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Association of cold acclimation with freezing tolerance in the beet armyworm, 

Spodoptera exigua (Lepidoptera: Noctuidae) 
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Abstract 

The beet armyworm, Spodoptera exigua (Hubner), is one of the most important pests of 

sugar beet that overwinter as mature larvae or pupae in the soil. In this research, the influence 

of cold acclimation in full-grown larvae and tolerance at temperatures below their body 

supercooling point (SCP) was studied. Moreover, the influence of soil humidity was 

investigated on temperature that pest may expose. After six different temperature treatments 

on lab-reared mature larvae, cold tolerance of the larvae was measured under two different 

programs executed on them. In the first program, larvae were acclimated by cooling rate of 

1°C/min and reached to -5°C or -15 °C, for 24h then it was raised to +25°C. During second 

program the temperature was decreased with much lower cooling rate (0.01°C /min) to -15°C 

and kept for 2h then it was increased again to +25°C. These two temperature programs were 

also performed on different soil humidity (dry, humid and humid covered with an ice layer). 

The results showed that these pest larvae will only be able to tolerate -15°C when they were 

acclimated with slow cooling rate to reach below their SCP. These findings indicated that 

cold acclimation at sub-zero may induce expression of freezing tolerance in these larvae. It 

was shown that humid soils especially those covered with an ice layer, are more resistant 

against temperature decreasing rather than dry soils and could play an important role in the 

cold-hardiness strategy and mortality of this pest under low temperatures. 

Key words: beet army worm, cold hardiness, cold acclimation, freezing tolerance, 

supercooling point 
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��G���# .�-   :- �#�� 27�>
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!#7!; %G8� I�$ ,8� ,�� B��7+ 2� �� I�J �$ �%"&$$%� A��� �+%� B� F	P-  .  
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*7    ��@��� ���$ � /    ��@-7> '�� 

�#�� FSG�+. 

�\ -
 =7� ��	 :����D�     B> ?R�6 A�  �+$ �$� g�  H�� B��$
*7   ��@��� ���$ � / '�� 
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)�+$/      ����D 2�� $�	R#� BOS# '� %-D��  (  � [\    H@�� B@��$ 
  *7) �@+$/  �@6 
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  ?R& [ �
+     �� �$�$ ��%C %G
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+ / ���(Sinclair, 2001; Sinclair et al., 2003). �+$ �8�- B> =�$ B+�#%� �$� ��\H�� B��$ 
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    M� �� �%�� 2� �$  � %� /        �%� �2�� $%� ,Y%� V��> �� B> $7� A/O  �%� B��"+ / fT l
 @M 

f�
B '��� $$%�  . � B�/ -%- A
  �+$ B> n�    '� ��!G�$ g� + H�� B��$
  �+$ �- *7�     B@��$ %�@E 

H��
    ,Y%� �� *7�/�  H�� B��$ 
  C$ �$ *7
   V��> BS/ �+� ,��         ,Y%@� �� �+$ 2� '� W6 � 

 H�� B��$
     �- ,Y�� �$ *7��\  H�� B��$ 
   V��> *7/,�� . B#7	# W��   �@� g    �$ ,Y�@� 
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 gg�

            ,Y%� �� 2� '� W6 � �#�� BG��$ B!# �+$ 2�g/�   H@�� B��$ 
  C$ �$ *7
     �@+$ �@- B@S� g� +

 H�� B��$
 �d�� *7/  V/,�� .         � B@� ����D 2$7� ��#' �/ � �$%+ A

M- B( ,�� %(o B� ='D @/ A

       '� W6 B> ,�%� =�R#� ��7Eg  ����D ,Y�� /:- ��;$ B> 

   ���$ � �@#$7� ��"@# �@#� %� 

r �$ � ��#' 2�7�Y B� �#$7� ,>%&
� %/ �#�+� b�H& B� �$%+ ��7E A(Goto et al., 2001).  

