
��������	 ��� ���   ����51 ���	
 �2 � ����� � �����1399 )274-265(  Iranian Journal of Plant ProtectionScience Vol 51, No 2, Autumn and winter 2020 (265-274) DOI: 10.22059/ijpps.2020.290195.1006913    * Corresponding author E-mail: hrap1388@gmail.com � ������ 	�
� � �� � ��� ���� �
��� ������ �
�����
� ������  �� �!�"� #
� $�% �  &� �'� ��� ��'()  � �*�+ ��,��*�-�    $�.  �/,�� �
"01�*����. 34
� &2 �6���% 7�� �2   1 .�� �� !" �#����$% &�� " � '�(�) �*�+�+," ����- ��($% ./
�� 0��1 *�+�+," 2�-(� ���$3���  2 .0��1 0� 1 ���$3�� � 45�- #(6$3��� �� �7����� �7����� 0�8$3�� �#����$% 09/$3�� ./
��  )������ 	���
 :13/07/98 - ���� 	���
: 26/06/99(  8�
9:   ���� ���Cydia pomonella (Linnaeus) ���� �
�� ��� ����� ��� ����� ��  ."� #����� $%� �& ��'( $��) &�#  * �" �'+,�  -�.,�/�'��� � �0 ��� $�%�1 ��  ��� .-2�  $�&��) &�#  "��
 ���  $��� 3��
 $4'5',� $�,6� �� 7����� �8�4'5',� * �* 2('9 ."� �'+,� ����"  %"� #����� -2� 8� $��) &�#  ��% �� �:�� �;� % *����� �� *��� �
�� <=�9  ���  8�4'5'�0��'�� $�& ��� $�%�1 .� ��� �� $��� 3��
 '>( % 29� 2(%� �1�? )&%@� �� �A��B>C�� �&��.�� �� �/.D� ��� ��� $  �����
 $�&  % *���� ���EF� % *��� ��G����H ��� �
�� <=�9  '>( % 29� *���� $�&�  �&  I� J��E.�� ��K= -2�I%� *-29 ��% �� "C�� .  L��.("� ��� J2� �& $��� J29 ��% �� ����/� ��� �%�E
 �  I� 8�<=�9 �& *���� $������'� �� *B>C�� �& $"B5�K���'�  ��M( �� 2(��� .(�.�  N� '>( % 29� $��� ����� O�%� P5���( QB>C�� �& �� ��� ��� $��.�� �& ��
�
 "� ���EF� % *��� ��G����H  �����
 $ 32/8 �19/8  %85/9 C��29 J�I ��>Y
 A'�DZ� O .>&�� �'[  N� *����# I��(�%� '>( % 29� QB>C�� �& ��� ��� $��'� ���� ��
�
 "� *74/622 �20/633  %84/695 I%�-C���'� A'�DZ� O . �'C% )&%@� ��� L��.(�%�E
  ����#I��$ �& *���� $ B>C�� �&��� ��M( �� �'M� `Z.Y� a[�,� �� �/.D� ��� ��� `Z.Y� $ . ��bc[� ��� "� *���.��"� �'+,� �
 -2� O���) &�# *  *����# I��( $�,6� �� a�;�)I%�-�b�� �� "C��-"C�� (��� $�%�1 $2�Z� ��� .      8; � ��
<% ���:  ���� �����) &�#  �*<=�9 �&��B>C �*K= -2� �*���� $.  Estimation of the low temperature threshold and thermal requirement of the established codling moth populations in West Azerbaijan, Tehran, and Isfahan provinces  Hossein Ranjbar Aghdam1,*, Meysam Ghasemi2 and Younes Karimpour2 1. Associate Professor, Iranian Research Institute of Plant Protection. Agricultural, Research, Education and Extension Organization (ARREO), Tehran, Iran. 2.Former M.Sc. student and Associate Professor, Department of Plant Protection, Urmia University, Urmia, Iran.  (Received: October 5, 2019 - Accepted: September 16, 2020) ABSTRACT The codling moth, Cydia pomonella (Linnaeus), is the most important pest in apple orchards. To successfully control the pest, using phenological forecasting models is necessary. Phenological forecasting models are basically provided using temperature-dependent phenology of the pests. Estimation of the most important eco-physiological indices of pests is essential for the preparation and use of a high-performance, accurate forecasting model. Therefore, the current study was conducted to determine the temperature-dependent development trend and to estimate the most important thermal indices of three established populations of the codling moth in Tehran, West Azerbaijan, and Esfahan provinces. Results showed differences among the values of the estimated thermal index in studied populations. Estimated values of the low-temperature threshold were 8.32, 8.19, and 9.85°C for total immature stages of Tehran, West Azerbaijan, and Esfahan provinces, respectively. Additionally, the estimated values of the thermal requirement were 622.74, 633.20, and 695.84 Degree-Days for the total immature stages of the mentioned populations, respectively. The results of this study showed differences in thermal adaptations of different populations of codling moth located in different regions of Iran. This information is necessary to develop a precise forecasting model based on the heat requirement (GDD or GDH) of key pests in each geographical location.  Key words: codling moth, forecasting, linear model, thermal indices, population. 
