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Detection of Phytoplasma in insects collected in witches´ broom affected lime groves  
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)��JK)��JK)��JK)��JK        

   ������ ���* ���/��LM NO���<          '�P� �� Q, 	R�1S .�&L � .�/���- T����    �P
+   US�P92 

     )�"D 	����9* Q, VW�D (�9
 �)��-,  7�! .     � �U�>?/ Y�! 	�Z [�
    ��� )�9J2  !�"# 	���   ���,

        0� ������ Y�! 0� $&12 .�/���- ���O�� (! )�*       	2 Q, 	-��&#! Y��W�D 	����9* ��\92  �*�� .   YP�! 0P�

]�PPP� ^PPP�&B2 ]�PPP_� �� ��PPP\92  ��PPP
�` � ���'�PPP� (! )�PPP9J2  !�PPP"#   )��PPP-, ��PPP
   

Q�&�!  +�
  Q�:2�
  � Q�2�8  0�  0����  ��/  )�"# ��� ���   ���, * �D� .0�   � 	����� ��\92  

**   Q���% (! 	"B�      (!��* )�C"D!� 0� )�* 0a!�! ]�! )�D��CD �*�! 	��9*��Z 02�D .  0P� b���2  !��1&<!

c���� 	��< deW V?2 (! U�>?/ Y�! 7�! )�* Y�2�/ 	��9*.  
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 ��I

���  !�"# Q�� �� ���$%�&�� 	����9*  .�� (! )�* ���,PCR 0P�#�2 ��   �!  :�-�PD, gFP� � 

RFLP        �* )��@&�! )�* ��hJ/ 0ReW [�!�/ Y��R/ �� .           0PZ �!� Q�P"D 	P���� Y�! i��&D �, Qj .Q! . �!

	2�(�1�� S kl ����$%�&��- 3���� �� )!��
 �.�/��T�4D( Q�� ��   ��
Hishimonus phycitis � 

Recilia schmidtgeni�  Idioscopus clypealis     �P1Z�2 V�PL% �) Diaphorina citri (   	��P��� VP��W 

7�! . T�4D(H. phycitis V�L% � D.citri )�9J2  !�"# ��9/    �P��- Q�P&M�� (! 0PZ �D��� �!   .�P/

   )��-, US�92���  �D�* +��, .	����   U�W� ��
    �&�� ��!���% ��R� �/   ���P�$%  )�P* 	��P��� �� !� 

 T�4D( Q��H. phycitis V�L% � .citri D ���D ���o/ . (! 7�LW     )�P* �!(, p!:P� � 	PW!:� ��PO ���

 T�4D(H. phycitis ��9W ]��?2 q� 0� �, Qj (! 	&�LW.Q!. 	2�(�1�� �! Skl  �� ��P�:2 Qj �� 0Z 

���� 	����� ��� 0�1* .�/���- T���� ����$%�&��.  

)j!�)j!�)j!�)j!�    �8 +�
�8 +�
�8 +�
�8 +�
����+�+�+�+� : : : :�����������$%�&���$%�&���$%�&���$%�&����VW�D VW�D VW�D VW�D ����3�4D( 3�4D( 3�4D( 3�4D( ����p!:� p!:� p!:� p!:� ����- - - - ������������    .�/.�/.�/.�/        

        

02�>202�>202�>202�>2        

��Y�-�! .�/���- T���� ����]�� �� ���  kstl �� � Q�&LK��� � Q�&L�� Q�&�! (! 	>S�92 

 gF������Z���-  u�9�2 ���� ��
Q!��� � 7�! )�* )�
�"2 Q�:2�
 Q�&�! ��  . Y�! 0� 	��-,

N
 ������ .�/���- Q�&M�� Q�9Z! )Citrus aurantifolia(7���� v�9�8 �  :�D !� Q�2�Z Q�&�! �� 

�- US�92 ���� � 0&�� !��	2 ����/  �* 0� :�D !� ���Z��  �9Z)Salehi et al. 1997, 2000, 2002 .(

��L�
 ��"Z �� (! Q!��! (! V1W ������ Y�!0 ) !��2! � Q��< )�?&2 ���<( ��� )�* .�!: 

)Garnier et al. 1991 .(���- Q�&M�� �� )�$< Q�9Z�/ Y���*���- Q�&M�� 	R�1S 	��-, .�/ 

)C. limetta, C. limettiodes(	�!�J� �  !��2! �� ) C. reticulata( �� .�!: �&�Z  �* �� Q!��! 

7�! )�*) Salehi et al. 2004, El Shereiqi & Gassouma 1997, Djavaheri & Rahimian, 2004.(  

���- T���� ������ 7M�� 0� 7M�� ���� .�&L  q� ���� ���2 �� !� ��W Yw .�/

)�"# ]�R� VW�D  �!�� �!2�<! V�� Y�+���	2 x�e2 Q,  �(�� .A*�8  �Q�9Z�/ 0&�� 6�4D! ��
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 ���

������ �C�� (! ����L� �9D�2  )�"D ������ Y�! V2�< VW�D 	����9* 0� �492 	����$%�&�� ��


7�! .����� y��42 (!  T�4D( �0&��  ��5 +�
Hishimonus phycitis-� 0� ��� V� V2�< ���

0� �Q, Q�� �� ������ D Q!�9<7�! )�* .�!: ������ 	-��&#! VW�. US�92 �� T�4D( Y�! ���� 

7�! )�* ���o/ Q, Q�� �� ���$%�&�� 	����� :�D � Q!��! )��-, )(Bové et al. 1993, 2000 . Y�! ��

.$/ 0�
 ���$%�&�� ]�>&D! 7�� )�* 6�4D! ��
� �� )!��
 +�- 3���� +�����.�/�� Y�! z��/ 

	� Q�9Z�/ T�4D( �&D 7�! )��� 04)Bové et al. 1993, 2000, Salehi et al. 2000.(  

! [�
�>?/ Y�D U����  !�"# ����� : - +��O�� (! )�* +��,���  �\D (! )��-, US�92 .�/

� �� ��D, b�1/�!�- 3���� +���$%�&�7�! .�/��. 

  

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

k{ ���  !�"# 	����9* � ���,  

��� ��\92 Y'�� (! �9�2 |��-, ��
7���� � u�(�� ��� 0� � �2, V�< 0� ��)�"# ��/ 0� � +�

- Q�&M�� +�� (!�^�< � .�/�� ���  !�"# '�� ^8 +�
 �D�* +��, .0D��D  �� +�!���kk 

)�2 �S�� � 7��D ]�� �� �!��M �/ �9@�! +�
 +�
}� � }s .�* 6�4D!.���  !�"#   (! )�* ���,

 )��-, .�/���- Q�&M�� �� �!�>&�! (! g%]��D ��� N-�� .�/���- ��
� )�!� ]�>&D! )�C"��2(, 0� 

�D�*.(! �� !�"# Y���   ���,3�4D( )�* E@/ �
� ~�* 	����9* ��D.(!  '�� - +�
���  .�/

D c��� Q�&�! N-��� 3�4D( :Hishimonus phycitis� (! +��< ���� ���$%�&  )�!� .���% � +��,

�*.  

