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Abstract 

The beet armyworm, Spodoptera exigua (Hübner), is a highly polyphagus insect that 

feeds on many cultivated hosts and weeds. To understand how well this pest survives in cold 

temperature during winter, seasonal variation in the supercooling points (SCPs) were studied 

in field-collected and lab-reared samples. In this study, the beet armyworm overwintered as 

dark mature larvae in dried fallen leaves or on the soil surface. Their SCPs increased 

significantly (P<0.01) from -12°C in November to -6°C in March and these larvae could 

survive below their SCPs. However lab-reared ones could not survive below their SCPs. 

Supercooling points of different stages of lab-reared samples changed significantly (P<0.001) 

and it was lowest in eggs (-28°C). Trehalose, glucose, glycerol and sorbitol were identified as 

main cryoprotectants. Glycogen contents were significantly (P<0.01) decreased (more than 

70%) in larvae collected in February and March rather than overwintering larvae collected in 

November and December. In different stages of lab-reared samples it changed significantly 

and was highest in pupae. So, it seems that overwintering larvae of beet armyworm are freeze 

tolerant and glycogen is a major reserve for overwintering during cold months. 

Key words: Beet armyworm, Spodoptera exigua, supercooling points, cryoprotectants, 

glycogen. 
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%!D& (sensor) T)
# ��� [  �A+$ ����( ,c� ;%( (Testo, model 177-T4)    2�A� �A� *�A	- �$ 

@#8	#      � �� �$�$ ��%n       ��8# iD> p	< �� $8V Tj+ �$�     ����( $%� ��!M�$ @� ��� � ,
c�- 

�B/� @+�#%� T��n (Binder, Model MK 53) TKM�+�/$%� . ��!M�$    �A� �BA/� @+�#%� �� @#8� @�

 '� @( �+$   �_` +  �-_�[  D�� @��$ 
*8   c/%K- ,E%� ��  �/`   @��$ DA��
*8      @A� @AK
n$ �$ 

  |/��- ��� $%�       %� ��+ N/� L � �`   ��+$ @
#��  �%"& 2�� ,c��/$%� .@PK# ��  '� �A7 @( 

2��  C/%� ]/�B��  �+$ %� 2�� $�'� %L�V @� #��$ ��+ �� +  ��A�$     $�A	O#� @APK# 2�8A�E @A� 

  �8I�+��.         @� �� �+$ *8)Z+ T)� @� ��!M�$ ��� _` +D�� @��$
*8 @#8	# � ��#��� �� '� 

  �#�/$%� ���V 2� . � �'��#� $�8+ �$
%� $�	O#� @PK# aA?-   �A�   �A- �A+$ 3�[  DA�� @A��$ 
 *8

 ]��</,��.  

���%>�� )�� �   $I ��J�   K�
K�" �#� �� L� �6 ��  1 ����� ��  ���  ���- �� !"#  :   NA/� @�

  �8I�+�   ����R '� @#8	# �  ��� C	� �   cL '� ��� 
  $ �$ ,Z�   �+'� $�8+ ��+ /    �A�M�%� ��%An ] .
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  �$ @#8	# %�_   Q8#�-� %M
^ �
+ �`     '� �7 � �/$%� N!	� �S�$ ��  ,E%A� �� d8�/%M#�� @K
n$ 

g �_```        $$%� %
?c- 2� Qv& �- �� @M��6� JvV ,j- 2�� �$  .   �QvA& TA+�( %
?c- '� �7

_�`PK- ��� �$ s� %M
^�%)
+ 
 %)HPLC grade (   @A#8	# � �A� �$�BA�� @#8	# %� @�  �A�  '� �A7 

�l-
� �� @
!#%� %� %M� (Millex, USA) ��!M�$ @� k/�B- ,9� HPLC  (Waters, USA) �$�A+� 

  �#�A�)Pullin and Bale, 1989 .(     s� �$��MA�� $�8A+ �%AjM+ '�A�)HPLC grade( $8A�  .  ��%A�

   ����A
�8�%( �8lA?+ 28MA� '� �'�����  �A� (Ca, 59305-U, 300×7.8 mm, Supelco, USA) 

 �� �$��M�� .     �%jM+ '�� 2�/%� ,E%��/`             '� �$��MA�� $�8A+ '�� ��)�� � @K
n$ �$ %M
^ �
+ 

    ,D)� i/%b w8#(RI) $8�  .�'�����   �A�         6A7 ;�AO#� m
Aj+ ��A+$ �$ /,�% .     ;�AO#� '� �A7

 M�$ ��	
I�-      �2� 2�� ���/�7 � ��!_`        W#%A� @�
A�� @� @#8	# '� %M
^�%)
+    �A�   ��
"A( 28M�
+

�� ,c� @L8�%+ ;�%�8-�+�%( � k/�B- ��!M�$ @� � ���.  

9#�$�� ��� � ��	�
 : �� ��%?M��
 ����R '� 2d8X�  # � 2��6A� 2�MDA+'  A
 @A#8	# B  ��A� 

 5��%7/�+'� �$ @M��/ 5�� @� ��!")1989 (Pullin and Bale� 67 ;�O#/,�% .^$ @� @Mc^�
 �'��#� T

D�
    # � �9	?- p>8< ��
   D� $��Z- @� '�
 ' ��/  � �a?- $�/ �+'� N/   �� %� {�u���M�� ]� �  A/   @A�&%+ N

��  ,�%!# ��8S  . � @�/   �8I�+ N    @#8	# 2$%( N!	� '� �7  ��    Q8#�-� �$ �`       %A� @A� � �S�$ 

  ;��(�  � Q8�j+ %M
^ �
+ 
D<���
��M7 �
 a�  %� @��Ab� �AS�$  �A/$ .  '� �A7_�   @A( ,E�A� 