  C�D E�? �F� : M- ,8�

 !#7!; A :- 

 �+$ %�     �+$ V��> 2�+' �$ I�J �    w7# B� ��7� 

   �c"J I�J F+�� I�J      $��& ,�7T� �� I�J ��    �7T%+ I�J � ��E�$      ,@�7T� 2�	� �� 

fH# ��     �� �+� �E�$ / D c/   V�76 B/     %OC B� a�$��& 0g G#��        B#�7G@�� |�%} FJ�$ �$ %G+

��� /  F@)
# W�� '� %!H& � �#�� BG<\     �@+$ ��@��( ,@fQ =%@( (Testo, model 177-T4) �$ 

     m	Y �$ I�J FJ�$� G#��  %G+�   � �$�$ ��%C � .       $%@� ��!G@�$ F@J�$ �$ |�%}    F@��C ��@��(

B+�#%� �/d�   �#�� �$�$ ��%C  ./     �+$ ,fQ ,8� ?� %!H& c� P+ 
      �$�$ ��%C ��!G�$ FJ�$ �$ l

�+$ � ���P+ 
�+$ � l��+$ B+�#%� ,P- I�J w7# B� /$%� ,fQ =�$ B+�#%� � Z�� /� . 

  

G?(H
I�� �   

  �fC BMN�O+ �$    �� %� ��� =�R#� � ����D � t	�  ����   fT '� ��� 
     2�@� $�	R#� BOS# �,M

       ��- B� ��+ ����� �- 2��� '� ����D/ �d�� e/  V/  ,��)  '� �\    �@- �\    H@�� B@��$ 
*7 (   B@OS# �

 ����D $�	R#��     4��%6 ?R�6 A� /  �+'� �$ BG��/ # ��!"
   $��& d[/�\    H@�� B@��$ 
  $7@� *7 

(Atapour and Moharramipour, 2011) .-�7E �$ �+�	R#� BOS# B> B#7	# $�  �@���+'�  @/��!" 

 - B>
����	� �+%� /  � B��"+  @/ �� B@MN�O+ A @/    '� �$7@� ��@� =�@R#� 2�"[/�\  B@� [/�\  B@��$ 

H��
 �� *7
� . � B�/ -%- A @
    �@���D ?@� n�   ��� t@	� �    fT '� ��@� 
    �@���D ?@� � ,@M� 

�+'�/��!"  �� �$ /���/  ���+$ �� � �6 
/ B� F	PG+ ��%"& B��"+ A @/ @�$' 0   $�@	R#� B@OS# 

J  �d�� �� $7/ �#$�$ V .   + B� B�7- ��
!#�
      �@���D 2�@� $�	R#� BOS# A� �+'�  @/��!"    �$ ���@� 

BG�5� BMN�O+ (Atapour and Moharramipour, 2011)�+$ �� [\H�� B��$ 
�+$ 2�7�Y B� *7/ 

   �+$ � $�	R#� BOS# '� %-D���  [\H�� B��$ 
�+$ 2�7�Y B� *7/  �7@U�+ $�	R#� BOS# '� %G	> 

$%�/�.  
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 �)JJ59K   ���@@� ?R�@@6 A@@� ��@@���D ��@@S� �@@E�$(control)- � 
  ���@@�:; ��7@@<�%� =%@@> ��@@� ��@@	  

Spodoptera exiguaZ�� B+�#%� �$  : �+$ V��> ,Y%�°C/min    ��@+$ �- [\  H@�� B@��$ 
 �*7�]  �$ ,Y�@� 

 ��+$[\�d�� W�� /��+$ B� V�[  +H�� B��$
=�$ B+�#%� � *7 :   �@+$ V��@> ,Y%�°C/min _ /_   ��@+$ �@- 

 [\  H�� B��$ 
   � *7�  ��+$ �$ ,Y��  [\�d�� W�� /��+$ B� V�[ +  H@�� B@��$
*7 .�
h @
  �@���D '� c

 ��+$ ��GH#�7G# [\H�� B��$ 
 B+�#%� �$ �� *7 ���> F	P- .  
Fig. 1. Percent survival of control and treated 5th larvae of the beet army worm, Spodoptera exigua 

in program 1: cooling rate of 1 °C/min to -5 °C, remained in -5°C for 24 h then increased to +25 °C and 

program 2: cooling rate of 0.01 °C/ min to -15°C, remained in -15°C for 2 h then increased to +25 °C. 

Any larvae could survive -15 °C in program 1. 

