	]�  3*
 �
  ��� �> �� �j*7	]� '1 �� L	*�
1 .kD� �  ']�P �	G % �&G LM

!�	� .� 2A �*
	?V �	>,�	
*- '4�- !- 	>'� !"#$ % !&�� ,	>��	-� !�	� dMJ  .� �-	T- �  2	T[
> 3
	T� ,	>

�	*7 2 ��%	&G ,	>'� l#?:��#�. $ '( �)�#)*� '+�*
#� ,�	
*-P)4�� !&�� % !"#P '�	7 3*
 2	+ � P!7# ,	>

�)Z�Pm \�	"Phytophthora  ��� � �
  2	�� % 2 ��  �� 2	)4�� .�  � %� 0� #1 .��/  �#W
G �E	4 .*`T
 ��	-

@A � #�P*-A �)?*
 % E	4 �� 'P��� �  '-	"�e ,�	&/ 0� #1 .��/P?:� ,�	
*- .�  ��TTG ���P'� l#�7#� 

(Nakova, 2010; Judelson and Blanco, 2005). -!  �)�#)*� �>	W� 0*@�\�	" !- 	>L�� �	>- ,�	�� ,	> ! 2 #T1

'� !)4	T� \�	"- '@% �� !\�	" �  2#TG  �> ��D)� 0�n�- ,���� ,%�7	��� �� % ��� oRT� 	> ! ;	7

Stramenopila  !4	� %Oomycota !)��+ � �"�7  (Patterson and Sogin, 1992) .  

!7#+   �)�#)*� �  '/%	R)� ,	>; �7  �- 3*
 !&�� % '( #> ,	> !,�	
*- 0�	1 2 #T1���  ��  ��7  . !7#+ %�

 �> !- o��j7P. syringae  %P. cactorum '� 3*
 2	)4�� !&�� % !"#$ '+�*
#� p1	-�7#� .�G ,�	
*- .�  �/

�	�7 ,%�'� ���� 2 #� ,	>�#� . ��� !T*�- ,	�� !7#+ %� , �-P. syringae  %P. cactorum  3*/�/ !-20  %25 

')7	
 !����
  � �+ . �4� ��)?+ q�7 '+�#@A % !7#+ , �-P. syringae  !C- � �� �  #> 'D
</ ,	�� 	- ^]1

@	V ��P' 7#+ , �- !GP !  �`��*6)?� !C- � .�P�
  � (Sewell and Wilson, 1964) .6*6:/ ��P ��n�A �� '

 �	*@ �)
  !7#+P. cambivora  T1 !-P 2 #�	1P$ '+�*
#� 0P&�� % !"#P)4�� !P 2	*
P��j 
P"� 3*
 !@	P �

�PD� 2	/	7	P+ '��P���� .*-A �)?*
P- i	- .�  �� ,�	 !JPC" L�#P��- , P@% ��#P ��%� o� '$ �� �	V .�  	- '

4-2 @	
P)4�� !Ps� 2	PDt �	P+ � %� % mP �7����(Bumbieris and Wicks, 1980) .6*6:/ ��P I
#/ !G '

*
>P .+P<7  �%�P ;	�P �(Bumbieris et al., 1982) +P7#P! ,	>P. cryptogea �P. megasperma �P. cactorum % 

P. cambivora *- 3*/�/ !-PS� .��/P7 % �Pe	- ��  � 'PT)� � 3*
 L	P@	V �� �P' GP7#+ !P! ,	>P. cambivora �

P. cryptogea  %P. megasperma S*- 3*/�/ !-NM*+ L	e	- ��  � '7 % �� .��/ �7� � 2	&7 . �+!s ��� .��/

!7#+ L	e	- �  !G ,  2	
 �4 % F�G 3*
 ��#@A !7#+ �
  ���  ��P. cactorum  �����+ �Gu) �2 �	]
> % ,�%�


1389 ��	*� � % ,��<)
� w1389(  2 �	]
> % ,��	" '@%)1388( !7#+P. citricola  3@	e !7#+ 2 #T1 !-  �

,�	
*-� �#K:� .�  L	e	- ��  ����G 2 #T1 �
V  ��#- % !�#�*]�G 2	)
  ��7 .  

!WT� �  ,�	
*- .�  !D@	C� 	*7� �� 'D*
% hC
 �� �"� % !�	� ��%	6� ,	> ��� ;	<7 �
 . �� j+ N	
  �- 

 ^G	]��%)Wilcox, 1992( !�	� ,	>M4 �M9  %Ottawa-3 - !'� !)4	T� ;%	6� 2 #T1'@	V �� �7#� !G !�	�,	> 

M2 �M7  %MM112 �7�#- ��%	6� �  'C
#)� d#C
 , � � .!�	� ,	>M25 �M26 �MM103 �MM104 �

MM106 �MM107 �MM109 �MM110 �MM111 �MM113  %MM115  N	?V y	)W?7 ,�	
*- .�  0-	6� ��

�T)?> .!�	� =�V 	- 2	)?�`7  zT*@	� �	`)?�  I
#/ ��� '��D� ,	>M !�	� % �	`)?�  ,�	]
> 	- y �D- !G '(	>

� jG�� % zT*@	 John Inns��D� =%�V 	- �7�� 'MM �G�7�� ,� �+ .  