  ��� ,V�8�)/ {v+�( Q8�j+�/` ���6� s8�� Q8�j+ %M
^ �
+ ) ,	Dn �$NaCl  �AS�$ �$ 

  ��    Q8#�-� ,	Dn �� �S�$  (        �A� @��Ab� 2� @� 2d8)
�� s8�� ,9� .   @A#8	# ��A�   �A�  @A� 

  �#�� TKM�+ Q�h?/ .  Tn��& ,�6� '� �7� /�� Q8�j+ ,E�� )�
D<���
 A��M7 �
a  ( ��$

@M?/� ��  .     @#8	# /8"�� ��� �$ '� �7  ��    Q8#�-� �� �`           ;��A( %� @� �%
PK- ��� �$ s� � �S�$ 

� A�)^� %!"�(�� %M
^ �
+  (reagent alcohol))   T+�A�_�`    Q8#�A-� %AM
^ A�
+ ��  ��AS�$ �` 

�
+     a/�� �/%�( %M
^_   ��S�$ �`       ���^8A� T
A�$�$ a/�� %M
^ �
+  (SDS) �     � �AS�$ �` 

  s� %M
^ �
+ %PK+  (          @#8	# �$ $8�8+ 2d8)
�� 2�B
+ � ��� @��b� �y%Z+ 2�8�E @�  ��   �	( �� 

    |�� F
L ��!M�$UV-Vis     �8+ Q8L �$ ��`    �/$%� �%
� �'��#� %M+8#�#  .   �$ 2d8)
�� ,I�z

@#8	#  ��        ���� @��$ �j�+ a�� 5�� @� )   ,I�z %��%� �$ s6� ( �� N

Z- .   N/� @�  -%-
  @( i

,I�z    � '� ��M?+ ��� 2d8)
�� $���#�M�(Merck)   M��A� ���AK+ 2$8A	# @��b� '� �7 ��$�+�  '� 
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  _`�

          ,A�$ @A� ��A�� @��$ �j�+ �9#� *��� %� � �� ��#�8V ��!M�$ �$ �9#� s6� 2�B
+ �y%Z+

@#8	# ,I�z 2$��� ,�$ @� ,9� 2� '� � �+� ���/$%� �$��M��  .  

M��� ��", �� :      N
!#�
+ ��8S @� ��+� ,�$ @� ��EvL�±PV Z+ ��
  �#�A� 5��BA� �� .

�$�$ @/BO- �� @�%L �/ �#�/��� @/BO- �	( �� (One-way ANOVA) @DA/�K+ �   �A�  N
!#�A
+ �

 YP� �$ (8- 28+'� �	( �� F�M?+ �����	
-�  ��BA�� ;%# '� �$��M�� �� �S�$ SPSS (16.0) 

,�%/67 ;�O#�.  

  

 ���� N5� �   

^��
 9�8- T��n @MX# N� �$ @< /���"+ @Z^�P+ N$%� �/� �/  A�E @A< $8� N   2�MDA+' aAz� 

  � �$ $%�/   Q�� N)+
!#�
    $ �$ �+$ Tn��& N�   ��+ �/`[  D�� @��$ 
  �A+$ Tn��A& � *8�  ,Ac� 

  ���__[   	� �$ @��$ 
    TX� ���+ N�( � �/    ����R ��8S @� �%"& N�   T+�< )   aO�A7 NA� ( �$

 U%� TV�$  ��� X"V 
    � � 6���+ � ��
�����    #��6A� 2�MD+' H�V   $8A	#  .  � WA#� A/  �A���R N

  ����R @� ,cD#�  - Q�Z� 
     �8AL @� �$8� %- �%�    ?"A- @A< 
        DA� H�AV '� �� �A9#� �
   ��8A�$ ��

+ $8	# . � �'��#�
%�    L 2�� $�	O#� @PK#  ��+   ���      �� ���A�� �A- 2��� � �  A/     ��8AS �A���R N

�Z+ yvMV� � ,�%���$ �� 
$%� ����"+ �9#� N/ �(F4, 28= 6.32; P<0.01) .�7
/ %A- N/  @APK# N

       2��� @� q8�%+ ��� ����"+ $�	O#�)��/`±�/�_[  D�� @��$ 
*8 (  %-R�A� �/      @A� q8A�%+ 2� N

 ��+ �����)��/` ±�/�[D�� @��$ 
*8 (+ �� .�< �8L @�  ��A+ ����� �- 2��� '� $�	O#� @PK# 

��-/ �B�� {�O/  ]/  ,��)  TX�_ .( � N	b/  �	- �$ @X�+ ��+  �� �E   � az� /      A& �$ �A���R @< N
 N

�'��#� � 
%�    �+$ �� $�	O#� @PK# � D� 
 �7 ��
/N %-�    $8V $�	O#� @PK# '� ) _�[   DA�� @��$ 
*8 (

    !	� �+� �#$8� ��� @��8+      2�� s� '� �7 /   �#�#�+ ��#' 2�� 0 . � %���� A/  �AM# N/    '� TAS�& |

�/  2�"# ]��o7 N+ �E @< ��$� az� /    �� ;%A� @A� �A#$8� @MDA#�8M# ����R @< N A/  2�MDA+' |

   $8V 2��6�)��
�% ( ̂� ���%�   	� @� ��MD#�8- 
  �%� ��8S N/   �+%� � ,?� m� '  A/   %�AS %

    K�8+ �� �� 2�MD+' �$
   �#��6� %� ,"7 , .�/ �M# N/ <�& |   R�� k��P- '� �    �%"A&  A+    � �A���

 �� �6^/   �+ @+�#%� �$ �/%/ � ,/        �AVe @A< $8A	# @�8- ,�� N/ Z	� % A
   AE��' Q�A� ,   �A9�- �AZ� 

#	 �� ;%� @� %lj�+ �#�8-
�% ��� X"-
���� H�V �$ ��� T .  



                                                                            ������ � ��/, ���� ��� : $�4<= 9���> ?@ ?$%A�� BC=D  

  

  

 _`�

 � �'��#� 
%�      �� F�M?+ T&�%+ �$ $�	O#� @PK#  @#8	#   ���   5��%7 /   �+'� �$ @AM�� A/ ��!"