  

�+'�/  V  �+%� B� F	P-         B+�#%� nN�r �$ �8�- ,H<# =�� �$  ) �+%� �$ �� �%"&   ,Y%@�

�  H�� B��$ 
  C$ �$ *7
BS (   �+� �$ �%�� B� .����D�      �@��+$ F	P- B� �$�C ���� � [\  �  [\ 

 H�� B��$
    ��+ �$ *7�]    !	� � �$7f# ,Y��   � '� 
 ��G�� A . � B�/ -%- A
     �@� i<"@+ n

 ����D B>� �+'� /��!" #	  ���+$ ��#�7-� ' /    �6 B; �B��$ %�E %
/A         B@OS# '� %-D�@� B; � %-

      ��+ B� �� $7J $�	R#��]   ���> F	P- ,Y��  .  �� $�7+ �$/ - %
 ����D �����	�   - B� m�MG+ 
 ��	

  - � Z��
����D F+�� �$ %� B> ?"� ��	/  �@+$ �$ Z�� A@� '� B> �#$7� �  [  ���$ � B@��$ 

�����/ 4��%6 ��-7> '�� /� ��GH#�7- ��#$7� BG� __�+$ �E�$ � [\���> F	P- �� B��$ .  
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  �)57K �S+ /       V@�76 �� b7T%+ I�J 2�	� � b7T%+ I�J �c"J I�J ��+$ BH @/   V��@> 2�@+' �$ 0

 P+ ��+$
   Z�� B+�#%� ,P- l :    �+$ V��> ,Y%�°C/min      ��+$ �-  [\     �d�� B�E��u� W�� � B��$ /   ��+$ �- V
�[+H�� B��$ 
 *7)A (=�$ B+�#%� � : �+$ V��> ,Y%�°C/min _ /_ ��+$ �-  [\H�� B��$ 
 �*7� ,Y�� 

 ��+$ �$ [\�d�� W�� /��+$ B� V�[ +H�� B��$
 *7(B)  . 

Fig. 2. Comparison between temperature of the dry soil, wet soil and same wet soil covered with an 

ice layer during decreasing of ambient temperature under program 1: cooling rate of 1 °C/min to -15°C, 

then immediately increased to +25 °C (A) and program 2: cooling rate of 0.01 °C/min to -15 °C, 

remained in -15 °C for 2 h then increased to +25°C (B). 
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 � �+�
� /  - '� c
�	����     �+$ ��GH#�7G# ?"� �- Z�� �  [\  H�� B��$ 
   ��+ B� �� *7�] 

  �	# F	P- ,Y��/  !	� � ��    �#�� X�- )  FL�  .(�/ �$�$ A  ��    ����D B> �#$�$ 2�"# �   �+%@� 

$/  � B� ��/ �8#� �j/   �+$ �$ B> �  [  H�� B��$ 
   4��%6 *7/    �+$ �$ �#�$�C �#$7� BG���  %-D�� 

     2�� $�	R#� BOS# '�)�+$� [\$ H�� B��
*7 (� �+� ��#�	� ��#'
�  /# c	 �+$ ��#�7-/�6 
/ A

     $�	R#� BOS# '� %-)�+$�  [\  H�� B��$ 
*7 (  ���> F	P- �� . � ��/       ��@+� � ��@YuT� $7�� A

 �����7� 2�+'��     2�G�� B> $%> i<"+ �7">   ��  ��%8� � � ,P-     � B� ���:; ,"> /  �8#� �j

  &�7# �$ B> N�	�  �%r �   C%� Z�	� � �  �%r �     � � �#� BG�%� ��%C /      @� �@R#� �$ ,�� A
 w7

�
%G"�     ���+$ �� BN�� B	� �$��$ � H� 
 �6 ��
/�    ��GH� B��7+ 2�GH+' �$  .     e�@6 Z�@q+ 2�7@�Y B@�

  ���o� �2���%J 2�G��/ �%r 2�R �dC �/ �$�� �A
  ���o� � F/ C%� 2�R 2�G��   ��/   %S- B> ��GH� / a�f

�
%G"/       ��7E �8#� �$ ���:; ,"> A+ �
  � � $%/    a�$��& mT��+ A�[    �@- �_       �@� Z�@� '� '�� 

���+$� ]\H�� B��$ 
 � *7/ ��GH� B��7+ %G	> �)IMO, 2010 .(�h	�
 FC��& B� B�7- �� A

�+$�    � �$ ��� ,fQ / 2�G�� A  �� # 
   i<"+ d+      �@���D B@> $7@�� �  @/    fT �$ ,@�� A
    �@� ,@M

���+$� �6 
/B��7+ ����� � ����� $7J $�	R#� BOS# '� %- A +  � �#7�+ � ��#�7-/�%� A/  �@� �� l

S�7+
    �7T B� �#��5!� %� ,"6 ,/$�� $��& �$ BN�� B	� BL/   � �� Z�� FH@# ��@+ ,"@8f/  $�@R

+ ���> . G# �$
   � t�� ,8� BR/    B+�#%� =�8�� A� &�%T       � %-�@�> �+$ V��> �#�� 2� �$ B> �� 

 $��& �-�  �%� B��"+ / fT l
M $7�  . � ,P-/  # B+�#%� A
 ����D d�   ����D � ���� �    B@� y7�%+ 