 �> �7#*� 0:� ,n	- !- �
  .]
� !�	� 	� % ;	"�  .*- �� ��%	6� d#C
 !- !�#/ 	- '( �)�#)*� '+�*
#�

!�	� !- �%�:� I6� 	� �-	� !D
#/�#� 	> .- ! ��	�� !7#+ �+  �%M1P. syringae ; �7  !- y	DC" ��	-,	>  '( #>

'� 3*
A j*7 2	)4���7� .�>	W� !- !�#/ 	- !7#+ %� ']�O#@#��#� ,	>P. syringae  %P. cactorum � �#�% �	
)V 

 !7#+P. syringae �
  �	�� �	*?- �#&G L	e	- �� . .*
> !7#+3*
 ,%� '&V% ,	>(crab apples)  % 	� ,%�

'-M+�� �]7	� '1#7 2	)?@	�7 �� '>��+ �	V �� ,	> .��Ts �#$ !- z7� �	*
 !)��%')7	
�)�  E	4 hC
 ,n	-

'� �	<� �TG  (Pscheidt and Ocamb, 2015) �
%�	-	- (Babadoost, 1988) !*J#/ �� ��)TG , �- 'T� ,	>

!�	� �- �%M1 ,�	
*-�
  ���G !*J#/ j*7  � ;%	6� ;	"�  �;%	6� ,	> .'�	"�   0{�Lodi �Grimes golden  %Dutches 
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- ! 2 #T1 ;	"� ��� ���- ;	7 N	?V '�*4�7  .!�	�0{� '�	"�  ��- �  !G ,��- ,	> McIntosh �Rome Beauy �

Jonathan  %Golden delicious - !'� �
���� �� j+ ;%	6� y	)W?7 �T�A�7  .;	"�  Melba �Winesap �Wealthy  %

Red delicious - !��� �� j+ ;%	6� ;	"�  2 #T1�7 � 	T- .� �-!�	� ,%� ;%	6� ;	"�  �7#*�> � .��)�- ;%	6� ,	> �	]

 ,�	
*- .�  ��)TG �
  ��� 2 #T1(Babadoost, 1988) . 

 zT*@	� �	`)?�  �� !G '/	6*6:/ 2	)?�`7  ,�	
*- !- 2A ��%	6� 	- !�	� ��� 	6@  L��" !G � � 2	&7 �� ;	<7 

 �+�	
*- �  '�	7 !"#$ % !&�� '+�*
#�P. cactorum �� � ^]1 !C- � . !�	�M9  ��TTG �	/#G	� !
> �  S*- !G

!�	� % �
  0{� ��TTG �	/#G !
*7 ,	>M7 �M26  %MM106 !�	� '@% �T)?> ,�	
*- !- '-#4 ��%	6� , � � '(	>

 E�7#*� !-  � ,�	�� ��� L��" !G)�"� ('� 	6@  0{� �7��GM25 �MM104  %MM109  .�  !- '(n	- �*
	?V

 ,�	
*-'� 2	&7�7� � .'�	`T> ^G	G �"� !G )(Cox !�	� ,%� ,	>MM104 �� ��� �7#*�  !G '7	�� 	- !?�	6� ��

 !�	� ,%�M9 �4� �	- �&> 	/ UT� �7�� ��� �7#*�|�j- ,	>�7��G �	<�  �/ . }#7 !G �� YZ&� 9*6:/ .�  ��

,�	
*- 0�	1 !- �"� �*
	?V ,%� !�	� , �P. syringae ,�*~�/ �� �7 (Sewell and Wilson, 1973). R)
 P �  ��	

T�P�	- �&G ,�%	P���  , �- �P"�  '-	P!�	� % ;	K:� ,	>P)Z� Ln#P)*� !- m�P)�#P� �	G  �P��P�?*7 ,� .

T�P-�	G ��	- �&G ,�%	P���� ,	>PJ  �� ,�	P*+ dMP7  !- 2	>	P
*- } #P,�	�� � 	> (van den Bulk, 1991). 

T�P&G ,�%	P�	- �)V �Pe , �- 'P"�  �	-�PST/ !- ;	 �> ,�#� 0{� ��7� �*e ,	>" % ��	R)
  ��#�P�
  ��� H .

