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 G$(
   �(H� �� /�IJ,& &7@�1% K�) �% F,�'�, ��' .

����	�7
(' �D(
 /�M	, B' -�� ��� NO#, �� F
�C ��(		P. /��2 /�IJ,& ��(#) �% 

BQ)R,  /�#$ %7D &� ���, ��% .� S		T. �7Q�, B
S1  /� ��(		P. �7U$ � ��<	'(. �� K7V �% 

��, �V /��2 /�IJ,& �����E �&7@�1% ���%  ����� �. (0, �������FU, &�   /�IJ,& ���

�$�� ���� 4�� G$(
 W��M, �% %7D �$��2 .�&��$� � �1����� -0�  � X0, �����C �(	

�Y��	 S�&��$� �(	B
 /Z7*	� -Q�3  ���(7.�,�(' &� [	.(. E�
 �1���' �
 41�, (HPLC)   

 G�� \	V �Vis!UV �� �%��I��. X0, S1(.   � K�(J	� ��� �1����� :1 �] [	'(.  

X0, ��C S1(. �(.  %7
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 K7V �%  ��, �% [	'(.  _RID� \�IO, ���

��T, �$%�% /�#$ %7D &� ���% .� S1(I�' K�(J	� /�M	, S1(I#	
 
�% [	.(I��,   � (0, ���

                                                           
* Corresponding author: moharami@modares.ac.ir 



���� ���� � 	
�	� ��� ���� ��	�� ���� ������� ��	�  

  

  

  ��

 �%) [	.(. B
��/a±b�/�  ��a/�±c�/�c��	,  /&� 6( (� �% 6(  ��E (. (�&��$� �� �(	 .

�K�(J	� _RD (
 �(. &7^�� ��, /�
� �% �� -Q�3 S1(I#	
 )mg/gd�/a±aa/� ( S1(I�' �

 ��, �% �% �� -Q�3)mg/g c�/a±�e/b ( �. ��, �f� &� g�<1(h. /� -Q�3 � %7
 ���% /�IJ,& /�1�@

�$�, -
�i .��T, j�<.�� ����, Bk
�� %7�� �
 � K�(J	� S	
 ���%  �(. &7^���,�	$ -�% B
  .

��T, � ���, Bk
�� � %7
 K�(J	� l*8 -��% /Z7*	� -Q�3 ��(		P.  ���%)r = -0.964; 

P<0.01 (J	� B
 /Z7*	� /�� F1�<. ("$�1��$ B^�J, S1� B' -��% %7�� �% S1� S	
 �% K�(

 �$�,& B�5�� �% S1��, ���
.  

 G1�I$ S1� +��� (
�, X0, B' %(' /�7�8 /�7.  S1(. [	'(.  S	1�@ �^7*^7, /&� �
 :1 �]

(	im.  �% ��2�% �,(� B
 -,��h, 6(' BC�� ��7D K�(J	� /�(1� �% G$(
 �,  +��� (
 � ���


 /� ��(		P.�, 1� �����E �% &7@�1% B' -�( Bn	I$ /�7. (D��� �% �1�
 K�� S1� �% -�� S

�% � W�(� /�
� ���
 ��� BIJ*� ��, ����� � S�0
 S	
 B�5��. 

�!�� "�##�$%  : 6('BC�� ��7D��$��2 /�IJ,& �&7@�1% �G$(
  o(.	 �] ��<1K�(J	� �:.  
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 6('BC�� ��7D G$(
 )Chilo suppressalis Walker( U, S1� ��	�' � X0, ���� &� �*1 K7p

 q�J) B
 /�(1� K��� �%�, �1� . ����% -�� S1��!b K�� �% FJ$ �, ���
 . �� /�IJ,& -��

 �����E F*� B
 K�) �%BC�� FD�% (D� S� &7@�1% ��\�8 � G$(
 ��1�h
 �   B	��) &(� ���

 �(H� W��M,�,  ��'(Rezwany & Schahosseini, 1977; Moussavi, 1986).  

���� B�C� �87$ &7@�1% (dormancy)B�C� (1�� B
 -<J$ B' -��   %7'� (	Q$ ��

(quiescence) r	�8 �$7,�7� � �M'(, �<p8 XIJ	� (Q$ &�  ��(		P. �(� s1 �
 � �%7
 (.