#
�Z+ yvMV� B��$ � $�$ 2�"# �� (F4, 38= 175.9; P<0.001) .�7
/%- N/  ����"A+ $�	O#� @PK# N

      a?- @�&%+ @� q8�%+ ���)_�/`±�/_�[  D�� @��$ 
*8 (  %-R�A� �/  %+ 2� N      @A�&%+ @A� q8A�

��
�%) ��/`±�/�[  D�� @��$ 
*8 (+ �� . � ��/  � $8�� N
  ��R T&�%+ N�)    aO�A7 NA�( �

7
 �� ]
�% �� �
�%     � '� T+�< ��%"& � /   �Z+ yvMV� %I# N ��$ �    ,���# $8�� )  TXA�

� .(  ����R $�	O#� @PK#�   N� � �+'� /��!"��/` ±�/�[  D�� @��$ 
 $8� *8    �A���R �� @< � 

 �6� 2�MD+'   N� 2��  ��� C	� �   cL '� ��� 
  �Z+ yvMV� ,Z ��$ �       $��# 2�"# $8V '� ��   �A+�

�
h
  � '� p/    yvV %�  �����R N ����R �    ��� C	� 2��6� 2�MD+' �   cL '� ��� 
�,Z   '� �A7 

   �+$ �- 2�� @��8+� _�[  2�� s� '� �Z� � ��#�	� ��#' ��MD#�8M# @��$ /- �2�� 0
 AX�� � �% 

   � '� � ���
 ��M�� N . � @�/ -%- N
    %I# @� i+    �A���R @< ����     � 2��6A� 2�MDA+'  A/    '� ,A�� N

o-�%M���    @� T	j- / �$' 0  �	# �$��M�� /�� .  L @< �%> %-$%� / ��+ N  ��      �A9#� 2�� $�	O#� @PK# 

�B��/  ]/      ���+$ �$ �#$8� �$�n ����R � ,��� �7 
/   � '� %- N/  # @PK# N
  �8V @� B  ��#�	� ��#'  . �$

^�&  ����R @< �   5��%7/  �+'� �$ @M��/   ��MD#�8M# ��!"/ �$' 0   �	# TA	j- �� 2�� s� /  � �A�

!	�  � '� 
 ��M�� N .  �$/X       � �$ @M�%� ��8S ��Z^�P+ $��Z+ '�  A/ +' N
      �8A�� �%A< �$ @A� 

(Kim and Kim, 1997)�� @< /# �R�K+ %
 �9�- ��#� �$8	# $��M�� 2� @� B/  ��$%A� @A#8	# ��cX� '� 

����R�   �B+ �$ Q�Z�    %9� �$ {�$��& @E/   67 ��8S ��+ �8/  �%���� � ,�%/     2�A� $�A	O#� @APK# N

����R�   L 2��6� 2�MD+'  ��+   ���   � �'��#� F�M?+ 
%�   =- �#�� � �"#  A


   ,A�$ @A� 2� ��%

#
�+� . ����R $�	O#� @PK# �8<6+ @Z^�P+ �$���� C	� �� @E�B+ '� ��� 
 N�[^�  �[  @A��$ 

D��
  + � *8
!#�
 $�	O#� @PK# N����R� N� ��+'�  A/��!"  $��A& �`[  DA�� @A��$ 
 *8

 $%� 5��B�/     h� @< �O#� '� � �
   �A��+$ �$ ��MD#�8M# �9#� '� p� �A7 
/N  � '� %A- A/   ��A#' @APK# N

      � �%"& 2�8�E @� ���=> ��8?�%� ���#�	��    @� *�D& / �$' 0 �%Z+  $%� /� .^�    *�A�� %� 

�/     %I# @� @Z^�P+ N+   @#8	# @< ���  ���  6� 2�MD+'  � 2��/    o-�%MA�� '� ,�� N�      @A� TA	j-  A/ 0

�$'   �%9� + �#%� .��/          @� *�D& ��%"& $�	O#� @PK# @< ,��$ @�8- �/ �$' 0    �$ {�A+8	E 

 ��+ Q8L  ���D� Q�� $%� 
�7 ��
/N  $��& �$ � %-_`[^�  �`[D�� @��$ 
 *8+    @AMc^� �A���

  V%� J���M�� @�         M& �9#� 2�� $�	O#� @PK# @< iPn N<�� ��%"&   �7 @� 
/    '� %- N�`[   @A��$ 
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  _`�

D��
# *8
 B+  ���(Somme, 1982) .� A/ ̂�A& �$ N   AL @A< ,A�� �  A/ A��%� N  Q8AL �$ �

%-$%�/ ��+ N  ��   � $�	O#� @PK# 
  N\[ ̂�  �[   $%� ,c� @��$ /� .        TA&�%+ $�A	O#� @APK# $�8+ �$

 ��� F�M?+� �M# /   � '� ��+� ,�$ @� |/ DA� @Z^�P+ N
  �AM# @��"A+ ��/   ;�AO#� @AZ^�P+ |  �$ ��A�

  �8�� �%< �8"< + ���� .   # �8<6+ @Z^�P+ �$
 � B
  ��R T&�%+ N� 7 �
 �� ]
�%  �A� �
�%  � 

   �Z+ yvMV� T+�< �%"& ��$ �       ̂� ,���# $8�� $�	O#� @PK# %I# '�      aA?- $�A	O#� @PK#    �A� 

D�
 �7 ��
/  N)�/_±�/�\[  D�� @��$
*8 ($8� .   %I# @�+   � @< ���/   D� $�	O#� @PK# N
 �7 ��
/ N

$ � �/   �� @� @�&%+ N/  a?- p>8< B  ��  ���� q8�%+  . � ��Z^�P+
B/X     �%r @< �$�$ 2�"# s� 
 ,