(Pérez-demente and Gómez-candenas, 2012) .�� j+,	> ��� �&)T� )(EL-Kazzaz and Ashour, 2004; 

Toyoda et al., 1991; Lindermann and Davis, 2007; Kurtz, 1988; Rosati et al., 1991; Helgeson et al., 

1972; Huang et al., 2005;)!7#
7 �-�	G �  , P*+ ��	- �&G ��PC
 '-	���  , �- '>	P6� d#P 2	>	*+ �� ��%	

'��T�	- . ^�#�� % 2	���T*@)2007(  0-	6� !C67 %� �� ;#��7 �#�
  2#*?7	�
#
 	-  � �&G I*:� ,%	V =%��

!�	� �&G I*:� =%�� 2%�� �>��G '7��7 .![>	*+ ,%� ,�	
*- �(M1 �	�s N	*6� 	-  � ')�	- �&G ,	>

 �+�	
*- !-  � '�`T� m�)Z� 2	)4�� STG % !<*)7 �� % �W~ ')
?"P. ramorum �7��G .**D/ .!7#
7 ��#@A ,	>

!&*� 04 �2A �   �)�#)*� % !)��+ � �" '-	Z)7  !
*7 �&G I*:� ,%� �- ')�	- �&G ,	>����+  �� 	> .�- �  '4

2A ��	- �  �+�	
*- ��@	
 �>	� �e�*�1 NM*+ 0{� 2	)4�� 	-  ��  ;	"�  �  '4�- 0{� �`�� '4�- '@% ����+  �� 	>

2A �   �)�#)*� �,�	
*- �(M1 .)� � �#�%�&7  �� 	> .�&G I*:� } #7  ,%� �+�	
*- ��� ��� S�	��A ')�	- ,	>

�#
7. ��� ,�	
*- .� dMJ  �� S@	s .��/ !�	�'� l#?:� �#&G �� 3*
 ,	>���+ .S*- '��D� ,	> !�	� �/

�T)?> N	?V ,�	
*- .�  !- ��TTG �	/#G 	� ��� . ��- % �	�7 !*�/ % L	6*6:/ !?
#� �� '�KR� L	6*6:/ .� �-	T-

!�	� dMJ  , �-'� ;	<7  ,�	
*- .�  !- �#�#� ,	>�#� .!�	� �	-�e ;	<7  ,	)
 � �� 9*6:/ .� ,	>  ,���W*>

���- ;	7 !?
#� '7	We	- '/	6*6:/ SZ- �� ��� �*@#/  ;	<7 �� .  

  

:�	 � ��$!��  

;#<�8$#8 �	�= ��$>= ��� ���<�	�#�� ?!�@ ����   

!7#
7 '>	*+ ��#@A ,	>�	
 j*�	� I
 %  �� 	� % �	�- 0� %  �� 3*
 2	)4�� !"#$ = �$  E	4 % ,	>1391  %

1392  � �	`)?�  6:/ ,	>.*]&� '7	We	- L	6* �	
G % �	-A ���  ��- % �	�7 !*�/ % dMJ  L	6*6:/ !?
�� !- !)?- %

H
� F�G = �$  �� ,�%A�7�� .!7#
7 ,� �6� � �
> !- ��#@A 3*
 2	)4�� !&�� % !"#$ 0:� �  '>	*+ ��#@A ,	>

!7#
7 % E	4 9
1 �  E	4 ,	>2  	/10 ')7	
!?*G �� % �7�� !)� ��- ,�)� 	/ % 06)T� �	`&�	��A !- '7#��	7 ,	>

 ,	�� �� ��	R)
  2	��4 ')7	
 !���!`7 � �+�7�� ,� � .  

  

 �
 A�0! ��)�����< ���� ���8 �	$! ��	�#�� ?!�@ ���� 

�&G I*:�o*/#*- ')7A ,%	V '-	Z)7  !
*7 ,	> .*?��	
*� )�*
 #@� (10 '�*�  �P)*@ �P- ;�+ ��� �PT-�	G �10 

'�*�@ �- ;�+�)*  �PCNB )2jT-%�)*7%��G 	)T� (130 '�*� �)*@ �- ;�+ .*?*��	R�� %10 '�*� �)*@ �- ;�+  I*P:� ��
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 �	+A L�u ��A !�	��#- .2A �   !G '�	�')7A N	?V �#7 !- .*?��	
*� o*/#*-�
 �  o)P&/  ,�P)� ,	P>    .P�  ,%	PV

')7A ��`7 ']��	/ �� o*/#*-�� ,� .'�	
/ ')7A-o*/#*-- 	>  �  �D-�&G I*:� %MG#/   ,	P�� 	/ 2A 2�� oT4 %

50  	/60 ')7	
 !��� !�	t  � �+�7����+. ���!� �� ,� ��`7 % ��� , �- '�#
1 �&G I*:� .��/   �)�#P)*� ,	>