-�� ��(�� %7�7, /�
 FD�% �% �1�	�	�7	
 � �*1Z7^71M	� . ��0, ��(		P. &7@�1% ���% �V

/7,�7� /�M	, �% ��(1�� �   1�	�	�7	
 ��<	'(. t� /�
 ��,  �����C -Q�3 g�,7�8 � ��%

 X' �^7*^7, /&� �
 ��*^�(cryoprotectants) u1�M�� G1��. B
 �, �
�1 (Kostal, 2006) .  

S	�v u1�M��   �/���	 (	Q$ /��2 /�IJ,& ��%7�7, &� �T	�� \	V �% �O1 �] ��<	'(.  

6(' ��B�' � ���7<*�8 �  �� &� ���	J
 �/�,%�@ � ("1% ��(#)-�� ��� ��1% /��$MD �I) �  
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(Kostal et al., 2001).  

M���XO. �% ��
 S	IJO$ ��(
 ��(#) �% K7I	
�7� � K�(J	� �n1��. u1  K�) �% ���

X#1(
� 6(' &7@�1% Bombyx mori L. (Lep.: Bombycidae)�(	�� �% /� &� �T
 �   �% ���  

 &7@�1% K�)Hyalophora cercopia L. (Lep. Saturnidae) �� ��1% (Chino, 1958).  /� &� l@  

l", �����E &7@�1% B�)(, �% B' �� NO#, Eurosta solidaginis Fitch (Dip.Tephritidae)   

� K7I	
�7� �K�(J	� /�M	,  �(. &7^�� (Morrisey & Baust, 1976)s�7� �����E �% �   

Scolytus ratzeburgi Jans (Col.: Scolytidae)�(J	� /�M	,  � M'7� �K7I	
�7� �K 

 �(. &7^�� (Ring, 1977) u1�M�� �, �
�1 .�����E �% S	�Y��Ostrinia furnacalis Guenee  

(Lep. Pyralidae)  K�(J	�(Goto et al., 2001b)S� F,�' ��(#) �% �Pyrrhocoris apterus L. 

(Het. Pyrrhocoridae)  K7I	�	
��� � K7I	$�, �K7I	
�7� �K7I	<1�(Kostal et al., 2001) �   

 �%6%�@ Cryptopygus antarcticus Willem (Collembola: Isotomidae) � K7I	$�, �K�(J	� 

 �(. &7^�� (Somme & Block, 1982)�� �1����� &7@�1% ���% �%  . �(. &7^�� /�7�8 B
   

X0, S1(.  �% [	'(. �(@ [� �����EAdoxophyes orana Fscher van Rösslerstamm   

(Lep. Tortricidae) (Jo & Kim, 2001)�,7V(D(� F,�' ��(#) �Lissorhoptrus oryzophylus L. 

(Col.: Curculionidae) (Lee et al., 2002)[� �����E � �(@Hübner  interpunctella Plodia 

(Naeemullah et al., 1999)�(	�� �% �  ���Hyphantria cunea Drury (Lep. Arctiidae)  

(Li et al., 2001)-�( ��(C �1����� %�7,  .
 (Q$ B
 ��' �7k�,  K�) �% ��(#) �% ���

 ��C � K7I	
�7� �K�(J	� &7@�1% �(. &7^��&�  X0, o(. S1(.	����
 :1 �] ��< . ���' �% BI<^�

S	w.�(@ �S	1�@ �^7*^7, /&� �
 :1 �] ��<	'(. �� uh$ M	$ :1 BIJ� �^7, F,�78 � :1 �] �

, ��1� �,(� B
 ��(#) F�U. �% �� ��0�,  ��1��$(Bale, 2002).  

 ��$& �$�%�C �^7�� x��D q� /%& :1 ��75 �% B' ��%& :1 B
 6��h, ��(#) �%

o(. ���$��
	 :1 6�"�� �% �� K7�� B
 ��� %��� �M��� y7� X' �^7*^7, /&� �
 :1 �] ��<

�^7�� x��D q� &� �%��U, (1%�h, �%& :1 �
 /%& u��' �, S1�
 � ���%   �� K7�� [	.(.