-
����	�  � '�  ?R�6 �- Z�� 
 lS� � ��G�� A�_����D �E�$ � - B@� m�MG+ 
   ��GH@#�7G	"� ��@	

 ��#�	� ��#' .�/ �G# A/  �7J B� e   � ����$ 2�"# / MC�� A
            ��@+ � �@+$ V��@> ,Y%@� B> $7� ,

    ���+$ �� 2�� B��7+ 2�+'��6 
/    + �$ 2�@� $�@	R#� B@OS# '� %@- A @
   �@���D 2�@#�+ ��@#' 2�d� 

   H� VS# ���:; ��7<�%�
 M- ��

  � ����> A�        D�� ,Y%� �� �+$ Bh#��; � $��$ �� /   V��> /  �@��

  �%� ����D ��   #D7T 2�+' ��+   ���+$ �� � �6 
/            X@�- ��@��� B@��7+ 2�� $�	R#� BOS# '� %- A

 �� ����7J . �$ BGL#+   � B>/ �+'� A/   � ,J�� A��� V/     @G& B@> $7� A   �$     V��@> ��7@E

��-/R          � F@	P- B@� �$�C ����D '� BG�$ 2� �8�- ?� '�� �+$  @/ �%@� A/    Z7@T �$ B@> ��GH@� l

   ��- �7T B� 4��%6/R  ���+$ �� � �6 
/  A) [   � [  H@�� B@��$ 
*7 (    ��@� ���'�@� � B@��7+

����� .  $ ���fY B�/ �%� %!/  ��  �+%� B� F	P-  � �$ /  ����D A/�6 c/��- ��/R#D7T �  ��+ 
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B> ,������> � '�� ��%� ='D ��� /���/���+$ �� �%"& ��6 
/ ?��%� �� A+ ��> . 

��/    M- B> ,��$ B�7- �

    sO� � w7# A�$ �+%� B� F	P- /D$ B� �%"& c/ ��> X�G<+ F

 ��7@�$� ,@�� ) Zachariassen, 1985; Baust and Rojas, 1985; Bale, 1987; Lee, 1991, Danks, 

2005.(  � F+�7Y 
�7N7/L #7��#7�  U# 
    �@�� B@�&%+ %�  M@x� �
 $ , @/     M@x� � A@� �'76�
 ,

S��O-   � �$ B#7� /   ��GH� ��5�%Q� BN�H+ A .�%T '�+ 
���+$ �$ ��S� 2�d��6 
/  �@+$ B@� �A/  B@> 

      ��%C 2� �%M+ �$ �%"&+ �
  �h	� � $%
    !GH@� ��@+$ 2� �@� 2�� B��7+ 2�+' ��+ A $��$ 

(Denlinger, 1991) .�$�+%� �%# � ,Y%�# 
+ �$ d
H� ��S� 2�d
- ���Q
% ,�� ��5� .   2�7@�Y B@�

 F+�> ��%"& �$ Z�q+Upis ceramboides (L.)�$�+%� �%# Bh#��;  '� �[/_ H@�� B��$ 
 *7

 C$ %�
   B� BS �/_  H�� B��$ 
  C$ %� *7
   V��> BS/ + ����
        �E�$ �E B� �E�$ %�E '� ��S� 2�d

�d��/  V+ /��� . � B�/ -%- A
   i<"+ n+  B> $7�   + ��MN�O+ �$ 
  2�d  �+%� B� F	P-   B@� B@�7- 

H� ~�J B#7� 2� �$ �+$ V��> ,Y%�
	�� dz�& ��
 ,�� ,(Miller, 1978) .� �$ @/  B@MN�O+ A

#
 Q�- d
    � ��%C 2�+' ��+ %
%�  ���+$ �$ � �6 
/  # � A
  �$�+%� ,Y%� d        ��@S� �$ �@+$ V��> � 

$%� i<"+ ���:; ��7<�%� =%>/� .  