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 ;�63�.    ��,;� ��   *����� !��  �� <�=��)��>$ ��,�(   .-� 5 &���3 [(V����  gK�5�3 Yd� � (	3 � 9
�  Cz�A	B - ; %� D ��  +���!
93���� ��- -��-��#   �� �z5�B N
 ���#  C5�b)1± (15 �21 �24 �27 �30  �35  zB��2 �G-�=�3 C5(V� �h(. 10±50 ��� � 9Q���  �(z3# 16 �I
�� CT�-.�  �8 ��" CT�-�/.  [�9B ��1   09z
 7���� C-� . ��� M3�� ���)#  bcz"�   zIA�. ���# ��#  ��� [(zV�  9z
� �   IB Yzd� � (z	3� zI .)F = 17307, df = 4, P < 0.001( #��o �(F= 3310, df = 4, P < 0.001) .1 �P
 � )F = 2913, df = 4, P < 0.001(   Yz% ����  gK�z5�3 �)F = 5572, df = 4, P < 0.001(  C�A	B z-� 5��(� Cz
�� . .  h�-� ?��  50� 1 9I5 �:��	�" # ?/3�� (��) �� 0��P�-� �5  [�	�d� qU- ��5  9
 ;�63� 9Q��) [�9B1(.   [�9B1 .�+��� [(V *� ��R" 2��� 9
� �� (	3 ) SE± ��� ( � !" ��-� D�- ; % gK�5�3 .���� Yd� �)93���� C�A	B (#�:��� �� -� 5��(�.. Table 1. Comparison of the codling moth developmental times (Day ± SE) collected from Tehran province (Damavand population) at the studied temperatures Developmental Time (Day) Number Temperature (°C) Developmental stage Max. Min. Mean* ± SE 15  12 12.91 ± 0.03 e 328  15  Incubation Period  8  7 7.04 ± 0.01 d 193  21  6  5 5.41 ± 0.04 c 135  24  5  4 4.62 ± 0.04 b 102  27  5  4 4.01 ± 0.02 a 200  30  -  - - 500  **35  46  39 42.05 ± 0.36 e  34 15  Larval Period  26  19 22.59 ± 0.14 d 66 21  19  15 17.23 ± 0.13 c 46 24  16  14 14.80 ± 0.08 b 45 27  16  11 13.48 ± 0.15 a 72 30  43  37 39.58 ± 0.32 e 34 15  Pupal Period  25  18 21.51 ± 0.16 d 66 21  18  14 16.21 ± 0.12 c 46 24  16  12 13.66 ± 0.16 b 45 27  15  10 11.92 ± 0.15 a 72 30  101  88 93.46 ± 0.67 e 34 15  Total Immature Stages  56  44 51.10 ± 0.26 d 66 21  42  34 38.45 ± 0.22 c 46 24  36  30 32.62 ± 0.21 b 45 27  34  26 29.34 ± 0.22 a 72 30  * Means with different letters in each column had significant difference in the same developmental stage, according to Duncan’s Multiple Range Test, P < 0.05.  ** None of the eggs hatched at this temperature.  *��83��? �: [�	�d� qU- �� ?/3�� (��) 4=V �9I��: (�-  : �� *��P�� }� d #���� 7% #9
� Yd� � �� X�  : 75 ](5 � #5  #���� 9Q��  }x�L�IA�. ��� 9I��:.    ** ��� ?�� ��:�� �X  ��O@" �: 939$3 n� P".  
