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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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 67 ;�O#�/,�%. @#8	#   ��      cL '� ��� C	� ��%"& T+�� 
  ,Z)   �A���R ��8S @��    %AV� NA�  (

L
 ��+   ���     @#8	# � ����� �- 2���   ���   5��%7 / �+'� @M��/��!"
     NA� ��R �a?- T&�%+ �$ � �

7
 �� ]
  ��%��
     !	� @< T+�< �%"& � �%
 �$ / ��M��$ ��%n N� p
+ �#��.  � @A� A/ �8AI�+ N 

%!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 .  
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 � �'��#� 
%�      �� 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
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Fig. 1. Monthly mean of minimum temperature and the lowest  

recorded temperature from July 2008 to July 2009 
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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 
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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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Fig. 4. HPLC chromatogram of cryoprotectant sepration in a sapmle of the  

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