 -Q��U, �^7�� x��D ��T1�, /%& :1 S	) �1�� �(	"
� &��, ���'.  &� %�7, S1� S	�Y��

 F	*#. 6�"�� �% �^7�� z�#3 /��ID�� &� � �%(' �(	7�� K7�� FD�% ��7IU, /%& :1
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K�IJ1('  -Q��U, :1 ����,  ��1��$(Storey & Storey, 1988). ��(#) �% :1 B
 +�J) 

 %(� {7� ��75 B
 �� /�IJ,& B' ��%&(supercooling) �(H� �, S1� ����'   S*�, ��<	'(.

-Q�3 �% -��  /�
 %��n$� Bkh$ � ��� �	^7. �1E�
 ��	J
 ���(supercooling point) B
 �� 

 ���% u��' ���(Ring, 1981; Miller, 1982) .I�� �% (� &� �$�%�C ��(#) �D(
 BI<^� �|.�(

�$(<
 �(0
 �,(� B
 -,��h, -0� (Jonstone & Lee, 1990; Baghdadi et al., 2001, 2002).  

 �% ��T^�k,�,(� B
 -,��h,  �% 6('BC�� ��7D�%�% /�#$ G$(
  �$� B'  &7@�1% B�)(, �V

X0,  S1(.  � K�(J	� ��� �	^7. :1 �] ��<	'(. �(. &7^�� �,  u��' � u1�M�� S	
 � ����


1� -�� ��(C(
 �"�.�"�. j�<.�� &7@�1% ��1�@ � %�7, S(Tsumuki & Kanehisa, 1979, 1980 a, b, 

c, 1981; Goto et al., 2001a; Cho et al., 2005).�. /�(1� �%   �
 j�<.�� �% �h	hU. }	� /7�'

 /� ��(		P. �$�� � :1 �] ��<	'(.  6(' ��� ��BC�� ��7D-�� BI�("$ ��75 G$(
 . � &� �n$

 6(' B'BC�� ��7DBC�� FD�% �% K�T� (	3 � �&7@�1% F*� B
 �� K�� &� ��	$ g�<1(h. G$(
   ���

 (� B
 G$(
�, BC�� FD�% �% M	$ K�� ("1% B�	$ �% � %(
 �� �% (� �% B' �%(' -	^�T� � B12P. 

?�� (1�� � �1�	�	� �&��<, -0� /� B
 ��(I�% -^�)  ��7�% �^(I�' ����, ^ ����
 �2

 � &7@�1% �"$7"v BT^�k,�,(� B
 -,��h, �% (Q$ B
 ���(] /� �, ���.  B
 r	hU. S1�

-D��� �7Q�,   �
 B' ��0, :1 �] ��<	'(.�,(� B
 -,��h, �% S		T. � ��IJ� j7
(, �(#) 

/� j�<.�� ��-�� ��� 6�n$� �(#) &7@�1% /�,& �
  .  

  

���	� (��  

)*+ &��*� #��,: 4��  �V B$7�$ ������, �� ����� �. (0, ����� �����M	^�� &� 

 �7#' G$(
 ��h	hU. BJ�7,)-�� ( � 6�n$� ��%�p. F*� B
B$7�$  �� /�(0. B
 B�5��R


�1%( FhI�, . /&� �
 ��% }	@ �% F1(I�� q7	.�(*	, s1 �% 6��' (� S1&7. &� l@ ����E

�1%( FhI�, 41�, �&� K7JH' FD�% B
 � �$�� �%�% ��(C NO#,�$ . &� l@�cB$7�$ Bh	C%  �� 

 �M1(� B
�a!�I$�� B��%  B"$ �n$� �% ��#1�,&� 6�n$� /�,& �. � FhI�, %�( �$�� ���% . 6&E

 �8�J,�$ ��	�C� ~1�(� -�8 B
 S�0
 ��, �% ���%(
 B$7�$ B' -�� ('f B
) ��	J
 ?��


_(
 S	"�� (-�("$ ��75 .U, ��,%	�%��I�� �
 ~ �%�% &� �����7� �� ���1 �% (hIJ, ��"IJ
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 ����n,,  ��,� -�% B
 G$(
 ��h	hU. BJ�.  