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� ���� [(zV D�- ; % gK�5�3 Yd� �75 �(V  ?�83���41/95  #��� �� ��� 15  � h(��G- 2B��0�"(%   z"�?  )86/28   #�z�� �� ��� 30 B��9
 C=b h(��G- 2 .�5 � z�?  [�zd    \3�z���� 2z��6"  &���375 C-� 09�) bc"�   zIA�. ���     [(zV #�� �z�� *� z��R" ���� Yd� � (	3 � 9
� ���� .I�IB .)F = 9808, df = 4, P < 0.001( #��o �)F = 2542, df = 4, P < 0.001( �  .1 �P
)F = 3038, df = 4, P < 0.001 (  gK�z5�3 ���� Y% � )F = 4417, df = 4, P < 0.001 ( �� D�- ; %c"��9 � % .  5  h�-� ?��0� 1 9I5  [(zV #0���  �z:    Yzd� � (z	3 � 9z
� # � �� D�- ; % #9
� jG�@� #�:��-� 5��(� . 0��P�-� �5  [�	�d� qU- �� ?/3�� (��) ��5  9
 ;�63� 9Q��) [�9B 2(.     [�9B2 . [(V��� 9
� �� (	3 ) SE± ��� ( ��-� D�- ; % gK�5�3 .���� Yd� ��5�w)��6 5 s .)(K��3 C�A	B (#�:��� �� -� 5��(�.. Table 2. Developmental times (Day ± SE) of the codling moth immature stages, collected from West Azerbaijan province (Nazlou population) at the studied temperatures Developmental Time (Day)  Number Temperature (°C) Developmental stage Max. Min. Mean* ± SE 15  12 12.89 ± 0.03e 247  15  Incubation Period  8  6 7.11 ± 0.04 d 240  20 6  5 5.31 ± 0.03 c 138  24  5  4 4.73 ± 0.04 b 103  27  5  4 4.01 ± 0.02 a 181  30  -  - - 500  **35  48  39 42.93 ± 0.48 e 31 15  Larval Period  26  23 24.29 ± 0.14 d 64 20  21  18 19.42 ± 0.17 c 45 24  18  14 15.84 ± 0.08 b 52 27  15  12 13.27 ± 0.10 a 51 30  46  37 40.48 ± 0.43 e 31 15  Pupal Period  23  18 20.23 ± 0.16 d 64 20  18  15 16.46 ± 0.12 c 45 24  15  12 13.57 ± 0.10 b 52 27  13  10 11.58 ± 0.10 a 51 30  105  89 95.41 ± 0.89 e 31 15  Total Immature Stage  56  48 51.50 ± 0.26 d 64 20  44  38 40.88 ± 0.25 c 45 24  38  31 33.90 ± 0.23 b 52 27  31  27 28.86 ± 0.22 a 51 30  * Means with different letters in each column had significant difference in the same developmental stage, according to Duncan’s Multiple Range Test, P < 0.05.  ** None of the eggs was hatched at this temperature.  *��83��? �: [�	�d� qU- �� ?/3�� (��) 4=V �9I��: (�-  : �� *��P�� }� d #���� 7% #9
� Yd� � �� X�  : 75 ](5 � #5  #���� 9Q��  }x�L�IA�. ��� 9I��:.    ** ��� ?�� ��:�� �X  ��O@" �: 939$3 n� P".    
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 ;�63� 9Q�� 7% [�9B �� ) &���33 C-� 09
 7����.     �����+01�� ���  ��� � *�� �������  �� �+ ! �+ 	������ 3*� '�� �71- ����    D�z- ; % (	3 � 9
� f 3A	B z�C  �z:#  7zAK�U���(�  �� I���2  .����20-30 B��2  #�� .5(GU� '�� 5 h(��G- ��� .UL [9�- 9I�
�� 7B��) [�9B4 .( .UL (�- 1�  � 9
� f 3 Y% (	30��� �:#  gK�5�3A	B�C �:#  D�- ; % ��-� �:#   �� Dz�" " 75 �!PQ� � .5 s �6��5�w) �� !" [�	�d� qU-009/0 �0001/0<  �0123/0 IA�. ��� �(5 . 	:�? �(V  ?��=" D� u � ?��=" D� u  ���+�pxQ� 9
� ��� .UL [9� F(GU� �(" �� .%�d ��3 (�- 1�- 7B��  ��zz��N 5�zzI. 9zz
�  #�zz�� e5�zz" (zz	3 �A	Bzz�C �zz:# 7AK�U���(�  �(5) [�9B4.(    [�9B4  ���) 5  ���+�9
� 3��-)2     � 9z
� #�z�� ?���z�   �� D�z- ; z% #9
� Yd� � �� X�  : .��� 1 ���3 � (	3 75/P"�X  4V�I�-� 5��(�.  �$3 z�.  9z:� .   h�z-�  z5  &���375 C-� 09�) 3��-)2    Yzd� � (z	3 � 9
� #��� ?���� @" #9
�  ��� Yz% � 0 �Pz