�{� �192 �0D�B� �� +���  

�� 7����� 0D�B� +�
  (! �+!�- ]��D ~�% .�/��� �� )�* �D�� (! )��-, 0M�* ~� ~

- 7M���� 0� $&12 .�/��� �����K 0>e92 �� 3���� +���)��Q�&LK��� � Q�&L ( �192 Q!�9< 0�

�* )��@&�! ���-,.  

s{ �� v!�B&�!.Q!. !�"# Q�� (! VZ �! � �)�  
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 ��`

R/ +!���� ���� Y�+� Q!�>� �.Q!.� +!��&���$%	����  !�"# ��   ��D, (! �)�* +��,

+�.Q!.�* v!�B&�! V8 +! .+� v!�B&�! 7��.Q!.D �  !�"# (! +!� (! :�.�� (! Q�
� Q�/ � 

 Q!��J�
)Tanne et al. 2001(�* )��@&�! .�� .Q!.�! Q�� (! )�2, 7��� � � )�"# ~� (! �k/�  6�

 ��1� ���� �&�-��J�2 ���� ) TEk�2 ���2 ���/ �� �gk2 � ���2 �� EDTA ��} pH=( V#  (! �

Q,�� A98!�  4D( +�
�)� �% +!� (!��)Polymerase chain reaction(�* )��@&�! .   

�{{{{ hE/��� �    A98!� 4D( +�
�)� �% +!�(!��        

�(!��
�(�O, �2��<  P7/P1) Schneider et al. 1995 (  ]�! 0�#�2 ��PCR +�
�(�O, (!� 

�2��<  R16F2n/R16R2/R16F2n R16R2 ) Lee et al. 1993 ( �fU5/rU3) Lorenz et al. 1995 ( �

�>/ �(�O,��1 " �5�_&M!WB3 )1995 Zreik et al. (�! Qj [�!�/ �� �9&12.Q!.� +!� �2�(�1Skl 

��- 3���� +���$%�&��� � �9K � .�/�� +���$%�&� 6�� 0�#�2 �� �C)(NestedPCR 7�� 

hE/�+� �.Q!.� +!�%�&���$	�� )��@&�! ���2 ��� . Q�2(,PCR ���"9Z!� �� ��V2�* ��&�-��J�2  

� /� ���2 	��2 dNTPs ��/k	��2   ���2MgCl2 ��/� ��(�O, �
 (! ���2��J�2 �2 �-��E� �&DNA 

template �  l/� N�:D, �#!� Taq DNA polymerase) � 78�*�Qj�9 ( �� �&�-��J�2 X PCR buffer 

10 * 6�4D!� .A98!� 4D( +�
�)� �% +!� �S ]�! 0�#�2 (!��s� �/�!�# 02�D�� �� � 0M�K � ~

W�� +�2� �� 0>ºC ��) �� W�]�! 0M�K �� 0>( ��W� �  +�2� �� 0>ºC�� � sW� � +�2� �� 0>ºCt� 

)k�W� �� �� 0>��M, VE (�* 6�4D! .! ]�_?2� 71LD 0� 0�#�2 Yk:���&�! �e>2 u, �� �W� V� U

��� � ��2 ~�-��E�! (! �&�+� Q!�9< 0� 7W� Y.Q!.W +!!:�! �� � d-�� �/�!�# 02�D�� � A98!� 

�)�* ��6�� 0�#�2 ��   PCR �* )��� ��Z 0�. �!�>2 � �/ k�2 �-��E�! ]�_?2 (! �&�A98!� Y  �� �


 (��, ]j� ���� �� � �5�� ~TBX× k�D� (! g% � �* (�����&E-!  2,�/! ]��?2 �� +:��� 6�

2���� �)�/�2 �2 �� 6���E�- ���u, �& (�/ gE< Q, (!��* 0 )Lee et al. 1994.(  

�{ .�/���- T���� ����$%�&��  	����9*  

��1��>/ �(�O, (! .�/���- T���� ����$%�&�� 	����9* ��\92 0� 	5�_&M! WB3�  

 ��
:�-�D,PCR-RFLP�, Qj (! 	&�LW [�!�/ Y��R/� .Q!.� +!� �2�(�1Skl�@&�! �* )� . ��\92 0�
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 ���

���9*	�W� �� U�- 3���� +���$%�&���  Q�9\2 3�4D( Q�� �� .�/H. phycitis    

)Bove et al. 1993(O US�92 (! N-�� 3�4D( +�!�R/ ����� c��� Q�&�! �� )��-, � �� +��,� � �

hE/ (! g%�]��D +�� �� � - N-�� +�
���  +�� �.�/�- ]��D ~�� 0� )��-, .�/��� +��� 3����

�D�* �
� .������ +��8�4D( � 1S (! )�* +��,�\D 7R� 3�4D( �H.phycitis �!�W ����� ���2 

�9&�� .  

 .�� ��RFLP:D, (! �N  +�
HinfI� HhaI,�  HpaII � RsaI � AluI 78�* V�R-!��&�� U1S 

 ��D, )�D(��)Rosch (�* )��@&�!) Lee et al., 1998.(   ��_?2  RFLP(���, ]j �� �/� � �5�� 

��!�2 ��+  ��	�% ]j   ��2, V��Z!��5�� �D�* (�����&E-!  . (! )�2, 7��� ��
�C-! 0L��>2 ��

 ����$%�&�� �
�* 0D��D (! )�2, 7��� ��
�C-! �� �� ���92 �� ����2 ��
�C-! �� .�� Y�!

! �.�/���- T������ Y����9* ���$%�&	��* .  

! 6�� 0�#�2 ]�_?2 ((nested PCR)  PCR �!�� 6�4D!0D�L�
   �(��) cloning(  Y�P�R/ gF� � 

  �* )��@&�! [�!�/ .    	�!��Z A�!:�! �!���     �M�K Y��M,PCR)    �� ��!��CDt�  0P���   &D�P� ��!�C (

  �2 0���7��� 02!�! 0>�W� . 0D�L�
    (! )��@&P�! �P� �(��InsT/AClone PCR Product Cloning Kit 

(Fermentas ) 7��  ��5 .0ReW    �P�$% ��!� �P\D ���P2 � �pTZ57R/T    3�P* .�� 0P� � �P* 

  +�&8�� 0� �/�!�# E.coli   �* )�!� ]�>&D!  .    ��$% v!�B&�! 0� 6!�W! +�&8�� 7"8 (! g%�8�/�D � P� d

�* .!� ��$% Y�R/ 7�� ���   Qj��8�P2 78�P* 0P� �\D ���2 0ReW [�!�/ Y )www.macrogen.com (

�* ]���!.   

l{0R-�e2  ���$%�&�� ��>� N-�� )�� (! 0�H�/ (! �R� Q�9\2  !�"# Q�� ��  

��� +��8�4D( ��\92 Y�! 0� �$2�8 +��O�� (! )�* +��,]��D +�� )��-,  - +�
� � .�/��

�D�* )�!� ]�>&D! N-�� AD!��% . Q�2(, �� ^�&B2 �D�2( V5!�� �� ��8�4D( Y�! gF�nested PCR 

�D�* �����.  