�#- �	+A U�#> lA �&G I*:� . !*�/ , �-I*:� .�  �50 '�*�U�#> lA �)*@  � !- �<V 1000 '�*�  % ��7	P
� �)*@

 2�%j�  �  ^�15 ��+ %MG#/  ��	+A ;�+�� . I*:� .�  ��o)&/ ,�P)� ,	> %  !P@#@     �  ^P� % !P)Z�� S�	P��A ,	P>

%MG#/  ���+ � �" ��	R)
  ��#�.  �	+A lA �&G I*:�3 %o)&/ �� ,	>9 ')7	
   2��PG !P?�� E#P7 , �- ,�)�  %

Y@	4-,�	
 !� �����+ � �" ��	R)
  ��#� 	> ) ��	�� 1371(.  

  

��<�%&$%�& ����� 

'�*� UT� os#G L	DC" ,�)� � !7#
7'>	*+ ��#@A ,	>  % ����- �,��� lA 	- #&)?� �  ^� �#�:� 	-

 ���
 ����G#�*>10 �t !6*"� UT� L�� !- �J�� ':C
 '7#R1�7����+ . ^�
 �C6� lA 	- '@ #)� �	- !


 #&)?� 2%�)
 % �� ��&G I*:� !- 06)T� '-	Z)7  !
*7 ,	>�7�� .o)&/&G ,	> I� �� �� ��� �� � �

 ,	�� % ']��	/25 ')7	
 !��� L�� !- � �+10-7  ,� ��`7 �%��7�� . !
*7 �&G I*:� �- �%M1 ,�	
 �� , �-

�&G I*:� �  �'-	Z)7 3*
 0{� '�#
1 ,	>)?G� 'T*��P �	+A �%�(PDA)  �	+A L�u ��A %(CMA)  �"	� !G

')7Ao*/#*-�t ,	>  ��	R)
  j*7 �7�#- 's�	"����+ . , �- E	4 �  ,�	
 ��!�/ �%� �  ,� �+ I
#/ 2	>	*+

 0{� ,��D)� % 3*
 �#*� % '`7�� L#/ N�	7 �#*� '`7�� !�#+ N�	7 �#*�) ��	�� 1371( �� ��	R)
 .   

  

 C�' �	�D@ ��)�)leachate water(  ���� ��>$��G8�	$H��I$   

, �- !*�/ ��	K1 .�  �15 ;�+ E	4 �]- !G '>	*+ �� 2A �&G ��&7 -�# �� , #> �	/  o&4  % �P���+   2A !P-

1000 '�*��)*@ lA �C6� ��%j�  �� .^�
 - !L�� �	�s �1	
 ,%� �	`)
� 5#�Z� .G '?*$	T�� � �"  !P)��+ % 

-!L�� o� �%� !7	W� �� ,	�� �	/  � �" �� � �� % �%� �D- ��	K1  � 	-  �PTs  !P�n  !Ps�	�  E�	P7  =	PJ % ��  ,�PC- 

!&*�,  2%�� �	[Z� �� ,� ��`7 =�K� 2	�� 	/ ) ��	�� 1371(. !� �� �&G % �  ^�   ,%�  �)�#P)*� !*WP� ,	>

�&G I*:��7����+ '>��7 �#�
  !- � � % �E	4 ��	K1 �  ��	R)
  	- �'�#
1 ,	> .�&G �  '/	DC" !P)R> o� ,	>-

o)&/ 2%�� !-  � ,  ,	>S� 2%�)
 ')7	
!$#e E	4 ��	K1 �� % 06)T� ,�)�% ��7�� . o)P&/    �#P7 �P�� �� 	P>

 !�J	� �� �T
�#��30 ')7	
  L�P� !- �	`&�	��A ,#]
 ,%� ,�)�48-24    �PT)��+ � �P" �1	P
 )  ��	P�� 1371( .

!� ��;#��7 �#�
  % ��� Y@	4 ,	>�	��  ��� dMJ  �*�G �  ��	R)
  	- � � )1371( �7�� '(	
	T� !7#+ hC
 	/.  

  

J>�'���� . �	��)K8�L���7� � ����<��%&$%�& ���  

Y@	4!� �� ,�	
 - ,	>- ! �%� �  ��	R)
  	-  �)�#)*� ���A �
� !?�� E#7 2��G���  '
&s %� �n#G#T*-

o)&/ ,%�lA ,	> - �	+A3 % ;	<7 �� .!@#@ !-  � ��� �	V �� m*> E#7�&G I*:� ,%	V l�#� ,	> ,	>

 ,	�� �� % ��#
7 06)T� '�#
125 ��`7 ']��	/ �� !����7�� ,�  .!� �� L�� '7n#$ ,� ��`7 �#�T� !- ,	>

%  �)�#)*� , �- '
��- ;	<7 '+��% �RV ��� '� �� '� �	6)7  �  �D7	
� .*T[
> % ,�D- ,	> ,	> �Z��

')?�� % '
	T� �  �=%�� '[*� l�� �C6� lA ,%	V  2%�)
)'/�	G o� =%��(  j*7 %!@#@ ,%	V S�	��A ,	>

3*� �&G I*:�� � 
 ����+ ��	R) . �� % �	/  ,	�� I� �� ��  �)�#)*� !T+�� L	DC" ,%	V �C6� lA =%��

!@#@ % ']��	/ ,	�� �� l�#� ,	>25-20  !���')7	
 � �+ 2%���7�� ,� ��`7 �#/	-#]7 .  
  