 ���o �O�     D�z- ; z% gK�z5�3 A	B�C  �z:#  9z3����   � z!" ��z-� (   .z5 s �z6��5�w) � )(K��3 (����?  " �(5 �!PQ� ��-� �� .  ��z�3 D�" " ?�	: 75  "o�5 �!PQ� ��-� ��  +��� D�- ; % C�A	B .��� 1�(5  8�� ��-� �� ��.     [�9B3.  [(V��� 9
� �� (	3 ) SE± ��� ( �!PQ� ��-� D�- ; % gK�5�3 .���� Yd� �); �	- C�A	B (#�:��� �� ��(� -� 5.. Table 3. Developmental times (Day ± SE) of the codling moth immature stages, collected from Isfahan province (Semirom population) at the studied temperatures Developmental Time (Day) Number Temperature (°C) Developmental stage Max. Min. Mean* ± SE 10  7 8.67 ± 0.03 d 729  20  Incubation Period  7  4 5.23 ± 0.03 c 507  25  6  4 4.88 ± 0.03 b 547  27  5  4 4.39 ± 0.02 a 500  30  -  - - 500  **35  34  23 29.92 ± 0.65 c  48 20  Larval Period  30  16 23.50 ± 0.75 b 52 25  32  17 22.20 ± 1.01 b 38 27  18  14 16.00 ± 0.23 a 52 30  34  25  30.00 ± 0.95 d 32 20  Pupal Period  22  15 17.31 ± 0.67 c 34 25  18  12 16.91 ± 0.23 b 35 27  18  10 14.05 ± 0.44 a 46 30  74  64 70.31 ± 0.98 c 32 20  Total Immature Stage  48  39 43.37 ± 0.77 b 34 25  48  37 42.26 ± 0.96 b 35 27  39  31 34.50 ± 0.44 a 46 30  * Means with different letters in each column had significant difference in the same developmental stage, according to Duncan’s Multiple Range Test, P < 0.05. ** None of the eggs was hatched at this temperature.  *��83��? �: [�	�d� qU- �� ?/3�� (��) 4=V �9I��: (�-  : �� *��P�� }� d #���� 7% #9
� Yd� � �� X�  : 75 ](5 � #5  }x�L� #���� 9Q��IA�. ��� 9I��:.   ** ��� ?�� ��:�� �X  ��O@" �: 939$3 n� P".  
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� #��� ?���� 2� (	3  1 ���3 � 7- .���A	B�C  D�- ; %-� 5��(�.  Table 4. Degree-days linear model, lower thermal threshold, and thermal requirement of three studied population of the codling moth. P-value  R2adj (× 10-2)  R2 (× 10-2)  K )DD ± SE(  tmin )ºC ± SE(  Degree Day Model  Developmental Stage  Population Origin 0.005 98.3 98.9 89.08 ± 2.77 7.98 ± 0.01 DR = -0.089 + 0.011 T Egg  Tehran (Damavand)  0.011 96.45 97.6 300.28 ± 16.61 7.16 ± 0.03  DR = -0.024 + 0.003 T  Larvae  0.003 99.0 99.3 241.74 ± 10.50 9.46 ± 0.01 DR = -0.039 + 0.004 T Pupae 0.009 97.1 98.1 622.74 ± 33.90 8.32 ± 0.02 DR = -0.013 + 0.002 T  Total Immature Stages  0.0004 98.6 98.9 86.71 ± 2.77 7.93 ± 0.01 DR = -0.091 + 0.011 T Egg  West Azerbaijan (Nazlou)  0.0001 99.3 99.4 294.83 ± 16.61 8.19 ± 0.03  DR = -0.027 + 0.003 T  Larvae  0.0002 99.1 99.3 250.04 ± 10.50 8.45 ± 0.01 DR = -0.034 + 0.004 T Pupae <0.0001 99.6 99.7 633.20 ± 33.90 8.19 ± 0.02 DR = -0.013 + 0.001 T  Total Immature Stages  0.0194 94.2 96.1 88.12 ± 4.07 9.23 ± 0.02 DR = -0.105 + 0.011 T Egg  Isfahan (Semirom)  0.0622 87.9 93.8 368.83 ± 22.42 8.58 ± 0.01  DR = -0.023 + 0.003 T  Larvae  0.0165 95.1 96.7 269.51 ± 12.38 10.58 ± 0.01 DR = -0.039 + 0.004 T Pupae 0.0123 96.3 97.5 695.84 ± 42.11  9.85 ± 0.03 DR = -0.014 + 0.001 T  Total Immature Stages    @A*  ���� O!�  "�? Y��T .U�,�  #� 5�� 5 R"��*�  �� ��1^. �:# ���� .��9I5�� C-� . .%93� �-(3��9+� �� ��� 	�/? -�C R"��*�  09	T �# �� f 3 ) E��:9I# ����9I5 .���� ���	3 ��6�9�  .I�A� 9d �" ���  1� .K�  0 $d 9
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