� Q�2(, ���+�C !�"#  N-�� H.phycitis !�* ��� 0D�B� z]��D ��� ���- ��
 .�/  .���%

hE/ �� ���9&�� .T�4D( �-�� ��
hE/ �)�* � �2 0� s(��  ]��D ���  |��-, ��
-���  �� �W!� .�/
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 ���

(� ��.�%�� ~�D�* )�!� �!�W  .gF�T�4D( Y�! 0�
   N-�� ]��D q� 0� �
-� V>&92 .�/��

 ^�&B2 +�
(�� �S � �D�*�0 	���_/ ��S Q, (! �
0D��D   ��!��� �����7��  ���� 

 ���$%�&���D�* �����.  

t{����$%�&�� 	����� V2�< �O � �� 7�LW �� .�/���- T���� � T�4D( 	W!:� H. phycitis        

 ! ���     �* )�!� )(��! !�&�! Q�2(, Y  T�4D( �/  ����&#!     )��-, )T�4D(  )��-,   �P��      (! )�P* +��,

   )��-, $2�8 Q�&M���D( �H�/ 3�4� 0PD�B� �� )�* )��-, +��-��D (! )��8 0 (  ���P#k  (! )�P2  ]�P�D 

N-�� - �.�/��  �9Z 0�H�/  .   (! gF�    	W!:� ��O � �� 7�LW)            �P� 7�PLW (! Q�P* !�P� (! gP% (

T�4D( Y�! (! ��!�R/ �
+�  .Q! .�� v!�B&�! V8 +!� �� � �PCR�* )��� ��8 0� +, 0�#�2��  .  

}{  ��H�/ .�� (! )��@&�! p!:� �� ���$%�&�� 	����� �!�� 	<�9_23�4D( �
  

T�4D( (! 	�R� ���2 �� p!:� �� ���$%�&�� 	����� �!�� 	<�9_2 0�H�/ (! )��@&�!  ��


'�� |��-,  .�� �� U��e2 .�/���- ��
Q�/ Q!��J�
 � (Tanne et al. 2001)�* 6�4D!  . ��Z Y�! �!��

 ]��?2 q� !�&�!����� �� (��Z�� �5��  TE�* 0��/  .D�N	&D�� q� �/   Y���% 7�LW (! �&2

2�/��E�u�  +�
�/k2 ��� -��� +�&� )��* . ���# gF���� VM!� ��9W ]��?2 (! �&�-��J�2 

+���* )��"Z N���!��% 0�� q� Q, ��� � 0&B�� 0-�- .�%�� �� ����2  .g%Y&L� (!  

.�%�� � 	
�C"��2(, �� 	R�1S |��-,  !�"#���� VW!�# (�� H�/ �0� N-�� )�� (!  0 ��!�@D! ��S

 � ~�8 0��D�* Q, ��!� 0-�- (�� ���&D! 7�LW (! ��/!��F�, . ��!�>2 �� 	���&D! 7�LW Y�! gF�

�* ���L2 019% .0-�- 	>�! ��e�  �
  �2 0� s �/ t�� (�� �D�* )�!� �!�W ��D V��>2 .  

7���� v!�B&�! .Q!.�!�0�H�/ ]��?2 )�D���W��  � �! [���9%! 0-�- q� 0�/�	��2   ��&�-

2  �2 0� � V>&9�� �� 0>�W�  gk�����* j�@��&D��  . V2�Z ��e� Y�"D�� 0�#�2 Y�! (! �R�

[H#0/ 0� �   �!�>2 Y�"Dk� �&�-��J�2 ��� �/� � ]�2�D �� v!�B&�! ���� �&�-��J�2 TSE) k 

g��/ ���2  ���	��2  ���2 EDTA �}=pH �5�� q� � SDS (=!  �2 0� � 0��k� �� 0>�W� l� 

 0���&D��� �!�C�* )�!� �!�W .0� 0-�-  ���&?2 �* )�( N�� N\92 ��S .gF� 0� !� Y ���# ]��?2

l� �&�-��J�2 )N4# �� (�� d* q�  �2 0� � 0��=! ��� ]�D�%��%�:�!+�2�  ��{ 0��� 
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 ���

&D��� �!�C�* ��!��CD .gF��� .Q!. j�@��&D�� �� ]��?2 �� ����2 �! �� Q��Zgk���� u��� 

�* )�!�  .u���V5�#  �� ]�D�/! t��* q"M � 0&L* �5��  .u��� Y�! 0� ) 0Z� d�O!� )�

��D �*(s�2 �-��E��&  TE+� Q!�9R� Q, (! � 0��=! .Q!. Q�2(, �� d-�W +!nested PCR�* )��@&�! .  

�{1S ]�>&D! ����� �� �R�- 3���� +���$%�&�.�/��:  

 ���  !�"#  �* +��,  '�� (! )    � 0� )��-, +�
�   3���� +��� !�* ���    0PD�B� z >&PL2�  +�� ���

]��D     - +�H� � N-�� +�
���  �D�* �
� .�/ .9��
�  ( �!�R/ Y�    3�P4D( +��H.Phycitis  �P��   +��,

   - +��O�� (! )�*�  $< �� .�/���        N-�� � )��-, ]��D �� +�� �� 3���� N-� .�/�� �� �W!�(� �� ~

.�%��    �D�P* �
� 3�&"2 .      �P�� +�P�8�4D( (! +�!�PR/     ! (! )�P* +��, P�   D �P�O�� Y P�   +�� �P� :  

0/�� ( �� �W!� AD!��% +�
� ���� �
� .�%�� ~��.  

4�&D4�&D4�&D4�&D0000   

k{ ���  !�"# 	����9* � ���,  

T�4D( �hZ! �
 +���  (! )�* ���,+��O�����-   |�!�D�M (! .�/Cicadellidae�D���  . ��� (!

