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Alternate Bearing 
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52.7 70.8 39.0 67.2 100.0 27.5 28.8 40.7 16.5 17.2 43.0 -8.6 
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50.9 99.0 31.4 63.9 98.9 22.7 29.9 43.3 18.3 17.6 44.6 -7.7 
 =�51396  

Year 2017 

  

(��%�� ���5�56�!��� 7����������  

 l��i75� ����\4I�%��� .��� 1	50 	�4��2 H�� B��� ��G�� 	�4� n� �A �� � �� �2�- j��� �T��74
 =XK �74.

=�
�7�-  n475� �45� B�8
 ��)85:15 ���E� (��2�G \4I�% 1��%�I _6%�� n� 9� _- . Z�� Y�� ��24  p���� �2 B��5

 ���2 � 	6���%4  ���2z�48�5 �.�. _{5 .�� ����0S
 Y�� �� :���9A ���10  �/4O2 B��5 �� �8000  �/4O2 �2 ��2

�� T�4 ��7
�5 n�< ���2 �2�
�.�. �2 ������� =���� .�9��
� ���� ���>� @�� 9� � N48/% 2�U7� ����7�� ��4G� �=���  �

	7
A B4��C � PI �4W�
�X�.�� �2� 75� 	
��48I�  

=���  J�U� �� :�I�� g�� �� PIFolin-Ciocalteu �9��
� 9� � ��4G�45� n4.�G  ��2�G �2� 75� 2���
�75� ����� ��

)30( .��47
�� 	�4� z�5� �� ��G�45� n4.�G  �2100 �9� ��G  �� :�I�� g�� �� PI �4W�
�X� .�� ��4� �%3AlCl  � ���
�

 �� �2� 75� 2���
�75� ����� �� @475�W�I 9�)10( .��47
�� 	�4� \8K �� �2 @475�W�I ��G100  ��G�9�  .��2�G ��4� �%

	7
A B4.�U� 	���9�� B0� 2�9A =�6�2�� B4.�U� ��0� g�� �� 1	
��48I�DPPH )29(  .�� P����47
���  @�� ���I�� \8K��

 2�9A =�6�2�� ��0� �!�2DPPH .�� ��4�  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

24
-0

7-
16

 ]
 

                             3 / 13

https://dorl.net/dor/20.1001.1.16807154.1400.22.2.2.5
http://journal-irshs.ir/article-1-416-fa.html


����6�� � ��6752 

142 

�9��
� ���� 	��R
A ���>� l��i75�N�R
A B4.�U� :��5 � PI =���� @4V%��- ��R4� ��4G ���POD 1SOD  �PPO �� 1

Y� 8� ���� n�I N45�7-50 	�4� �� �Z��	- ~�7  g�� �� PI =���� @4V%��- .�� ���
�Bradford )8( �9��
� ��5 9� � ��4G

) ���G @4���.ABSA ���� ( N5� .��2�G �2� 75� 2���
�75� 	���� 1B��0
 �2�7���PI =���� @4V%��- �  �� �
��
 ��K \8

	�4� .�� ��4� �% �9� ��G �2 ��G  

�9��
� N�R
A B4.�U� ��4GPOD  g�� ��Chance and Maehly )9( ��
� �7��7���76{5� ��S752 n�I �� � .��2�G �

 P��� :�I�� F��i�2750 Y� 8� ���� �74.��64�) N45�7-pH=7.0 1(100  1=�I���G �74.��64�100 .��64��74 �
,48I� 3A 

 �50 .2�� 	��R
A ���>� �74.��64� ����44D%  	Q 3h�120  l�� =�Q �2 � �4
�y470 �9��
� �7��
�
 �� N�R
A B4.�U� � ��4G

	�4� �2 �/4O2 �2 =���64� Y��!.�� ��4� @4V%��- ��G  

 N�R
A B4.�U�SOD  g�� ��Giannopolitis and Ries )16( �� ����44D%  	�I ��S752 n�I �� ����76{5� �2 �7��7

 l�� =�Q560 �9��
� �7��
�
 P��� :�I�� F��i� .�� ��4G2650  N45�7- Y� 8� ���� �74.��64�50 �4�	) �Z��pH=7.8 1(