���! ��� ��)�  

�*{]/   �)�#)*��- ,%� �%� ;�T+ � ��	
�#- ,�~#� % !�	� , �- !G![>	*+ '7�	>  I*P:� ��   �P&GQL   �	*P?-

 3
	T��� �� � Y*Z&/ .!7 � ��#�T� .�  , �-   !P@#@ lA 	P- #P&)?� �  ^�  � ;�T+ ,	>  !P&*� 2%�� �'P&G  ,	P>
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 }	R/�  !- '(	-��5/1-1 ')7	
 ,	�� �� % !)Z�� �)�121  !P���  ')7	P
  � �P+  �	P&� %psi 15    L�P� !P-20   !P6*"�

�� � �]/ j*7 �D- �%� ��  � �	G .�  % ���G 2%�)
) .2%�)
2#*
 j*@ �T/ �%� !- ,�	
 .( �=%�� 2�� oT4 �  ^�

DC" !
 	� %�P� ��	D� 'T�G �  !P�� �	V �� % 2 #P!7 � !-  � �  PT+ 2%�)P
 ,	>P   ,	P�� �� % ��%jP�  ;�25   !P���

')7	
� �+ �7�� ,� ��`7 .  

  

�	�#�� �$!�=����< �L����   

,�	
*- !?�	6� , �- 'W?7 '( �!� �� 	> o� 	-2#��A , �- !� �� o� l	Z)7  % �`�� �;	"�  ��%	6� '-	���  ,	>

,�	
*- 2#��A�#*� ,%� '( � -�� ;	<7  '-M+ N�	7 ,	> ..�  �#*� ,%� 2#��A �V % Q*/#7O o� �  '-M+ jW
 ,	>

�� ;	<7  .!
  �#*��� !)��+ ��7 �� !� �� �> , �- '-M+ .	R)
  	- q �#
 �	�s '@  !
 ; �G �> ,%� l#s �  ��

 �C" !- .G q �#
 !WT�7 '�*��� �	<�  �)� .!)R> o� �&G �  ,%	?� L	DC" ,   �)�#)*� !WT� l#s �  ��	R)
  	-

 �C" !- .G q �#
5 '�*��T)��+ � �" �#*� ,%� ��� �	<�  q �#
 �� ; �G �> % !*�/ �)� .!�	� 0:� � #7 o� 	- '7�

�� ��*7	�#� =	R� 3?s .'-M+�	� ,	>!!?*G 2%�� !� �� �> o*]R/ !- ��� '7�o� ']*)
M� ,	>  =�K� �	-

���+ � �" !?*G �> 2%�� ^*4 !WT� o� % !)��+ � �" .!?*G ,	�� �� 	>24 ')7	
 !��� �� � � �" ']��	/ �� � �+

�7�� .�� ��	�,� ��-�� ;	<7  �D- �%� !
 	> .  	- q �#
 �> = �$  �%�]7 �C" �#�T� .�  , �-I4 �  ��	R)
 SG

�� �7 �� ,�*+ .'-M+ ������+ ��	R)
  \�	" �"	� �&G I*:� �  �>	� ,	> ) ��	�� 1371( .  

  

��	M��$83 ��������� 

!�	�,	> MM106 �M26 �M9 �Q*/#7O '�#- ,	>   jP*7 % ��P&� '�	-�� % 2	�RJ  S� �A> �P��W*  0PJ	V ,	P>  � 

'"M/M9   % ��&� '�	-��	- ,�
 ;	7,	> H1 �H2 �H3 �H4 %H5  ) ��	]P&/A  ��P&7 �P&)T� �� j+ (   �P&G �%� 	P-

 �*{]/ ��	-�7�� . �� � #� .�    ��P- % �	P�7 !*�/ % dMJ  L	6*6:/ !?
#� �� H" % '7	We	- L	6*6:/ SZ- 2	)?@	�7

2#*?]�G !1�j� �� 3*
 ,	>400   'P� ,� �P�`7 ��� �	
G L	6*6:/ �	`)?�  % ,�	)]> �7�P� .  HP
� , �P- ,�%A


7!7# �	>!4	��
 �	�- 0K� �	eA ��   !)
�#7 ,	>  ���    !P7 #� oP/ L	PDC" !- �	`&�	��A  �*P?6/  ^�P
 �  	P-2 %� lA 

 #&)?� ���
 ����G#�*> �#�:� �� %1 %-! L��10 �t !6*"�  ':C
 '7#R1�7�� .!7#
7 �:/ ��� o&4 ,	>