���- Q�&M��  z>� .�/ T�4D(H.  phycitis ��� �* +��,.  �� ]��ks}� Y�! :� 0� 3�4D( ��
 

�2��D 7�� 0� u�9�2 Q�&���* .�/���- Q�&M�� (! ��C�� )�9J2 |�"# 0D� . ]�� V�!�! �� �2!

ks}sV�L% 7�, ���* 6�4
    �1Z�2 )Diaphorina citri (  .�/���- Q�&M�� ��� 0>e92�2 u�9

�* )�
�"2 . T�4D(H.phycitis 0�! :��- Q�&M�� +�� ( .�/����
 ^�< ��� (! )�  '�� ^Z ��


��� �"D ���, ./��5 ���0E^�< ��� (! ���- Q�&M�� �� )�$<  �1Z�2 V�L%   :�D '�� ^Z ��


��� ��,�* �. 9��
� Y'�� ��  ��
�� 7�� T�4D(H. phycitis z>�(! +�� Q�&M�� - � .�/��

��� �� +��,��)  ]����.(  

  !�"# )�$< 0�(! )�9E2^�< ���  '�� ^Z ��
 .�/���- )��-, ��
) 2!� y�D (! �/��<� �09

� 0��^�< )� '�2 (�
 (D ��- ���42 Q�&M�� +�� (! :�.�/��  )��-, +�
���  	����9* � ���,

�D�*.! � YT�4D( (! ��1-�O  !�"#  	�� ��
(Cicadellidae) � � y�D (! +���R20/�  �!

(Fulgoroidea)�D���  .��y��42  ���# ktD� ! (! 0�3�4D( Y  �
Q�2( ��  (! � ]�� ^�&B2 ��
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 ���

'�� �D�2, 7�� 0� ^�&B2 ��
 .Q!�!�� �/�3�4D( Y ��� +�
 �
 0D� �)�* +��,	� g9� (! 

Stirellus �D���.T�4D( ����( �!�R/ 0D� (!  Idioscopus clypealis2 01D! Q�&M�� (! :�D ���4 

.�/���- +�
��� )��-,  ,�* ��� .��
  ! (! 6!�8�YT�4D(  ^�< ��� �>&L2 ��
  (! '�� ^Z ��


7M�� ��� +�
�D�2��D 7�� 0� .�/���-  .���  !�"# 	2��! '�� (! )�* ���,  .�/���- ��


]��� �� )��-,k7�! )�2, .  

�{  !�"# Q�� �� ���$%�&�� 	�����  

 7��T�4D( Q�� �� ���$%�&�� 	�����  �
(! .�� nested PCR+�
�(�O, (! � P1/P7)  ��

]�! 0�#�2 ( �R16F2n/R2 �� fU5/rU3 )6�� 0�#�2 (�* )��@&�!. &D ���04(! 3�4D(  +�
  

H. phycitis �Recilia schmidtgeni �Stirellus sp. �Exitianus capicola � Idioscopus clypealis � V�L%

  �1Z�2)D. citri(+� .Q!.� +!����$%�&	�hE/ ���� ��.) VJ*k�s.(  

 6�� 0�#�2 ��PCR +�
�(�O, (! )��@&�! �� fU5/rU3 0ReW �� )�$< }��  �D�� �+(�� 7@� 

�� ���# )(!�D! 0� +�Cs��hE/ (�� 7@� ��* �) VJ*t( .�� (! )��@&�! �� 08 hot start PCR! � Y

�� [H# ���=! �D���� .9��
� 6�� 0�#�2 �� YPCR �(�O, 7@� �� fU5/R16R2  D�� ���=! �

hE/�� !7@� �� �2 �(�O, R16F2n/rU3 9K��"D )�
�"2 +�D�� Y.  

s{  !�"# Q�� �� )�* 	����� ��
���$%�&�� 	����9*  

0D�L�
 �4�&D �, Qj (! 	&�LW �(��.Q!.� �!�1 	2�(�Skl) hE/� +�
�(�O, �� )�* �

R16F2n/R16R2( T�4D( �� Q�� �� )�* 	����� ����$%�&��  H. phycitis � Stirellus sp. 
�2� 7

�����$%�&	���Z �B"2 !� ��D,  .�R/ (! g%� �� Q, U��e/ � ���:2 Qj (! 	&�LW [�!�/ Y

[�!�/ T�4D( Q�� �� )�* 	����� ����$%�&�� 0Z �* �B"2 Qj qD�� �� ����2 ��
  

H. phycitis 7
�1* Y��&"��!� .�/���- T���� V2�< ����$%�&�� ��   

)Candidatus Phytoplasma aurantifolia(  ��!� T�4D( Q�� �� )�* 	����� ����$%�&�� 0Z 	-�# ��

Stirellus sp.7
�1* Y��&"�� !�  �� ��V2�< +�
���$%�& '�2 ��@� ��� 7*!�.  

	���� Y�! ��  �
 (! )��@&�! ��PCR0�#�2 ��   �2��< +�
�(�O, � +! �(!T�4D( Q��   ��
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 ���

R. schmidtgeni � I. clypealis� H. phycitis  �1Z�2 V�L% :�D �  � �!�D ~DNA }�� �(�� 7@� 

hE/� � �*) VJ*k .((! �2!T�4D(   ��
H. phycitis ���  Q�&M�� +�� (! )�* +��,N-��- �.�/�� 

��  .���% ��0&�� 0D�B� �� 9K� 0ReW YDNAhE/ +!��"D �.  

 +�
�C-!RFLPhE/ [�!�/ (! V5�# ��(�O, 7@� �� )�* �fU5/rU3  �!� Q�"D ����$%�&��

T�4D( Q�� �� )�* 	�����  ��
R. schmidtgeni�  I.clypealis  �1Z�2 V�L% �  �w�9&2 +�
�C-! ��

 71h2 �
�* 0D��D ��)��- 3���� +���$%�&�.�/�� (7�! 0��"2.  

�{ ]�>&D! Q�2(, !�"# z��/   

0D� �
	�08 ���$%�&��  Q, Q�� ��  ��� )�* 	����� �
7��! �D�* 	���� ]�>&D . �� (! g%

 ]����
 6!�Z� ��D, (! ����$%�&	���D 0� !�  ] N-�� +�
�.�/���- � 0/�� 0� � +�
 Q�4D��� �� AD!��% 

�D��ED V>&92.  !�"# Y�� (! ������* ) T�4D( H. phycitis �1Z�2 V�L% � ) D.citri( 	��M 0� 

 ���� 0� � ���]��D +�
�D�* ��hJ/ .�/���-  .����T�4D(   �hZ!�# �
k� �/ k� ��� (�� !� Y

]��D �
�D��� �!���% VLD ��4�! Q���  .T�4D(  ��
H. phycitis (! g% k�(��  -�R�� +�� �� 7

0/�� ]��D 0� AD!��% +�
 - +�
�( ��D,  �@�/ ]�>&D! (! g% �2! ��D�* V>&92 .�/����* ��.   