200  �74.��64�EDTA 1/0  1�Z��100  �74.��64�NBT 150  @��X����� J�U� �74.��64��� ����� 50 �64� ���>� �74.�

 .2�� 	��R
A��47
��� 	�4� �2 �K�� \8K �� N�R
A @�� B4.�U�.�� ��4� @4V%��- ��G  

 B4.�U�PPO  g�� ��Fujita   ����6�� �)15( �9��
� �7��7���76{5� ��S752 n�I �� ���i� .�� ��4G P��� :�I�� F

750  N45�7- Y� 8� ���� �74.��64�50 	�4� ���� �Z��EDTA )pH=7.0 1(750 - ���78��5 �74.��64��I��4 � =�6%100 

 �� 3h� ��R4� .2�� 	��R
A ���>� �74.��64�10 n� �4
�y Y�� �� � ���120  l�� =�Q � ^�%� 	���2 p���� �2 �4
�y420 

�7��
�
 .�� ��
��< 	�4� �2 �/4O2 �2 =���64� \8K �� N�R
A B4.�U�.�� ��4� @4V%��- ��G  

 N�R
A B4.�U� 	5��� ����PAL �� 150 	�4���G �2 ��� �2�- H�� B����� 	�4� n� j��� �T��74
 ���� �74.

Y� 8� N��550 	�4�) �Z��pH=7.0 ���K (5% 	�-P4���	�- � ��%�I _6%�� n� 9� _- � ���E� ���4.��4-�@S� �9�5

 Y�� �� 1\4I�%15  B��5 �� � �/4O213000  ���2 �2 � �/4O2 �2 ��24  ���2z�48�5 �2�G T�4 ��7
�5 ������� =���� .�

��4%��64� �� 	���A �� �R��� �2 ��U� �2� 75� �% � P/7�� ���� ���℃80- 
 .�� ����0S N�R
A B4.�U�PAL  g�� ��

Saunders and Mcclure )25(  l�� =�Q �2 � �7��7���76{5� ��S752 n�I ��290 �9��
� �7��
�
 .�� ��4G :�I�� F��i�

 P���750 Y���� ���� �74.��64�N��5 10 	�4�) �Z��pH=8.8( 1750 =� ��4�A�45� ���78��5 �74.��64�-P4��@4
ZA 50 

	�4��Z��  �100 	��R
A ���>� �74.��64�  9� .2��n4���45  �45� ���� N5�2���
�75� 	���� �2� 75�  ���47
��  \8K ��

=����64� _
��% n4���45 �45�   �4.�%�2 ���  ��	�4� ��G@4V%��- B��5 n� Y�� �2  ��4���2�G.  

 8��4��) :) :��� �;<&� �����RNA  =��4��+ 7>�� 
.+cDNA ! ���5��?- ����@ 
,$+�! A�B�� RT-qPCR(  

 l��i75�RNA �
��
 9� PI n�I �� H�� ���RiboExTM Total RNA isolation solution (GeneAll)  z�5� �� �

 	G2�.A �
�G�� JhK B0� .�� ���
� ��
9�5 BI�� �2�0�+4- g��DNA�
��
 1 �� 	���i75� ���DNaseΙ  .�
�� ���4%

 B4 4I � B4�I 	5��� 9� _-RNA  ���2�
�
 ��S752 n�I �� 	���i75� =��)NANODROP 2000  BI�� B<�5

Thermo SCIENTIFIC(  n�I �� 19��GA =T �RT master mix (GeneAll) TMHyperscrjpt  BI�� P�U.���752 z�5� �� �

 �
�i��7I B<�5 1��
9�5cDNA �
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 9� n� �� ����:4- ����G9�A B � 	K��Q .�� ���
� ��_- � ��
�� �� ���� ��
��

�T 9� n�N�R
A ����I�I ��� ���POD 1SOD 1PAL  �PPO  @�X
A B��5 n�I ��).ut.ee/3http://primer( 3Primer  �

 	.��% z�5���CDS �T �2�2 ��S��- �2 �U.�q� 2��� ���NCBI  �T 9� .�� ���
�actin  ���� 	�<�2 =�7�I �T ����� ��

:�I�� ���RT-qPCR  =���) �� �2� 75�2.(  :�I��PCR  N�K �� :�I�� �� � 	64�6% ���6% �2 �� �
��
 �� ����20 

:4- �G9�A �� 9� �74.��64� N4
 P��� �74.��64�_- � ��
�� �74.��64� �2 1��
��cDNA�74.��64� ��0` 1 ®HOT FIREPol 

qPCR Mix Plus (Solis BioDyne) ®EvaGreen � 113 �I �� :�I�� .�� ���
� �R4
��2 3A �74.��64� ��S752 n-Rotor