��!�! � �$�-! #�"./ #	�� #	0 ��-�" :�&��$� � x�(OI�� ��(
 �(	 � ��*^� �����C 

�(. &7^���% ��E s1 &� F*#I, B$7�$ (�  b ��	, K7$�.� (I	^ �a �5�% )�a K7$�.� �5�% 

� y(, ba q� �5�% HPLC (	v /��� �%&� l@ � �$�1%( S"�� �� �c �
 Z7�1(I$�� Bh	C% 

 -8(�g�baaaq7	.�(*	, FD�% � ��� ��� �1�� K7�U,  ���� BIO1� ��#$ �%��I�� �. &� 

�&��$� -0� ��$��	C�
 q7�� �1%( �%��I�� /Z7*	� �(	 .q7	.�(*	, �� K7�U, ���) �

zRD -U. /�� �% �1�� (Mmert, model VS-1202V5, Germany)� ��,% -U. �c B��% 

�I$�� /� �% %7�7, KR) �. �$�� BI��2 %�( %%( (	O<. ��.  �KR) F,�' (	O<. &� l@bca 

 F1(I	$7I�� � q� (I	^�(*	,) ���J, -<J$ �
�:� ( _�5 &� l@ � �1%( �%�M�� B$7�$ (� B


/%(' B
 B�	�� (I�	� (� �"$(� (Syringe filter unit, Millex, USA)� 7�$ B$ �� -0� r1�M. B
 

 ��"I�%HPLC Waters, Milford, MA, USA) (�%�,�  �$��)Pullin & Bale, 1989 .( ��	��8

�% ��, (� �% �&�� �%�,� � x�(OI��� ��(*. )��(*. s1 /�7�8 B
 ��E (� ( (� � -�( 6�n$�

�1%( r1�M. ��"I�% B
 B$���� �7V B
 B$7�$ .�O, ��%��I�� %�7, y(UI, &�� q� j7)�a 

�5�% ( F1(I	$7I�� �)�a�5�%  (� -
�i &�� �	@�(@7$�	 F�a� ��@ �
 �	���	S�!�	 /�Jo7�

%7
. ����	�7
(' �7pO, /7I� &� �&����� ��(
 �� (Waters, Ireland)%�T
� �
  d/� ×bca 

��	, ���f (kC � (I, c�� �%��I�� (I,�(*	,  . s1 y(UI, &�� /�1(� -8(���	,  �% (I	^

	C% -J*� [1(] W7$ &� �%��I�� %�7, &�� ��*�� � Bh(RI)%7
  . B' -�� ('f B
 6&E

�&����� �� �/� /�� ���1�@ � ��"I�% X	Q�. &� l@ � BI�( 6�n$� ~	U, ��,% �% ca 

�$(� �
 B$7�$ (� &� (I	^�(*	, ���� -<i 6�(7.�,�(' � r1�M. ��"I�% B
 /7I�	,.  

�&��$� -0� ��' B1Mn. �1 �(	 ��U�, X�� ?�� &� ���� �&����� ��*^� �����C 

�� �%��I�� ���
 B��% .-Q�3 �7Q�, S1� ��(
 �� �.���I, �)caa ��aaa �baaa ��aaa �

�aaa �caaa �daaa � ppm �aaaa ( � K�(J	� ���%���$�I�� &� �(. &7^�� ��"I�% B
 � B	0. 

�1%( r1�M. . ���
 B��% ��U�, lH�)
 �% s	@ (1& �k�-Q�3 (
�( ( X�� zM� (� ��(


�� . ��U�, � s	@ (1& �k� B
 B�7. �
 � B$7�$ �% %7�7, ��C W7$ ����%&�
 /�,& B
 B�7. �


�&��$� B$7�$ �% ��C -Q�3 ����
 B��% �1%( �(	.  
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��!�! #	��1����$�  : �% Z7�1(I$�� &� F5�) ��� S	#$ B. %�7, &��&��$� �(	 �����C 