�{     ��!���%�����$%�& T�4D( Q�� �� H. phycitis �1Z�2 V�L% �         

 Y�! ��0R-�e2T�4D(   ��
H. phycitis �1Z�2 V�L% �  ���  ���, )�*7M�� (! 
�+ )��-, 

��+��  N-�� Q�
��  V>&92^�&B2 V5!�� �� � �� PCR 0�#�2 ��  +!�D�* 	����.�� 4�&D 0 DNA 

�����$%�&	�1* �� 0�- 3���� +���$%�&�.�/��  7*H (! g%��  �s�  (��)��M,	���� Y (

/�/ 0�� 3�4D( Q�� (! d H. phycitis  L% ��hE/  �18�2 V� �* �)VJ*  +�
��  � ]��� � s .(

����� �� � +�
�3�4D( �C  N-�� +�
H. phycitis  H�/ (�� 0� (! g%� (! 0� )��-, ]��D ~

-�]��D +�� �� ]�>&D! � .�/�� ! N-�� +�
� Y� )�DNA� �- 3���� +���$%�&� �/ .�/��l 0&@
 

)�M,������ Y (! Q�� ���3�4D( Y �� �
��* ���.  

l{ T�4D( 	W!:� ��O � �� �� ���$%�&�� 	����� H. phycitis  

 T�P4D( Q�� �� ���$%�&�� 	2��< .�� � ��hJ/  ��W Y��R/ �!�� Q�2(, Y�!H. phycitis  6�P4D! 
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 ���

7�� . Q�2(, �� 	���� Y�! i��&Dnested PCR �� �   ��
�(�O,  P1/P7 �� 0�#�2  ]�!   PCR  �    

  

  ]����{   ���  !�"# �!�R/      '�� (! )�* ���,   Q�&�!  �1Z�2 ��
    	����� � Q�2�Z � Q�:2�
 ��


� ��D, Q�� �� ���$%�&�� � .��( A98!� D4�)� �% +!�(!��   
Table 1. Insects collected in witches′ broom affected lime groves in Hormozgan and Kerman 

provinces and detection of phytoplasma in the insect bodies by nested PCR 

��Nested PCR �&D�i 
�(�O,�>/��1	5�_&M!  

 WB3/rU3 
 

Results of nested PCR 
using specific primer 

WB3/Ru3 

�&D�i  Nested PCR  ��
	2��< ��
�(�O,) �!�R/

)�* A��2(,/71h2 �!�R/(  
Nested PCR using general 

)primers (positive/total tested 

/�)� � / ��� ��)�  
Family or 

Superfamily 

)�"# 0D� 6�D  
Insect species 

a+ 32/35 Cicadellidae Hishimonus phycitis 

{ 5/12 Cicadellidae Stirellus bicolor 
* 0/7 Cicadellidae Stirellus sp. 
+ 12/30 Cicadellidae Recilia schmidtgeni 
* 0/17 Cicadellidae Aconurella prolixa 

* 
0/5 Cicadellidae Psammotettix sp. 

- 4/12 Cicadellidae Exitianus capicola 
* 0/10 Cicadellidae Empoasca sp. 
* 0/10 Cicadellidae Kybosca bipunctata 
* 0/5 Cicadellidae Austroasca lybeca 
* 0/4 Cicadellidae Balclutha incisa 
* 0/20 Cicadellidae Cicadulina bipunctata 

* 
0/30 Cicadellidae Paralimenellus 

cingulatus 

* 
0/4 Cicadellidae Paramesodes 

lineaticollis 
* 0/2 Cicadellidae Tropiducephala prasina 
+ 12/32 Cicadellidae Idioscopus clypealis 
 0/12 Fulgoroidea Toya sp. 
+ 25/40 Psylloidea Diaphorina citri 

a :+71h2 	����� 04�&D )positive results(  

{ : 	@92 	����� 04�&D )negative results(  

* :�"D 6�4D! A��2(, )not determined(  
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 ���

WB3/rU3  6�� 0�#�2 �� PCR����  �!�D  ���# �II�(�� 7@�  �\D ���2 �� �� !� ���O �W!:� 

T�4D(  ��
H. phycitis  ��Z ���o/ �D��� )�* �>&L2 N-�� )�� ��� )�2 q� (! A�� 0Z )��-,) VJ*

�    ]��� � ` .(  ��
:�-�D,RFLP    0PZ �!� Q�"D      (! VP5�# +�P
�C-!     ���P�$%�&�� �� P�     �P� )�P* ���

 71h2 �
�* +�
�C-!)- 3�����.�/�� (7�! 0��"2.   

t{ T���� ������ V2�< 	�����  T�4D( p!:� �� .�/���-H. phycitis  

 �� 	R� T�4D( Y�! ��� )�* 6�4D! 	���� Y��M, ��� T���� ����$%�&�� 	����

��� p!:� �� .�/���- �* 	<�9_2 0�H�/ z�?2 (! )�"# Y�! (! )�* ���, .��4�&D 0 7@�  �� 

 �(�O,P1/P7)  ]�! 0�#�2��PCR (  �fU5/rU3 �� WB3/rU3)  6�� 0�#�2 ��PCR ( 0D��D )�(�� �� 

 0ReWDNA ���# �� +!}��hE/ (�� 7@� ��* �)  VJ*t ]��� � � .(Q�2(, Y�! �� 0D��D �
  	��


�� ��� 0� ��D, �� 0Z.Q!.�D�!�D V�J"/ ��D�� ��
 ��� )�* )��@&�! u, (! d-�W �! . 0ReW 7
�1*

0ReW �� )�* ��hJ/ �� 0��"2:�-�D, �� .�/���- T���� ����$%�&��  RFLP �/��� �* ) VJ*}( .  

        

�?��?��?��?�        

k{ .�/���- T���� ������ .�&LQ, VW�D �   

0�#�D � 7M�� 0� 7M�� .�&L ������ �!.�/���- T����  0R��/ 0� �492 7<�� 0� 0Z 

	2 '�� q� .�/���- Q�&M�� �� Q,  Q�&M�� (! 0�H�/  ��< �� ]�R� VW�D q� ���� ]��&#! ��*

�>/ !� .�/���-�	2 7 �9Z .!0"�� 	R�1S �D��% U��S (! ]�>&D! ]��&#! ���1D 0e�!� Y�! �� 0&1-  ��


7*!� ��� �\D (! VW�D ���� �� )�$< !� ���42 Q�&M�� )He et al. 2000( . Q, (! �8�# �
!�*

� 08 7�!�#�D  ��5 0� )��-, US�92 ��!�� �� +����0  .�&L +!�7�! 0&�� .BovéQ!��E�
 �  

)k��s (3�4D( � +�
 0D H.  phycitisQ�&M�� (! !� .�/���- ��� )��-,   ��D, Q�� �� � )��8 +��,

���� ���$%�&�)���D ��� �D! .! ���! �� ��D, ���� Y�� ]�>&D! 0� ���W �$�< 3�4D( Y��D��1D ���$%�& .