 $��$ �XE ,cD# @#8	# aO& �� s� 2�� $%�(Angell, 1982) .     �'��A#� @A� @A�8- �A� ��%"&

  K& �$ 2�"X>8<
 @MD� ,K  ���      ��	� @� s� p>8< + �/      TA+�8E �8�A& 2��A� Cn�� �$ � ��

   @MD� �^8+/  0[    @� @< ^�-�< 2�8�E
��B�� TX� ,9� 
%�%< / Q�MD/ T	E 0 A+ �	#/ �A�[  @A� 

-�e TX��%r 
   �$�AZ^� x8A� 2�� $%� ,(supercooling capacity) R�A� /  �A#��$ (Lee, 1989) .

@#8�  ��� V 
�    � p>8< /  V%� a?- �   ��%"& +   � 2��� ��#�8-/   @< N/   �+$ �- ��#B� 0� �g[ 

^� 3g[D�� @��$ 
 �#8� $%� *8(Somme, 1982) . � @A� A/-%- N A
 i A+   �A7 2�8A-
/  2$8A� N

!	">
�� @� ,cD# a?- $�	O#� @PK# %/��� T&�%+ %�� �$ �� /�8- ��Z^�P+ N
$8	# @ .  

    '� TS�& ;�%�8-�+�%<HPLC   <%- ��9> $8�� 
   �� �B<8�� �'8^��%- i
   ��8A� � Q�%D
 Q8M

  ����R �$ ���           ,V�A� �?"A+ ��A�=> ��8?�%� 2��6� 2�MD+' )   TXA�} .(   %A- Q���AM+/ N

<%-
  �AAb ��AcAA/�� 2��6AA� 2�MDAA+' ��%"AA& �$ 0AA
,AA�� ��AA� 5��BAA� '8^�AA�%- � Q�%D  

(Somme, 1964; Baust, 1973; Zachariassen, 1985) .� ��/<%- $8�� N
$ ��c/ %A!�#  A
  ��A�< �$ B

�AA/	�� Bu�AA& �$ NAA
 ,AA+ ��AA��� .   �AA���R �$ Q�AA�+ 2�8AA�E @AA��  �AA�� �%AA7 iAA� ��  

Plodia interpunctella Hübner ���
 '8^��%- � Q�%D(Naeemullah et al., 1999) � /����R �$ �� 

 �%�8�S ��8V @#�8�Choristoneura fumiferana (Clemens)�� �
%M	9+ Q�%D/<%- N
 i+  �����

(Han and Bauce, 1995)N� T+�< ��%"& �$ �+� Pyrrhocoris apterus L.    �Q8M
��8A� �Q8AM
c/� 


�
���� � Q8M
#�+Q8M (Kostal et al., 2001)�� �$ �
�% ���� �!+  A/  �aA�< @"Delia radicum L. �

��AA
�� �Q�%D/%M/�AA+ �B<8AA�� �Q8AAM/�8/'8�/ '8^�AA�%- � Q8M(Kostal and Simek, 1995) �$ � �

�AA���R�  �|#%AA� ��8AAV @n�AA� Chillo suppressalis Walker�� �AA
 '8^�AA�%- � B<8AA�� �Q�%D  
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(Atapour and Moharramipour, 2009)a9+ 2�8�E @�  %-/<%- N
   �Ab ��Ac A/  ̂8AX^8+ 2'� �A� 0 

�7
/  ����� $�8+ N/   �#� @M�%� ��%n  .           @A� TA	jM+ ��%"A& �$ ��8S %� �$ A/  A�$' 0 � � A/ N

<%-
  ��c  aD
#�)+ �	( ��    /��28h	� :      Q8A)^8+ ��AS�� �8K^�A� ]��(         @AO
M# �$ � s� ��A�

       %M)^� ��c� ��& �0/ Q�MD/%( �Z�8- Q�	M&� ]��(,
^�     N
t-�%A7 ��MV�A� � �%��A� ��A�   ��A�

                      '�%A� N
/�A7 ��A��+$ m/�%A� �$ Q8�A� aAO& ��& � J�"z 2�
+ '� s� NM��/ 2�/%� ]��(

 ̂�	M&� ��+�S   0/ '� ��#          0A/ TAj+ �$ )
#�A)+ ��+�S %
I# �$'     Q$�AZ- ;�AE �A�$'

,
^�%M)^�          ]��A( �� $�AO+ $�A	O#� � 2�� @^�MD/%( �Q8�� aO& 2�� #�%j� ��� A+   �A��$

(Bale, 2002)  .    0A/ @A� TA	jM+ ��%"A& �$ ��c
(%- N/� �( �8L @�     TA��n s� 2�BA
+ A�$'

     TAS�& �B	�� �8� � �$%( Q%M�( �� Q8�� �%
!�� 2�B
+ 2� Q�c#$ @� � $�	O#� ��%� *%M�$

0/ '� + ]��( �� �$'  ���$(Kostal et al., 2001).� @� /-%- N
   %AI# @A� i A+   � @A< �A�� A/ N

<%-
c     ��+ NM��6� %� ,"7 �$ ��  ���    ����R �$ Q�� $%� �       ��A�=> ��8A?�%� 2��6� 2�MD+' 

�B� @� ]K#/� �� /�	# ��/��.  