�&G I*:� !- 2%�)
 I� ��  ,	P>MS Murashige and Skoog, 1962)(   	P�QL (Quoirin and Lepovire, 1977) 

 06)T��7����+. 
)V  !G ,�� #� ��P!7#
7 2�� ��#@A �	\�	" 	- 	>   P*:� �� ��#P- �	P�� �*�%��	
 ,	>P �P&G I  	P>

\�	" 2 j*� !- ��� �T-�	G SG10 '�*��� ��	R)
  �)*@ �� ;�+. �	� o�  ^�� �6)
  �  !*@%  � !P7#
7j��   ,	P>  �P*{]/

	DC" !-  � ��� m�)Z� L % �*?6/> ��	/ �&G I*:� !- ; �G � 06)T�%  ,�#7 ��%� 	- ��� �	/  ��16    ��#P7 �1	P


8 �� �	<�  ']��	/ �1	
�  �*R
 �T
�#�� Q�n 	- �� ,�%� !7	W� ,	��24 ')7	
 !��� !`7 � �+ �7�� ,� �.   

  

N7
�� ������� ��� ��  ��%&$%�&  

!�	���	?4	� '7�� 	- ')�	- �&G ,	>3Z)T� !� � P. cactorum  !&*� 2%�� I� �� �� ;	<7 �� . �> ,	� ��

m*> ,%	V !G ;�T+ ��1 o� ��@	
 ��	?4	��� �� � � �" �#-  �)�#)*� ���G ��� ,	> .!&*�!�	� ,	> �� ��� '7�

 ,	��25 !��� ')7	
� �+  !)R> o� �  �D- % �T)��+ � �" ']��	/ ���#$ ��	?4	� ,%� �%�]7�W~ 	> ����+ . �%M1

�#$ �- ��	?4	� ,%� �%�]7 j*7 !4	� 0G �#$ �	>�� �7  �J�� �0G �#$ ,%� �%�]7 �#$ �*?6/ 	- % ��� ,�*+

- ��	?4	� �> �%�]7 !��A �
� .�� S�	��A .�   ��>	&� UT� % � �]/ !
 	- '��	K/ M�	G d�$ 3@	")!4	� ( �> ��

 � �]/)!&*� (, �- �"� �> Q*/#7O 	�   �� ����+. !�j</ 0*�:/ % �� �� �#
7 �
� % 	>	> �  ��	R)
  	- � j�  ;�7 ,	>

�	�A ,SAS % Excel .*`7	*� % ;	<7 !T� � �Ts 2#��A �%� N	
  �- 	>�7�� !?�	6� .]7 � ,  . �%�]7 �J�� �RJ

�� � ,�	�A 0*�:/ % !�j</ 2A �  �D- % ��� �	��7 ,��� 0��W/ 9��$ �   �)-  ;	<7  	>��.  
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 O��%8  

 ������< �L���7� ��	�#�� ?!�@  

 � �?*-  !7#
73*
 2	)4�� !&�� @A E	4 %P
� ��#PH�	`)?�  �  ��� ,�%A�	
G '/	6*6:/ ,	> % ���

.*`&� !� �� !
 �F�G �	-AP. cactorum  - ! ��A �
�) �%��1 .(��� .��/�	*D� , �- ��	R)
  ��#� ,	> .**D/

� �  �7�#- L�	W1 !7#+�#�
  0*]&/ �,��� !T*�- ,	�� �0*�	� �� �7  �;#��7 �#�
  0] �&G I*:� �� '?T� ,	>

 2#+%%  % ,���)7A �j*�A �#:7 %) ��	�� 1371 .(!7#
7 �  '�	>\�	" ^T� ,	>Pythium �Fusarium �

Macrophomina  \�	" ,� �D/ % ,�	
 �� j*7 �`�� !)4	T�	7 ,	>�7�� . �&G I*:��	+A U�#> lA  .��)�-

 �*{]/ , �- I*:� �)�#)*�/ 	>�� �� � Y*Z& .  