���� ��	 ! �� )�* 6�4D! +�
�>?/ Y�U  0D�phycitis H. )�"# ��/ �� 08 ��� �8�4D( ��9/  � +�

)��-, Q�&M�� (!.�/���- ���  �* +��, .��� ! +��,�(! 3�4D( YT����  7M�� +�
.�/���-  
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 ��I

! A�� �1LD +�98 �CD�"D 08 ��� )!��
 �/$E"2 �� ��/ ���7�! )�"# Y . 7M�� � �98 78�#

� 7M�� 0��! �&8�# ��&�� �� +����1e/ 3�4D( Y��2 U �98 .�� 6�� Q��:�2 Y&��� �� 7�>��2 6�< 

! �� 08 	@�< Q�
�� Y���>?/ Y����� � U	 � +�
�H%  ��5 �C� 7��))�"D �"&92  �<$S! ( :�D

7�! 	&��
! :��# 0&JD 0e�!� Y�! �� .D�42��� )��/ Q�
�� (! ����L� 0Z 7�! 	-�# �� Y�!� Q�

- ���O�� �� ����2�0D�B� Q��:�2 Q!�9< 0� �)��-, .�/�� )�* 	����9* ������ V2�< �! ! �D

)Salehi et al. 2000 .(! 0� 0��/ ��� T�4D( 0E9H.phycitis^�< ��� (!  ��� '�� ^Z ��
  +��,

!:�! !� Q, Q��� VW�D Q�E2! �"D��2 A �
� .  

 ]����{T�4D( Q�� �� ���$%�&�� 	�����   +�
Hishimonus  phycitis ���   +�P�O�� (! )�* +��,

 - )��-,�  3�4D( � .�/��   ! N-�� +�
� � YH�/ 0D�  - ]�P�D (! )��P8 0�   �� )��P-, .�/�P�

 ]�>&D! � 0D�B��]��D 0� 0&��   - N-�P� +�P
� .�/�P�  P� (! )��@&P�! � .�� nested PCR  � 

 +�
�(�O, 7@�P1/P7 � WB3/rU3  
Table 2. Nested PCR detection of phytoplasma in parts of Hishimonus phycitis body collected on 

infected lime trees and also healthy H.phycitis feeding on greenhouse infected lime 

followed by their transmision on healthy lime seedlings using  primer pairs P1/P7 in the 

first stage and WB3/fU5 in nested PCR    
p!:�  
Saliva 

	W!:� ��O  
salivary glands 

�� 7�LW  
head 

�"# V2�Z )       
Intact insect   

��� V?2 ,���  
location  

4/5 5/5 5/5 *5/5 0D�B� )- ]��D� .�/��
)��-,(  

Greenhouse (Infected 
lime) 

4/4 4/4 4/4 4/4 (Jiroft)7����  
 

3/4 3/4 4/4 4/4 (Minab)u�9�2  
 

  

 * �� )�* A��2(, 0D��D VZ �!�R/ (! 71h2 0D��D �!�R/nested PCR  

positive samples/ total tested)(  

 �P� ]�s{   ��P�$%�&�� 	��P��� ��  Q�P�  3�P4D( Hishimonus  phycitis � PL%�V  Diaphorina citri 
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 ���

���    '�� (! )�* ���,  ��
 - �.�/��   )��-, � 0�H�/ )���D  (!  ]�P�D  �P��- N-�P�   .�P/ �� 

^�&B2 +�
(�� .�� 0� nested PCR +�
�(�O, 7@� �� P1/P7 � WB3/rU3  
Table 3. Nested PCR detection of phytoplasma by primer pairs P1/P7 and WB3/rU3 in 

Hishimonus  phycitis and Diaphorina  citri collected in witches′ broom affected lime 

groves after feeding on healthy lime seedligns  

D. citri  H. Phycitis     0�H�/ ��
(�� �!�R/N-�� )�� (!  
days of feeding on healthy plants 

12/18 *32/35 0 
** { 3/3 5 
4/6 4/5 10 
{ 5/5 15 

4/7 4/4 20 
{ 4/4 25 

6/12 5/5 35 
{ 2/2 40 

 *)�* A��2(, 0D��D VZ �!�R/ (! ���$%�&�� �!�!� 0D��D�!�R/ (positive/total tested)           

 **)�"D A��2(, (not determined)   

  

�{  !�"# Q�� �� ���$%�&�� 	�����  

�, Qj (! �&�LW.Q!.� +!��2�(�1s kl�
 �� 0��"2 �� �� Qj Y�- 3���� +���$%�&� �� .�/��

 V�L% 0D� q� � T�4D( 0D� 0�����* ���.(! Y�� T�4D(   ��
H. phycitis�R.  schmidtgeni  � 

I.  clypealis �1Z�2 V�L% :�D �  )D. citri( �D��� ���$%�&�� V2�# 0Z  �D� �� H. phycitis�   

D. citri]��D ��� VLD ��-�/ �� � ���%  ��_�  �9&��� .���% .�/���- ��
 .T�4D( 01D! ��
  

)I.  clypealis (���  )�* ���,(!���- 7M�� 0� q��:D 	&M�� .�/��� )��-, �D  ���( ]��&#! 0� � 

0�H�/ 7�< 0� M�� (! 	&W�2 ��
)��Z dLZ !� ���$%�&�� ����42 )��-, 7  !�D .T�4D(  

R. shmidtgeni^�< (! 0Z :�D  ��� '�� ^Z ��
  �B"2 � ��� )��-, ���$%�&�� 0� )�* ���,

7M�� (! !� 	��-, 0Z 7L�D)��-, D��:�2 �� � ��*�� )��Z 7����� �C��  . ^�R= 0� 0��/ �� �2!

 Q��� �!�DDNA! (! V5�# �3�4D( Y � ������� V2�< ����$%�&����&#!  ��H�/ q� �� 

&W�2 � 	5�_&M!��O�7�! )�* )�"# Y�! Q�� ��!� '�� |��-, Q�&M�� (! .  
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 ��`

BovéQ!��J�
 � ) k��s ( ���# 	���� ���s 0Z �9&����� T�4D( ^�&B2 �D� H. phycitis 

 T�4D( ��9/ V2�# ������ V2�<7�!.� ����$%�&�� �)�$R� 	���� Y�! ��  �� .�/���- T���

�* 	����� �C�� )�"# �9K Q�� .! ���Y ����� T�4D( q� Q�� �� ���$%�&�� 	����� �9K�
 

 VW�D 	����9* 7�� �� 	2�7�! 	-�  Q, Q��� VW�D  �1�! 7�� 0�	���� 7�! (��D ��&"�� ��
 

)Hanboonsong et al. 2002(.  