��%�  �� ,I�z 
  @#8	# �$ 2d8X   ��A�       @A#8	# � 2��6A� 2�MDA+'    ��A�    5��%A7 /   �$ @AM��

�+'�/    p	< �� ��!"     |�A� F
L ��!M�$UV-Vis       �8A+ Q8AL �$ ��`      6A7 ;�AO#� %M+8#�A# /,�% .

���R��   + %I# '� 2��6� 2�MD+' 
�� 2�B
� 2d8X
��+ N ����Z+ yvMV� ����� �- 2��� ��$ � �� 

 �#$�$ 2�"#(F4, 14= 8.54; P<0.01).+ 
�� 2�B
%-R�� ��+ 2��� �$ 2d8X/  @A#8	# �$ �� ,AI�z N  �A� 

   $8� ���$)g�/ ±�/ 3 + 
� ;%�  (��+ ��� ���$ � �e� ��Z+ yvMV� ��$ �   ���AK+ �A+� ,A���#  

      �7 @� ��+ ������ N	9� �$ 2�
/ %- N/ A�� $8V �& N
 �) -%- @A� A
if/g ±�/� � �/g±�/}+ 
 A� 

;%� (  ��+ �� �  ����Z+ yvMV� �e� � 2���  $�$ 2�"# ��$ ) TX��.(   A� ]��A< @� @�8- ��
 '� ]

fg �S�$ � �� 
    %I# @� 2d8X+   � @< ���/ <%- N
  %M	9+ '� i/  +~- C���+ N
 d%#� N� <%- � 
  ��Ac

  �b/0   ̂8X^8+ 2'� ��  �7 
/  N+ ���� .+
 �Ve ]��< 2�/�� %
   ��A+ NA	9� �- �+$ ]��< � 2d8X

#�8?	�           �B�� $8�� �� ��+ ����� � N	9� �$ �+� ,��$ $8�� / %K- ]/c  �A+$ �  Aj+ 
 + �m A
 2�B

��
    ]��< 2��h	� 2d8X/,�� .�/    �� @^~D+ N+  �> 2�8-
 �8- N
         �%"A& @A< �O#� '� @< $8	# @

   ' '�� �$ 2��h	� #��6� 2�MD+   6=- � ,�� /@ ��   � '� �$���# /       �AVe @A< ,�� NX	+ ,��� N/ %

��
 +~- �8I�+ @� '8�� 2d8X
d%#� N� � /<%- �
 �b ��c/ 0)    ���+%A� �A� 2�A� @A��8+ ,9�� 
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#�9��# � 2�MD+' %V����$ /��� �/��9� T (���� 2�� y%l+ Q�& �$ .  

�>
  !	"> ]��< N
%�      V%� �$ �+$ ,�� 2�+' �$   $ ��%"& / # %!
   ,�� ��� 5��B� B .

�%
�� �$ Q��+ 2�8�E @�  ���Hyphantria cunea Drury  (Li et al., 2001) �Mamestra brassicaeL. 

(Ding et al., 2003) �  A/ �A���R �� Enosima leucotaeniella (Ragonot) (Goto et al., 1998) 

 + �+$ ]��< �� 2�+B	�
�� 2�B
# 2d8X
!	"> ]��< B
%� / @M��� ���< �$ � A/ + ]��A< N A
 2�B

   %M	9+ 2�8�E @� '8^��%-/ <%- N A
    �Ab i A/  �BA�� 0/  A�Z+ ] ��$ �  ,A��$  .     %AI# @A� A+   �A��

B#�/a  /�� I# 
 �� %
 �8�D� 2d8X/ <�B!� �'v
<8M<�%�8�D� � '��
�c- � ]��< �$ '��/ �AVe T/ %

��
  <%- @� 2d8X
   �Ab ��Ac/?   �� 28Ah	�  A
       A���� ]AK# '8^�A�%- � Q�%D � �� / �	# �A�/ A� �  

(Storey and Storey, 1988) . �� @AAM�%� ��8AAS ��AAZ^�P+ �$�   |#%AA� ��8AAV @��AA� ;%AA<   

(C. suppressalis)�� @< ,�� ��� �?"+ 
%M	9+ 2�8�E @� 2d8X/  �BA�� CAc�+ N/�� ] A
 Q�%D

L��+  ���    TA	E Q�A� $%A�  A+  �A�<) Goto et al., 2001; Atapour et al., 2008; Atapour and 

Moharramipour, 2009( .Kj-
�� @M�%� ��8S ��K�B#� /a ���� �$ Q�Z� /�%� N/ �$�$ 2�"# ��

   �Ve ]��< @< �#�/ �� %
   �BA�� �2� i���- @� � 2d8X/�� ] A
    a/BA#� 2�A� Q�AZ� �A� Q�%D   ��A�

          �A
��^� %D
�� {�S8lV �'�MM�� Q�%D
�� � 'v/�8�D� 2d8)
��[ 3[        Q�AZ� %A
z � �'�-��DA� 

  '8AM(�%� a/B#� 2��[  � \[  A� A�   ,A�� ��%A	� '�-��D) Tsumuki and Kanehisa, 1980a,b;  

Li et al., 2002( .  