Gene 3000 (Qiagen)  N�R
A �2�I =�U� v�� �� 	���2 �<�` ���
�� �� ���q� �Taq  ���2 � �/4O2 k�- Y�� ��95  ���2

 _{5 1z�48�535 �9�5 �7��5�� ��K�� �5 P��� P6451  ���2 �295  ���2 z�48�5 Y�� ��20 =�>%� 1�4
�y2  �2
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 ���257 -55  ���2 z�48�5 Y�� ��20 
�yg�78G � �42  ���2 �2℃72  Y�� ��12 3�� ��K�� .B��G Y��! �4
�y2 

 9� ��2 �44D% ����2 P���50  �%99 .�� �2�2 :��R�� ��2 ���2 n� �4
�y k�- �� �2 �I 2�� z�48�5 ���2 

  

=��� 2- 	G,�� ��� :�I�� �2 �2� 75� 2��� ����G9�ART-qPCR �T �� F����) 9��48I��- ���POD 1(

�-�5�48I�) 9�%��8�2SODP4�� 1(@4
ZA) 9�4.�4
��APAL 1(	�-=���) 9��48I�PPO @47I� 	S
�< �T � ( �2���7�9 H�� B�� 

�4.���8�I NO�.  

Table 2. Characterization of primers used in the RT-qPCR reaction related to peroxidase (POD), superoxide 
dismutase (SOD), phenylalanine ammonia-lyase (PAL), polyphenoloxidase (PPO) and actin-housekeeping 
genes in olive (cv. Conservalia) leaf tissue. 

  

 �!�+�!��� -  

 v�Q \.�O �2 :���9A P��I ��Q ���2�2 ����A ��R�% � �� ���� 	�2�>%���R� �����
 n�I �� �� ����A ��R��SAS  

 �i8
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�4� �8��/� �������R� ��� ���9A g�� 9� ��I ��4�<�	�U� JX7��23 

)LSD�2�2 2��� �2 .�� �2� 75� (� ���� 1	.�6.�T 	�8
 ��4� sq5 g�� �� ��CT△△− 2 )21(  � ��
 n�I ��� ��R� GenEx 

 �i8
5  � ��5������I�� �����R�� ��
 n�I �� :i� @�� ����ASPSS   �i8
20  ���9A \.�O �2 �t-Test  .�� ���
�
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 n�I �� �Q���� �����2��
 ��R��GraphPad Prims 8  �i8
6 .��2�G N45�%  

/����  
_
����� ��R�% �2�2 �� �I 2�2 ��+
 B4UE�B.�K 1B<�2 	�2��� � ��A �����Ĥ4
	�U� �4y�% 1��2� � .�� �� ���

B8�9	��4�4� 	
��48I� 	7
A B4��C2���
 =���� @4V%��- ��R4� � PI �4W�
�X� ��R4� 1 1���  ��R4� ���=���  B��� PI

 =��7K� sq5 �2 H��1% 	�U� �4y�% ���2�5 P��/7� �y� � =�5 �y� �I B5� 	.�K �2 @�� .B��2�� 	�2��� p���� � =  @��

� .�� 9� ���I �4� ���� ��	G,����� 	�U� 	���9�� 2���.2��
 ��2 ��47
���  ��R�% R4.�
A��U� ���� _
����N�R
A B4. 	7
A ���

	�U� Y�� % 2��� �S
�4� ���48I� � ��A =�5 @4� �!�2 n� =��7K� sq5 �2 ��2��Ĥ4
 N�R
A ���� ���SOD 1POD  �PAL  �

 Y�� % 2��� ���	�U� N�R
A B4.�U� �w
 9� ��2PPO 5 P��/7� �y� � =�5 �y� .B5� ��7�9 ��7<�2 @4� 	�2��� p���� � =�

N�R
A ����	�U� n� �4� �2 R4
 ���48I� 	7
A ���.2��
 ��2  

��47
��� �7�� ���� @4S
�4� �8��/�� �=��� 	�U� Y�� % 2��� �S
�4� PIn� =��7K� sq5 �2 ��2 @4� �!�2  ��A =�5

 ���Ĥ4
  ��R4� 1z�5� @�� �� .B5�=���  ��7�9 ��7<�2 H�� �2 PI��Ĥ4
  2��K�2 9� �7+4� ����� �25� ��A ��7< B

)07/0±69/1 �05/0±81/0 	�4�n4.�G ��G  �45�  �2100  =�5 �2 \4%�% �� �% �9� ��G��Ĥ4
 A ��� P6�) (1.(  

 
2- Extension                                             2 - Melting                                                   3 - Least Significant Difference 

�T ��
 

Gene name 

�2�2 ��S��- ����� 

GenBank 
Accession No. 