  

 �%��1- !� �� ,	>  �)�#)*�- ! ���A �
� �  !&�� % !"#$% ��#@A 3*
 2	)4�� E	4  ���	`)?�  �	
G���   
Table 1. Phytophthora isolates obtained from infected crown and root apple trees and soil in 

Kamalshahr Station 

!7#
7   

 Sample  

��� �� � Y*Z&/ !� �A  

Recognized taxon  

!� �� �G  

Isolate Code  

 E	4)'`7�� !�#+ !
D$(  Soil (tomato bait)  P. cactorum  PO56  

!"#$  Crown   P. cactorum  PO66  

 E	4)'`7�� L#/ !
D$(  Soil (strawberry bait)  P. cactorum  PO67  

 

�	�#�� �$!�=�L��  

,�	
*- L��" !?�	6� !G � � 2	&7 '� �!� �� ,	>E	4 |�j- �%�]7�#*� ,%� ,�/ �7��G �	<�  N�	7 ,	>

) �%��2( . !� ��PO66 ��	- �  y	
*6)?� % !"#$ �  !G , �- �#- ���  �� '>	*+ ��#@A ,	>� � �*@#/ !�	� ��#�

���+ � �" ��	R)
  .  
 
 

 �%��2- .*`7	*� !?�	6�  �%�]7 �C"�  I
#/ ��� �	<!� �� m�)Z� ,	>  �)�#)*��#*� ,%� N�	7 '-M+  
Table 2. Mean necrosis diameter induced by different isolates of Phytophthora on unriped pear fruits 
 

 

  

  

���� N7
������< �� ��P. cactorum  

!�	� '&�%� �*{]/ �&G I*:� �  ��	R)
  	- 3*
 ,	>MS � �]/ �#�% 	-6� 	- ��D)� ,	>P m�)Z� ���	

2#��#>�*6�#� 	>�#W7 j*�A . �&G I*:� �  .� �-	T-QL ����+ ��	R)
  .]7 �J�� ^7	�� % !�j</P �� �%�

��	?4	��&G ,	> !�	� '&�%� ��	- .*- !G � � 2	&7 3*
 ,	>�	�!m�)Z� ,	> 'TD� =M)4 hC
 �� � � 

 �	
)V �J�� o� �� � �#�% ) �%��3.( !?�	6� .*`7	*� �J�� ��#@A �  ^� �%�]7![>	*+ ,�	
 �&G ,	>

 ')�	-	- !7 �;�T+ ,	> !- ��#@A  !� ��PO660) 0]�1(  !G � � 2	&7 �%�]7 �#$ �RJ ��7 � ���W*> H5  	-

 .*`7	*�65/23 '�*�S*- �)�.��/  ���W*> % H1  .*`7	*� 	-32/5 �G �%�]7 �#$ .��/�7� � 2	&7  � .�   �J�� ��7

!� �� 

Isolates  

�%�]7 �C" .*`7	*� 

Mean necrosis diameter (mm) 

PO56  22.0±9.39 

PO66  15.5± 3.24 

PO67  22.0±5.07 
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 Q*/#7O j*7 �%�]7 H5  .*`7	*� 	-11/79 �J�� S*-Q*/#7O % .��/H1   .*`7	*� 	-52/21�J�� �G �J�� .��/

  � �%�]7�T)� � ) �%��4.( G !�j</ U�	)7 �)
M) 0]�2 ( � � 2	&7 '-	���  ��#� L	RJ N	
  �-"�  !GP % ;	

OQ*/#7 � �" �%�+ !
 �� 	>�T)��+ . �%�+�%  )A(  0�	�Q*/#7O % ;	"� ,	> ���+ � �A S� �A ��	
� ���W*> �2	&� 

 o�(H1)+ � �A '(	-�� �P��� �2	&� M9  %M26 �7�#- .+ .� P�G �%��]7 �#$ % �%�]7 �J�� .��/  � �%�T)� �  %

'�2A 2 #/ 2 #T1 !-  � 	>!�	� ,	>;%	6� '��D� �G�. ;%� �%�+ �� )B(� ���W*>,	>  %� ��	
�)H2 ( !
 %)H3 ( � �"

�T)� �  ;	"�  2 #T1 !- !G !
*7;%	6� �7�� '(	
	T�  ;#
 �%�+ �� %)C ( ��	
� ���W*>5 (H5) �MM106  %

 �	�s ��	
� ���W*>(H4)  � �"�T)� � G 2 #T1 !- !!�	� ,	> N	?V'-	���  �7��.   

  

  

  

 0]�1 - ��	?4	�')�	- �&G ,	> !�	�!�	� 3*
 ,	>��� '7� !7 � 	- ;�T+ ,	>!- ��#@A !� �� \�	" P. cactorum  

Fig. 1. In  - vitro shoots of apple rootstocks inoculated with wheat grains colonozide by  

P. cactorum isolate 

 

 �%��3- �%�]7 �J�� ^7	�� % !�j</ �� !�	�,	>  3*
!�	�	- ��� '7� P. cactorum  
Table 3. Analysis of variance of percentage of necrosis induced on apple rootstocks inoculated with  
 P. cactorum 

�%�]7 �J�� 

Percentage of 

necrosis  

,� �A !���    

df .  