+
 �� 2�B
 L 2d8X   �� F�M?+ T&�%+  @#8	#   ���   5��%7 /  �+'� �$ @M��/ # ��!"
   �8L @� B

�Z+��$ �=- 

 $8	# %(F3, 15= 18.8; P<0.001) .� �$
   ���$ TA+�< ��%"A& �FA�M?+ T&�%+ N� 

%M	</ + N
 �� 2�B
  2d8X)3f/g±}/3 + 
� ;%�  (  �A� �
�%   �A� ���$ �  %-R�A� /+ N A
 2�B)f/ ±\/ \ 

+
� ;%�  (  �#$8�)  TX�\ .(   %I# @�+     �BA�� ,A�E ���/ �� ]
     ��R @A�&%+ '� 2d8AX�  A7 �
 ]

��
�%  �9# � /{�M �� 
�% # 
    � @� �%"& ;%c+ '�/ �Ve N/     ���� T+�< �%"& 2���$ �$ % .    �A� @< �%>

    + R�	M&� �T+�< ��%"& �89r
 �� 2�BR/  �Ve '� / �� %
  �%� ,9� 2d8X/ ���A�� ̂8-  A
  A��+ �  � 

{�S8lV � /M     	� @� � ��� y%l+ B#d8�
   �� ���K+ ,�E N
    �7 T+�< �%"& �$ 2d8X
/  N A+ � A/ �

(Nation, 2002) .  
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Fig. 1. Monthly mean of minimum temperature and the lowest  

recorded temperature from July 2008 to July 2009 

  

  

  

  

 OP>SR����R 2�� $�	O#� @PK# � 2�MD+' ��8?�%� 2��6� ����=> S. exigua ��+ L  ����� �- 2��� ���

 Q������ .�Z+ yvMV� $8�� ;�E ����$ 2�"# @��"+ y�%&  �$ ��$ YP���$ �S�$ 28+'�  Tukey + ����  
Fig. 2. Supercooling points (SCPs) of the overwintering larvae of beet armyworm, S. exigua  

from November 2008 to March 2009. Values labeled with the same letters are  

not significantly different at the 5% level by Tukey’s test after ANOVA 

  

  

  

OP> CR��8?�%� ;%< 2�� $�	O#� @PK#   5��%7 ���=>/�+'� �$ @M��/L ��!"�� F�M?+ T&�%+  . y�%&

 YP� �$ ��$ �Z+ yvMV� $8�� ;�E ����$ 2�"# @��"+� 28+'� �$ �S�$ Tukey+  ����  
Fig. 3. Supercooling points (SCPs) of the lab reared beet armyworm during different  

stages. Values labeled with the same letters are not significantly  

different at the 5% level by Tukey
,
s test after ANOVA. 
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OP> TR ;�%�8-�+�%( HPLC  �$ $8�8+ 0/ �b ��c
(%- �'����� @� q8�%+ / '� @#8	# p  

 N� ��R��8?�%� 2��6� 2�MD+' ��� C	� ���=> ��$ �$ ��� � ��+ ���� 

Fig. 4. HPLC chromatogram of cryoprotectant sepration in a sapmle of the  

overwintering 5
th
 instar larvae of beet armyworm collected in January 2009 

 

  

  

 OP>UR�=> ��8?�%� ;%( 2��6� 2�MD+' �����R �$ 2d8)
�� ,I�z ��%

=-  Q�� ����� �- 2��� '� ������ .

 YP� �$ ��$ �Z+ yvMV� $8�� ;�E ����$ 2�"# @��"+ y�%&� �$ �S�$  28+'�Tukey+  ����  
Fig. 5. Glycogen content changes in the overwintering larvae of beet armyworm from  

November 2008 to March 2009. Values labeled with the same letters are not  

significantly different at the 5% level by Tukey’s test after ANOVA 

 

  

  

  

 OP>VR�� F�M?+ T&�%+ 2d8)
�� ,I�z ��%

=-  5��%7 ���=> ��8?�%� ;%( /�+'� �$ @M��/��!" . y�%&

�Z+ yvMV� $8�� ;�E ����$ 2�"# @��"+  YP� �$ ��$� 28+'� �$ �S�$ Tukey+  ����  
Fig. 6. Glycogen content changes in the different stages of the lab reared beet armyworm.  

Values labeled with the same letters are not significantly different  

at the 5% level by Tukey’s test after ANOVA 
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 8� '�� $ /    �� ��8S @� �%"& @h#��> %!
 $��� �%  #��6A� 2�MDA+' '��  � aA� $$%A�  A/ N

�Ve/    +~- Cc�+ 2�8�E @� %
 d%#� N�  # � 
 �B�� B/ <%- ]
   �b ��c/   ̂8X^8+ 2'� �� 0  �A7 
/  DA� N
 ��

 # $�8+
 ��MD� '� . � %����/   !	"> 2$8� R�� N
    �� @�8- T��n � %
  �� �$ 2d8X
�%  �� +   ]K# �#�8-

%�8+� �%� �   #��6� 2�MD+' @�&%+  � /   ���� @M��$ ,�� N .      #��6A� 2�MD+' @< �O#� '� {�S8lV 

��
�%  ��   @#�V TV�$ �$   ��� ��    ;�O#� + �
   � �$ �%"& $%/     � %I# '� @> @�&%+ N
B/d8^8/X  � 

   �%� %I# '� @>/ j+ m
P     #��6� 2�MD+' ,9� ��!���7 �     %- �$�+� +    � '� � ���� A/   ,A��� N

     #��6� 2�MD+' C���+ %�<� �$ @<    �� ��8S @� 2� 
  ��� 5��B� �% ,��  .  � �$ @>%��/  @Z^�P+ N

    � @h#��> @< �� �?"+/  # ��R ;%A� @� �%"& N A
  #��6A� 2�MDA+' B�	#  A/   �AVe aA� '�A� �/ %

��
    �B�� $8V �$ �� 2d8X/  ]+ ��$ .+
 �� 2�B
  ����R �$ 2d8X�   N� �   ��� CA	� �    �$ ��A� 

   ��+ 2���)g�/ ±�/ 3 + 
�  ;%A� (    �A���R �A� �    NA� � �+'�  A/��!" ) f/ ±�/f + 
 A�  ;%A�  (