  �G# *��� %�/   +� ,�$ B� e   � �'��#� '� ��
%� �+$ � I�J    �@��        I�@J � b7@T%+ �c"@J 

    V�76 �� b7T%+/  �S+ � 0/   �+$ �� 2� BH�        �@+$ B@+�#%� �$ nN�r �$ �7� /  #�@+' �    �@+$ B@> � 

P+
     B+�#%� mfT %� l     ,Y%� ��    H�� B��$ 
  *7  �$C$
            �7@T B@� 2� '� W@6 � ��� $%� BS

   B� *7LM+�[ + H�� B��$
    $7� ��#��� *7) � 2���/   B@L��]     �@+$ �$ ,Y�@� �  [\   B@��$ 

  $7� BG��$ ��!# (�+$� I�J   �� G&   $d# B� /     @�%# ?� B��$ %�E c
   �7T B@� �#�/   %@G	> B@L/ A

�+$�       $��& c"J I�J B� y7�%+ �   %G	> � B��$ / �+$ A�      $ I�@J w7@# �$ /     $��@& %@! � 

 H�� B��$
   $7� *7)  FL�A\� .(  $ ���fY B�/  �; �� %!
 I�@J ��+$ V��> ,Y%� A  �@�  2�@+' 

��> %� ��  �+$ V��> �   ��G���# �� $7J  .  fT �$ BGfN�
 # ,M
    ��- �+$ V��> �#�� d/R� �  @
 %G"

   ,�� =�$ B+�#%� B��"+ .     FL� �$ B> �7O#�	�B\�   #�+' ,�� i<"+     �@+$ B@> �  @P+ 
   B@� l

��-/   V��> e/ �+$ ,���   # c"J I�J 
     $��& |uGJ� �� d�   �- �  H�� B��$ 
     2�@	� B@� *7

-%-
    Mx� �+� ��� ?> n
 I�J ,  ���   �> B� b7T%+   $7� ����G+  .      � B@� � b7@T%+ I�J @/ �j

  ���$ b7T%+ I�J�    $��& V�76 � G#��  %G+ � /       � B@U&u+ F@��C ,@+��S+ 0�     %@��%� �$ �� 
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�/      �+$ $��& �$ I�J w7# �$ A�   H�� B��$ %�E 
 C�� *7 �#�+  . #�+' �$  �+$ B> �  @P+ 
  � l

>�#�    �+$ 2� '� �M� �     B� c"J I�J  [\  �� B��$ 
     $��@& � ��         ��@#�+ �@+$ 2� �$ ,Y�@� 

�+$�      � B� b7T%+ I�J w7# �$ /  ���$ I�J �j�   V�76 /      %@G	> 2�@+' ��@+ 0�  � �@�  @/  �@+$ A

      $ |%T '� BGfN� � $7� B��7+/ #�+' %!  �+$ B> �         �@+$ 2� t@fT B@� � �7� �     �%@# c"@J I�@J 

$7ME�    �+$ ,�%� $7J B� �       ���$ b7@T%+ I�J � b7T%+ I�J �    V@�76  @/     ,Y%@� B@� 0

%G	>� �d�� /  V/,�� .    � ,�Y BL#� $7�� ��/   $ '� |uGJ� A/ �Y �	    N� ,�� i<"+ au+�> '� 

 ��%� %U#     #��5� 2�GH+' �$ 2� %Q�  G��  U# 
 ���:; ��7<�%� =%> %  nN�� � B�7- F��C au+�>

,�� . $ '�/  ���">�J ?�Y ����  N$ B� 
 �%} 2$7� D�� F
-��%& ,:- �I�J 

%� ��%/  B@��$ t

   � I�J �$ ���%&     :- � �� ���7J %Q� 

 ��- ��%/R     $%> ���7J %Q� 2� �$  .   $ |%@T '�/  %@!

    I�J ~7k<+ ���%&\ + 
       2$%� D�� ,8� ='D ���%& 2�d @/   H@�� B@��$ c
 '� *7 @/ c

G#��     I�J 2� '� nML+ %G+ \ H� 
 Q�@- ,P- ��
  I�@J ,@�7T� %  ��%@C  @+ � @
 �7T B@� $%/  B@L

I�J  ���   ���$ B> BY�d+ � >%- 
 �7+7� ��f   � ,��� � /        D�@� ���@C ,@�Y B� ��GH� d�   B@!# 

��$��%} �b� @@
@@-��%& ,� @@
%G"�I�@@J B@@� ,fH@@#  �@@��N7@@	M+ � c"@@J �@@#��$  . B@@�  

 $ ���fY/ :- %!

   I�J �$ �+$ ��%   �@��         I�@J '� %@G	> B@Y�d+ b7@T%+    �@��    ,@�� c"@J   
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