 �**�/ H-	T�L S.O.V  

3.15** 9  �"�   Cultivar  

1.06  70   '&�	��A ,	C4 Error  

24.08  -   L �**�/ 3��t �J�� CV%  

** :'TD� �	
)V  hC
 �� ,� �1% **: significant at 1% level of probability.                                                                                     .  
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 �%��4-  �%�]7 �J�� % �%�]7 �#$ .*`7	*� !?�	6�)0G !- �%�]7 �#$( !�	� �� ,	>!�	� 3*
 	- ��� '7�P.cactorum  
Table 4. Mean Comparison of necrosis length and necrosis percentage (necrosis length to total length) 
 induced on apple rootstocks inoculated with P. cactorum  

.*`7	*� !-	&� =%�V 	- 	>'TD� =M)4  �"	� .]7 � !T� � �Ts 2#��A N	
  �- �2#)
 �> �� �	
)V  hC
 �� � �1 %�T)?>.  

Means with similar letters in each column are not significantly different at 1% level of probability, according to 

Duncan's multiple range test. 

 

 

  

0]� 3- �)
MG !�j</ !�	�	- �%�]7 �J�� % �%�]7 �#$ L	RJ N	
  �- 3*
 ,	>   �%� �  ��	R)
UPGMA  !W
	:� %

'
�*�"  !�J	� �%�<�  
Fig. 3. Cluster analysis of apple rootstocks based on length and percentage of necrosis using UPGMA and squared 

Euclidean distance  

Group A: Resistant rootstocks                                                                                                    !�	�� ,	>0
:)  :A �%�+ 

Group B: Moderately resistant rootstocks                                                                                :!�	� !
*7 ,	>;%	6� B �%�+ 

Group C: Susceptible rootstocks                                                                                                   :!�	�N	?V ,	> C �%�+  

 

!�	�	>3*
 ,  
Apple rootstocks 

�%�]7 �#$ .*`7	*�   
Necrosis length (mm) 

�%�]7 �J�� .*`7	*�  
Necrosis percentage  

Azayesh OP 12.30 bcd 36.42 bcd  

H4 18.99 ab 67.24 ab 

H1 5.31 d 21.52 d 

H5 23.65 a 79.11 a 

H3 15.90 abc 49.11 abcd 

M26 8.13 cd 35.42 bcd 

M9 9.62 bcd 34.09 bcd 

Morabbai OP 6.37 cd 28.13 cd 

MM106 16.85 abc 67.55 ab 

H2 15.35 abcd 60.61 abc  

A 

B 

C 
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o� 	- �%�]7 �J�� % �%�]7 �#$ �!4	� �#$ L	RJ '`)?W
>  !?�	6� 2#
�*� '`)?W
> 2#��A �  ��	R)
  	- �`��

 �7��)�%�� 5( .�%�]7 �J�� 	- !4	� �#$ 'TD� '`)?W
>� � 2	&7 ,� ��  �%�]7 �J�� % �%�]7 �#$ 	�   #P$ 	P- �

'TD� 5	W/�  !4	� ,� ��T)� �7� =�J .� �-	T- ��	?4	� �#$ �  ��7    '-#P4 �	P*D� �%�]7 �#$ �&G I*:� 2%��

��	?4	� % �
  ,�	
*- '-	���  , �-#G !s 	>�- ,�*~�/ ��T�- !s % �T�	- �	/ �� �7 �%�]7 �#$ .  
 

 �%��5-  3� �t'`)?W
>  .*-!4	� �#$�  �#$ �%�]7�%�]7 �J�� %  
Table 5. Correlation coefficients between shoot length, necrosis length and necrosis percentage. 

�%�]7 �#$  
Necrosis length 

!4	� �#$  
shoot length 

    

- - !4	� �#$   shoot length  

-  0.17ns  
�%�]7 �#$   Necrosis length  

0.94** -0.07ns 
�%�]7 �J��   Necrosis percentage  

**: 'TD�� � �J�� o� �	
)V  hC
 �� �:ns  ;�1 =M)4 'TD�� �.   
**: Significiant at 1% probability level, ns  : Not significant. 

 

P0�  

���&*� �e�*�1 ,	> ���A �
� !-�	
 ���)?*
 �#W�- 	- 5	W/�  �� �*4  ,	>!�	� ��	G % ,�	*-A ,	> ,	>

*- �,�	
*- !- ;%	6� 3*
 ����S@	s �  ']� 2	T[
> 3*
 !"#$ % !&�� '( �)�#)*� '+�*
#� ,�	
 �� ��� ,	>

e	- L	!7 �'� l#?:� 3*
 !�
� �  � ��#� . .�  !�
V �  3*
 2 #� 2	)4�� !G �#- .�  �- �#K/ !)��+��

 L �>	&� '@% �T)?> 2	�  �� �+�	
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