{v+�< yvMV��Z+ ��$ � ,��$ (F1, 7= 16.57; P<0.001) .   {�A+8	E ��%"A& @A< �O#� '�  '� TAcn 

    #��6� 2�MD+' '�� @� $���  =- T	jM+ 

 � ��%
B/d8^8/X 9+ 	  +         ,"A7 �$ �� �A9#� @< �#8�

� NM��6� %�/ ���$ N/��� + �	#/ �(Kostal, 2006)  %AI# @� � A+    �BA�� @A< �A��/ {�$��A& ] _ 

��%�%� �Ve / �� %
   �A���R �$ 2d8X�              �A���R @A� ,cDA# ��A�=> ��8A?�%� 2��6A� 2�MDA+' � 

�+'�/��!" # 
  B/X  %M	9+ '� / � N/ =- N

      ��+ w�%� '� Tcn @< ���� ��%   ��A�      �%"A& �$ $%A� 

�B��/  ]/     � Q8L �$ R�	M&� � @M��/ ��+ N  ��    �c- � ]��< �� /   <%- @� $8V T
   �Ab ��c A/  2'� �A� 0

^8X^8+ �7 
/  # � N
 +~- B
 d%#� N�         p	< 2�MD+' Tl� �$ �%"& J�K� @� + ��<.  � �� /   @� $8�� N

  %I#+     � ��Z^�P+ ;�O#� @< ���
   +' �$ {�S8lV %M"
 ��%� @�  M?A��+%�      �A��+$ �$ ,A�� � 

�7
/      $�	O#� @PK# '� %- N)  Q��+ 2�8�E @� �[ D�� @��$
*8 (#R8L ��+ @�  %-)  �A�> Tn��&

^� �} ,E��  (  I# ��9r� ,9� ZPn %   o-�%M�� $�8+ �$ �    #��6A� 2�MDA+'      �A��� ;'R ,A��  .

�h	�
  7 ,9� N   %M	9+ @� 2$%� / <%- N
   �b i/   =- �#�� � 0

 � ��%/ <%- N
 L ��c ��+    ��A� 

  T+�< ��Z^�P+ $%� %-� �� /MD  � ;�O#� 
$% .+�
   	X- ��Z^�P+ ,�� �
�  � �$ / +' N
 ��+ @�
  � ,

!#8!>#��6� 2�MD+' ���=> ��8?�%� ;%< �%� T+�< �8L @� �� �$'�� N��� �+ ∗.  

                                                           
∗ ��$���*� ���+�: +%j+ �
Z� %M($ � �87�PE a/%+ %M($  ��87�!"#�$�  ��'���"( ��)"#�$ �*��+ ,
�%-

���� �%"& ��%� MD7 x���S ��'���"( ���[�����2�%/� �2�%9- �. 



��6��7 � �"�5" ��6 :����� �� �	�
�� ����� � ������ ���� ������� ����� �� !"# ���  ���-...  

  

  

  _��

W��%"  
 

ANGELL, C. A. 1982. Supercooled water. In: Franks, F. (ed.), Water, a comprehensive 

treatise. Plenum Press, New York. pp. 1-82. 

ATAPOUR, M. and S. MOHARRAMIPOUR, 2009. Changes of Cold hardiness, 

Supercooling Capacity and Major Cryoprotectants in Overwintering Larvae of the Rice 

Stem Borer, Chilo suppressalis Walker (Lepidoptera: Pyralidae). Environ. Entomol. 38 

(1): 260-265. 

ATAPOUR, M., S. MOHARRAMIPOUR, B. BARZEGAR and A. KHANI, 2008. Some 

cryoprotectants of overwintering larvae of rice stem borer, Chilo suppressalis Walker 

(Lepidoptera: Pyralidae) in north parts of Iran. Appl. Ent. Phytopath. 75 (2): 27-38. (In 

Persian with English summary) 

BALE, J. S. 1987. Insect cold hardiness: Freezing and supercooling. An ecophysiological 

perspective. J. Insect  Physiol. 35: 291-298. 

BALE, J. S. 2002. Insects and low temperatures: from molecular biology to distributions and 

abundance. Philos. T. Roy. Soc. 357 (B): 849- 862. 

BAUST, J. G. 1973. Mechanisms of cryoprotection in freezing tolerant animal systems. 

Cryobiology. 10: 197– 205. 

BUTLER, J. and T. J. HENNEBERRY, 1990. Cottonseed oil and safer insecticidal soap: 

effects on cotton and vegetable pests and phytotoxicity. Southwest. Entomol. 15:257-

264.  

CAPINERA, J. L. 2001. Handbook of vegetable pests. Academic Press, San Diego. 729 pp. 

DENLINGER, D. L. 1991. Relationship between cold hardiness and diapause. In: Lee, R. E. 

and D. L. Denlinger (eds.), Insect at Low Temperature, Chapman and Hall, New York. 

pp. 174- 198. 

DENLINGER, D. L. 2002. Regulation of diapause. Annu. Rev. Entomol. 47: 93-122.  

DING, L., Y. LI and M. GOTO, 2003. Physiological and biochemical changes in summer and 

winter diapause and non-diapause pupae of the cabbage armyworm, Mamestra 

brassicae L. during long-term cold acclimation. J. Insect Physiol. 49: 1153-1159. 

GOTO, M., M. FUJII, K. SUZUKI and M. SAKAI, 1998. Factors affecting carbohydrate and 

free amino acid content in overwintering larvae of Enosima leucotaeniella. J. Insect 

Physiol. 44 (1): 87-94. 