 -0��&��$� �(	�� �%��I�� /Z7*	�  . B$7�$ (� B
 B' [	.(. S1� B
� ��	,  +�I@ K7�U, (I	^

)KOH (�1%( B��]� �5�% B� . &� l@b� ��� -D�7�*1 gR,�' K7�U, B' -8�� �/a 

��	,  ���2 q7�� K7�U, (I	^) -�JC �%NaCl � �5�% �% � K7$�.� -�JC ec�5�%  (

�� B��]� /� B
 /Z7*	� q7�� -0� . lH�B$7�$ ���$�1%( FhI�, K�YO1 B
 .  &� l@

 FC��)� �1�� K7�U, -8�� )+�I@ (B$7�$ �17#
� ��
 �% &� l@ � �� BIO1� ��% �� �
 

 K7$�.��a 6��' (� B
 �(	kh. ��
 �% q� � �5�% c ��	, u�'�� (I	^  ��*^� () F,��b�a 

��	,  K7$�.� (I	^ec ��5�% �a ��	,  X1�� �1(�' (I	^b��5�%  �a ��	,  F	�%�% X1�� (I	^

���^7�(SDS) � �5�% � �a ��	, (I	^ q� (kh,( B��]� � /�M	, /Z7*	� B$7�$ �% %7�7, �� �
  

 G�� \	V ��"I�% s�'UV-Vis) (I,7I��(I*H��((Sinco, model S-2100, Seoul, South Korea) 

 x7, K7V �%dda (I,7$�$ �&��$� �(	 �� )Pullin & Bale, 1989 .(r1�M. %��T. �� ��, (� �% c 

 %7
 r1�M.)��(*. s1 /�7�8 B
 ��E B$7�$ (� .( ���
 B��% ��U�, &� �%��I�� �
 lH�) q2�

-Q�3 (
�(
 �%( B$7�$ �% %7�7, /Z7*	� ���h, ���� S		T. .  S1�
 -Q�3 B' [	.(.  ���

 /Z7*	� &� ���IO,)bc/a �c/a ��c/a �a/� �c/� � mgb( /� q2� /�M	, � B	0.  ��"I�% �% ��

/� +��� (
 � �� -��(C  -Q�3 /� ~D B^%�T, s�' �
 � �1%( X�� ���
 B��% ��U�, ��

B$7�$ ���� B<��U, .   

&�230 �"#��
, #:  S	"$�	, ��75 B
 ��,� -�% B
 ��8RV�± %���$�I�� ��kD   

(mean ± standard error) �$�� ?��M. B1Mn. �%�% �� �
 s�' B1Mn. l$�1��� s1 B�(V  

(One-way ANOVA)�  BJ1�h, �� �k� �% �'7. /7,&� s�' �
 \�IO, ������	. S	"$�	, �c 

 ��M�� 6($ &� �%��I�� �
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Fig. 1- Monthly mean of minimum temperature in Rasht in recent 20 years and mean  

of minimum temperature between October 2003 and March 2004  
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   ���HPLC 	����� ������������ �� ����� (A) 	 ��� ����� (B)) ppm���� ( 	

��������	�
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Fig. 2- HPLC chromatograms of glycerol (A) and trehalose standards (B) (1000ppm)  

and chromatogram of cryoprotectants sepration in a sapmle of larvae of Chilo suppressalis 

from overwintering regions in Rasht (C). Stationary phase: 70% Cyanopropyl with 

Polysilphenylene-Siloxane, Moving phase: Water (30%) and Acetonitrile (70%). 
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Fig. 3- Glycerol and glycogen content changes and correlation between them in overwintering 

larvae of Chilo suppressalis from Guilan in 2003-2004. Values labeled with the same letters are not 

significantly different at the 5% level by Tukey’s test after ANOVA. Because of severe snowfall no 

sampling was done on February. 
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 QR� �� ��� 4>S� TM�/� ��"	 ��U *�>�� 6�V� ���V� T	�WX 4
�� 2�� �� �Y�� 4� �+��. 

Fig. 4- Changes of trehalose mean content in overwintering larvae of Chilo suppressalis from 

Guilan in 2003-2004. Values labeled with the same letters are not significantly different at the 5% level 

by Tukey’s test after ANOVA. 
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