  

  

  
  

 VJ*�{ �&�� ������ �� ���$%  ��P�Z�4D(Recilia schmidtgeni)  Q�&P��( �Idioscopus clypealis)  Q�&P�`(�  

 Hishimonus phycitis) Q�&��(  V�L% �Diaphorina citri ) Q�&�� .(M :�Z��2 �  C-: N-�� 3�4D(

H.phycitis (! )��@&�! �� PCR0�#�2 ��   +�
�(�O, 7@� � +!P1/P7 � WB3/rU3.  
Fig. 1. Nested PCR detection of phytoplasma in bodies of the leafhoppers, Recilia schmidtgeni(1), Idioscopus 

clypealis(2), Hishimonus phycitis(3) and the citrus psylla, Diaphorina citri (4) by primer pairs 

P1/P7 and WB3/rU3. C-= healthy H. phycitis, M= Marker. 
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 VJ*�{ ���� ������ ���$%�& ���Z�4D( Q�� Hishimonus phycitis���   ���O�� .�/���- (! )�* ���,

]��D 0� ]�>&D! (! �R� )��-, ���- N-�� ��
 .�/ (! )��@&�! �� PCR0�#�2 ��  7@� � +!�(�O, +�
 

P1/P7 �  R16F2n/ R16R2 .�!�<!���Z�4D( 0�H�/ ��
(�� �!�R/ 	2 Q�"D !� N-�� Q�
�� (!  �
� .

7�! T�4D( q� 0� b���2 A9Z!� �
 .M =�Z��2.C- : N-�� 3�4D(H.phycitis.  
Fig 2. Nested PCR detection of phytoplasma in the Hishimonus  phycitis body collected in witches′ broom 

affected lime groves after feeding on healthy lime seedlings. Numbers refer to  days of feedings on  

healthy seedlings. C-= healthy H. phycitis, M= Marker. 

  

VJ*�{�� �� �������$%�&  ��P�Z�4D( Q�� �� Hishimonus  Phycitis) �  �P/ ��(� Stirellus sp. ) `  �P/ �(�   

Exitianus capicola )� � � (��� ���,)�* T���� ������ 0� $&12 .�/���- ���O�� (!  )��@&�! �� 

(!PCR  0PP�#�2 ��  +! 7PP@� ���PP
�(�O,   P1/P7 � .R16F2n/ R16R2k �� :N-�PP� 3�PP4D( 

 H. phycitis M :�8��2.  
Fig. 3. Nested PCR detection of phytoplasma by primer pairs P1/P7 and R16F2/R2 in Hishimonus phycitis (8-

11) , Stirellus sp. (2-4) and Exitianus capicola (4 and 5) collected in witches′ broom affected lime 

groves. 1anes 1 and 7= healthy H. phycitis, M= Marker. 
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  VJ*�{ ��� � �������$%�& ��   ���  �1Z�2 V�L% Q��  &M�� (! )�* ���,���- Q�  )�2 q� (! �R� )��-, .�/

N-�� )�� (! 0�H�/ (! )��@&P�! �� PCR   0P�#�2 ��   7P@�� +!�(�O, +�P
 P1/P7 � WB3/rU3 .C- =

 N-�� 3�4D(Hishimonus phycitis �� � ` =  �V�L%M =�Z��2.  
Fig. 4. Nested PCR detection of phytoplasma by primer pairs P1/P7 and WB3/rU3 in citrus psylla  

(Diaphorina citri) collected on witches′ broom affected lime trees after one month feeding on healthy 

lime seedlings (Lanes 1 and 2). C-= healthy Hishimonus  phycitis, M= Marker. 

  
VJ* �{�� �� �������$%�& ����Z�4D( Q�� N-�� �Hishimonus  phycitis (! �R� � � )��-, )�� (! 0�H�/ (�� 

 �/ N-�� )�� 0� ]�>&D! �1W�R&2�I�R� (�� (! )��@&�! �� PCR  0�#�2 ��  7@�� +!�(�O, +�
P1/P7 

� fU5/rU3 .    N\9P2 V5!�� ��  !�"#�   �PD! )�P* 	P���� )(��  :M:  ��Z��P2 C- :   N-�P� 3�P4D(

Hishimonus phycitis.  
Fig. 5. Nested PCR detection of lime witches′ broom phytoplasma in healthy Hishimonus phycitis after  3 days 

of feeding on  witches′ broom affected lime followed by their transfer to healthy  lime seedligns. 

Leafhoppers were tested by primer pairs P1/P7 and fU5/rU3 at 6 day intervals from day 0 (Lane1) to 

day 40 (Lane 7), C-= healthy H. phycitis, M=Marker.  
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  VJ*�{ ��� � ���� �� ���$%�&    �� 7�LW  )  ���D�&��   �/ � (  	W!:� ��O �  )  ���D�&��    �P/ � (  ��P�Z�4D(

 )��-,Hishimonus  phycitis  (! �R�  (! 	D��S 0�H�/ ]�P�D  N-�P� -�   (! )��@&P�! �P� .�/�P�PCR   ��

0�#�2 � +!  7@��(�O, +�
   P1/P7� WB3/rU3 .M = ��Z��2C- = N-�� 3�4D(H. phycitis .  
Fig. 6. Nested PCR detection of phytoplasma by primer pairs P1/P7 and WB3/rU3 in the head (Lanes 1-3) and 

salivary glands (Lanes 4-6) of infected Hishimonus phycitis after prolonged feeding on healthy lime 

seedlings. C-= healthy H. phycitis, M= Marker. 

  

VJ*�{ T�4D( p!:� (! ���$%�&�� 	����� Hishimonus  phycitis (! )��@&P�! �� PCR   0P�#�2 �� � +!   7P@�

,�(�O  +�
 P1/P7 �  fU5/rU3   ��hJ/ � ��\D ���2 ��
�D�  	�5!)��I�(�� 7@�  (��=! ��) ��I 

�(�� 7@�) (Q�&�  ��
�{�( �M = ��Z��2C- = N-�� 3�4D(Hishimonus  phycitis.  
Fig. 7. Nested PCR detection of phytoplasma by primer pairs P1/P7 and fU5/rU3 in the saliva of the 

leafhopper H.phycitis collected on witches′ broom affected lime after feeding on healthy lime 

seedlings (Lanes1-4). A 350 bp band is formed in addition to the expected 850 bp band. M= 

Marker, C- = healthy H. phycitis.  
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VJ*}{ 0D��D  ��
�C-! (! �!RFLP  [�!�/ q� (! )�2, 7�����I����$%�&�� (! �(�� 7@�   )�* 	�����

 T�4D( p!:� ��Hishimonus  phycitis) s(71h2 0D��D �� Q, 0L��>2�   �P��- T����   .�P/)c+ .(M: 

�8��2.   
Fig. 8. Example of RFLP analysis of 850 bp PCR product (produced by primer pairs P1/P7 and fU5/rU3 in 

nested PCR test of phytoplasma) detected in saliva (s)of the leafhopper Hishimonus phycitis , c+ 

positive control, M= Marker.  