                                                                            ������ � ��/, ���� ��� : $�4<= 9���> ?@ ?$%A�� BC=D  

  

  

 _��

GOTO, M., Y. LI and T. HONMA, 2001. Changes of diapause and cold hardiness in the 

shonai ecotype larvae of the rice stem borer, Chilo suppressalis Walker during 

overwintering. Jpn. J. Appl. Entomol. Z. 36(3): 323-328. 

HAN, E. N. and E. BOUCE, 1995. Glycerol synthesis by diapausing larvae in response to the 

timing of low temperature, and implications for overwintering survival of the spruce 

budworm, Choristoneura fumiferana. J. Insect Physiol. 41 (11): 981-985.  

KHANJANI, M. 2006. Vegetable pests in Iran. Bu-Ali Sina University Publication, 2nd 

Edition. 467 pp. (in Persian). 

KHEIRI, M. 1976. Investigation on outbreak on the beet armyworm Spodoptera exigua Hb. 

(Lep.: Noctuidae). Ent. Phytopath. Appl. 42: 1-15. (In Persian with English summary). 

KIM, Y. and N. KIM, 1997. Cold hardiness in Spodoptera exigua (Lepidoptera: Noctuidae). 

Physiol. Chem. Ecol. 26 (5): 1117-1123. 

KOSTAL, V. 2006. Eco-physiological phases of insect diapause. J. Insect Physiol.52: 113-

127. 

KOSTAL, V. and P. SIMEK, 1995. Dynamics of cold hardiness. Supercooling and 

cryoprotectants in diapausing and non-diapausing pupae of the cabbage root fly, Delia 

radicum L. J. Insect Physiol. 41 (7): 627-637. 

KOSTAL, V., M. SLACHTA and P. SIMEK, 2001. Cryoprotective role of polyols 

independent of the increase in supercooling capacity in diapausing adults of 

Pyrrhocoris apterus (Heteroptera: Insecta). J. Insect Physiol. 130(B): 365-374 

LAYNE, J. R. and D. K. KUHARSKY, 2000. Effects of prolonged freezing and supercooling 

on body composition, puparation, and adult emergence of Eurosta solidaginis. Environ. 

Entomol. 30 (1): 12- 16. 

LEE, R. E. 1989. Insect cold-hardiness: to freeze or not to freeze?. Bioscience. 39: 308-313. 

LEE, R. E. and D. L. DENLINGER, 1991. Insects at Low Temperature. Chapman and Hall, 

New York. 513 pp. 

LEE, R. E. 1989. Insect cold-hardiness: to freeze or not to freeze?. Bioscience. 39: 308-313.    

LI, Y. P., M. GOTO, L. DING and H. TSUMUKI, 2002. Diapause development and 

acclimation regulation enzymes associated with glycerol synthsis of the shonai ecotype 

of the rice stem borer larva, Chilo suppressalis Walker. J. Insect Physiol. 48: 303-310. 

LI, Y-P., M. GOTO, S. ITO, Y. SATO, K. SASAKI and N. GOTO, 2001. Physiology of 

diapause and cold hardiness in the overwintering pupae of the fall webworm 



��6��7 � �"�5" ��6 :����� �� �	�
�� ����� � ������ ���� ������� ����� �� !"# ���  ���-...  

  

  

  _��

Hyphantria cunea in Japan. J. Insect Physiol. 47: 1181-1187. 

MIKKOLA, K. 1970. The interpretation of long-range migrations of Spodoptera exigua Hb. 

(Lepidoptera: Noctuidae). J. Anim. Ecol. 39: 593-598. 

NAEEMULLAH, M., K. TANAKA, H. TSUMUKI and M. TAKEDA, 1999. Relationship of 

cold tolerance to developmental determination in the Indian meal moth, Plodia 

interpunctella. Jpn. J. Appl. Entomol. Z. 34(2): 267-276 .  

NATION, J. L. 2002. Insect physiology and biochemistry. CRC Press, New York, USA,  

485 pp. 

NEVEN, L. G. 1999. Cold hardiness adaptation of codling moth, Cydia pomonella. 

Cryobiology. 38: 43-50. 

PULLIN, A. S. and J. S. BALE, 1989. Effects of low temperature on diapausing  

Aglais urticae and Inachis io (Lepidoptera: Nymphalidae): overwintering physiology. J. 

Insect Physiol. 35: 283-290. 

SOMME, L. 1964. Effects of glycerol on cold hardiness in insects. Can. J. Zool. 42: 89– 101. 

SOMME, L. 1982. Supercooling and winter survival in terresterial arthropods. Biochem. 

Physiol. 73(A): 519-543. 

STOREY, K. B. and J. M. STOREY, 1988. Freeze tolerance in animals. J. Insect Physiol. 68: 

27-84. 

TINGLE, F. C. and E. R. MITCHELL, 1977. Seasonal populations of armyworms and 

loopers at Hastings, Florida. Fla. Entomol. 60: 115- 122. 

TSUMUKI, H. and K. KANEHISA, 1980a. Changes in enzyme activities related to glycerol 

synthesis in hibernating larvae of the rice stem borer, Chilo suppressalis. Jpn. J.  Appl. 

Entomol. Z. 15(3): 285-292. 

TSUMUKI, H. and K. KANEHISA, 1980b. Enzyme activities associated with glycogen 

metabolism in diapausing and developing larvae of the rice stem borer Chilo 

suppressalis (Walker). Jpn. J. Appl. Entomol. Z. 18: 31-41. 

ZACHARIASSEN, K. E. 1985. Physiology of cold tolerance in insects. Physiol. Rev. 65: 

799– 832. 

 

 

Address of the authors: Dr. M. ATAPOUR and Dr. S. MOHARRAMIPOUR, 

Department of Entomology, Faculty of Agriculture, Tarbiat Modares University. P. O. Box: 

14115-336, Tehran, Iran. 