  

T�4D( �
+ Aconurella prolixa �Cicadulina bipunctata �Empoasca sp. � H. phycitis �� 

)�* ����� Q��< ��"8 �D! (Bové et al. 1993) . �2! T�4D(H. phycitis  V2�# 3�&"2 )�"# ��9/

��7�! Q��<  �R-�e2 � �=�# ����� �� ���$%�&.�� �� ������ V2�< ��!���% 	���� i��&D  Q 

H. phycitis  08 �!� Q�"DT�4D( N-�� ��
! �0D� Y (! g% -�R�� 7� �/ s��� +�� �� )(��   +�


 � .�/���- )��-,��� .����$%�&���W �D �/ } 0&@
 ����D �@# ��M Q�� �� !� ���$%�&��9 .

 Y�9��
3�4D(  +�
	R�1S |��-,! �0D� Y �2 �/ :�D  (! g% ����( ��
 �� �!�>&�!���]��D  +�
 

 N-��.�/���-Q�2(, ����� 0�   ��
nested PCR��D�* )�!� ��B"/ ������ V2�< V2�# .! !H- � Y

�%� �D��S +�!�! Q��� VW�D y�=�2  �2��>/ !� 3�4D( Y��2 7 ��D��.  

! 0� �\D �� 0E9����$%�&	�#�D �� �! �� 0��� 3�4D( Y� �* ���	2 T�4D( 7@ Q!�/  

H. phycitis  dLZ 	
�� Q��:�2 (! !� ������ V2�< 0&LD!�/��D� � � ����&#!]��� ��hJ/ (! g%  ��
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 ���

Q�� �� 	����$%�&����D, :� ��O 0� !� �D���� 	W! .]��� ���� (! �R� ��9/  0� 	����$%�&�� ��


]��� 	2 V2!�< Y�! 0Z 7�! 7�LW Y�! �� 	���D ��hJ/ � 	W!:� ��O �� )��� ��
  ��!� �9D!�/

 �D�* 	
�� Q��:�2 	"J�, �D�, ��!� p!:� )!��
 0� � )�* 	W!:� ]�D�Z)Webb et al. 1999 .(+!�� 

 	����!� y�=�2 YH�/ .�� (! 0�3�4D(U��S (! ��9W ]��?2 q� (!   )��@&�! N���!��% ��"O

�* . T�4D( ���2 �� 	"��2(, Y�9K 6�4D!H. phycitis0Z �!� Q�"D 	R�1S 	��-, �� ! �Y T�4D( 

7�! ���W ��M p!:� )!��
 !� ������ V2�< 0��9Z ��!� ��9W ]��?2  .Y�!�&D �i �!� Q�"D 0Z 

]��� +�
���$%�&�� ��&LD!�/ 0 �D!]��� ��!�  * 	W!:� ��O 	5�_&M! ��
�D� ���� (! g% �  0�

Q���� 0� 	W!:� ]�D�ZQ�� (! ��� )!� 9� .  

 ��!�o/ ���� Y����D �	��D!�/ 	�]�>&D!  �� z��/ ���$%�&� (! )��@&�! 0� b�92 )�"# ~

.�� � +�
�j�-��7�! ~ .�-� N�2 Y�! 6�4D! � ���2 ��� �
���$%�&2 (! ����L� �� ���L� ��!�

7W�S � 7B� ����7�! ) Tanne et al. 2001 . (	���� ��  ��
 .$/ ���� �� )�* 6�4D!� ~

�0-��q�j�-��� ]�>&D! 0� � �� �� )!��
 +���$%�&�- 3���� +����.�/�� T�4D( �� H. phycitis � 

����T�4D(  �
) R.  schmidtgeni �I.  clypealis (2��"D �L . 7�>��2 6�< 0&1-!��! 6�4D! � (! AB� Y

>?/�U7L�D ������ V2�< ]�>&D! �� T�4D( 	��D!�/ 6�< �-:92 0�  .)�* .�!: ���R&2 ��!�2 �� 

7�!0Z ���� ���� �� 	 � +�
�j�-�� +�� ��  �2 �D��S ~� �VW�D 3�4D( ~ ��� 	��$<

0D�B� Q�
�� �!�2(, ���2 � 7�! )�"D )�
�"2 A)Tsai & Thomas 1981.( 2 ��T�4D( ���  

H. phycitis]��D �  0D�B� ��
  Y�9K 7�! YJ�2 :�D �!�*�� 0&*!� ���� �&-�#.   

$< (��� 6�<� +�� �� N� 0R-�e2 ���2 Q�
� ���*-��� V �� ���$%�&�� �9Z ��hJ/7�! ��D, 

��� 7�! YE�2 7*H	D��S Q�2(   ��/ Q�
��$<��9
� Q�"D !� N.	2 :�D �C�� V��� (!  Q!�/ 0� 

]��D  ��@&2 �j�-��:��  YL2 Q�&M�� �� �
H�/ �� b�1/�! ��� 3�4D( 0��Z )��*! .0&1-!! �8� � 0&ED Y

 7�! 6(�]��D 0Z +�
  ]�� q� ���# 0D�B� �� .�/���- % (! g%�% �� �D�� �)��-, 3�D� N�$<

!� ������)�!� Q�"D  �D! )Salehi et al. 1997( . 7�! YE�2 0&1-!>&D! z�!�*	R�1S ]�)�"#  ! �� +!� Y

0D�0D�B� ]�>&D!   ��@&2 �$2�Z �!�*�� .����� ��  �
 7�! )�* )�!� Q�"D q� ]�>&D! 	�,��Z 0Z 
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 ���

�� z��/ ���$%�&�)�"# ~ 7�! )���  ��@&2 �$2�Z c�L# )�� �� 0� )Purcell 1982.(  

        �/ � )��� 3���� ����$%�&�� .�� 0� ���W :�D  �1Z�2 V�L% P� P2 ~   ��PM Q�P� �� !� Q, )�

  7�! 0&*!� 0CD .    0D��D �� )�"# Y�! �2! ��!���     � 7P�! )�P"D +��, ��� )��-, US�92 (! 	�1W ��


  	��D!�/ 09�2( ��    � ]�>&D! �� )�"# Y�! ��
�- 3���� +���$%�&��� 	���� .�/     ���P2 �&P"�� ��P


7�! (��D.   

        

���92���92���92���92        

 �?@5 0� 0\#$2 7��(35-39) &2 �2 	L��CD! Y��* 0R�!.  

 

  

 Q��D��CD 	D�"D : 6��5 ��42       7P2!�Z �P&Z� ���P%          APB� ��@���P"�! �P=���< �P&Z� � )�P9%�:�! 0P-!

           � 	?-�P5 �P�?2 �P&Z� � (!��P* )�CP"D!� ��(���P"Z )�JP"D!� �	J*:F
��

	>/ ��?2 c�9�2 c��� 	R�1S ���92 � �(���"Z  �>�>?/ :Z�2 �)�!({Q�W�(  
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