:4- �G9�A��
��  

Forward primer (5`-3`) 

_- �G9�A��
��  

Reverse primer (5`-3`) 

=�>�� �UqO =�Q 

Amplicon size 
(bp) 

=�>�� 3�� ���2 

Amplicon Tm 
(℃) 

POD JX266209.1 
CTCTTCTCACAATTC
CAA 

TTACCACTCTACAA
TCCT 

147 84.5 

Mn-SOD AF427107.1 
GGTCATGTCAATCAC
TCAA 

CACCTTCTGCATTC
ATTTTC 

148 88 

PAL KJ511867.1 
TGATTGGGTTATGGA
GAGT 

TGCTCTTGTTGCTG
AATG 

193 87.5 

PPO KP968843 
CAACTCCCACACAA
AACTAA 

ACAGTGTCATCATC
AGCAA 

101 83 

actin AF545569.1 
GAATTGCCAGATGG
ACAGGT 

GAACCACCACTGAG
GACGAT 

188 - 
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Fig. 1. Two-year average of total phenol content in olive (cv. Conservalia) leaves under alternate bearing status 
based on LSD (P ≤0.01). 

 P6�1-  �.�5 �2 @4S
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 ��4�I	�U� JX7<� ��2)LSD) (P ≤0.01.(  
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A B4.�U� ��R4� ���� �!�2 n� =��7K� sq5 �2 @4S
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A03/0±46/0 	�4� �2 �/4O2 �2 =���64� �� B�8
 (@4V%��- ��G��Ĥ4
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	�4� �2@4V%��- ��GP6�) B5� (-A2N�R
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 � ��A =�5 �2 \4%�% ����Ĥ4
 P6�) (-B2 � (PAL )84/13± 15/568  �78/11± 81/636 =����64�  _
��% �45�n4���45 

 �2	�4� ��G@4V%��- B��5 �2  � ��A =�5 �2 \4%�% ����Ĥ4
 P6�) (3	�U� ��Q �� B4.�U� ��R4� ( =�5 �2 ���2��Ĥ4
  �7+4�

.2��  

  

  

  

  

  

  

  

  

  

  

  

 

 

Fig. 2. Two-year average of A; peroxidase (POD) and B; superoxide dismutase (SOD), enzymes activity 
changes in olive (cv. Conservalia) leaves under alternate bearing status based on LSD (P ≤0.01). 

 P6�2 -  �.�5 �2 @4S
�4�N�R
A B4.�U� ���A) 9��48I��- :POD � (B�-�5 :�48I�) 9�%��8�2SOD�2 1(  NO� ��7�9 ��7<�2 H�� B���

 �4.���8�I �2 @4S
�4� �8��/� z�5� �� 	�2��� 3���% p���� ��4�I	�U� JX7<���2 )LSD) (P ≤0.01.(  
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Fig. 3. Two-year average of phenylalanine ammonia-lyase (PAL) enzyme activity changes in olive (cv. 
Conservalia) leaves under alternate bearing status based on LSD (P ≤0.01). 

 P6�3 -  �.�5 �2 @4S
�4�P4�� N�R
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 @4S
�4� �8��/� z�5� �� 	�2��� ��4�I	�U� JX7<���2 )LSD) (P ≤0.01.(  

  

�T 	�8
 ��4� ��S.� 	5���N�R
A ����I�I ��� ���	�U� ��4� Y�� % 1�U.�q� 2���) �!�2 n� =��7K� sq5 �2 ��2p 

≤0.01�T ���� ( ���POD 1PAL  �PPO ) �!�2 k�- =��7K� sq5 �2 R4
 �p ≤0.05 �T ���� (SOD  @��� .2�2 ��+
 ��

�8��/� B.�K �2 �I \4%�% �� B�8
 ��A 	�2��� p���� ����Ĥ4
 �T �2 	�8
 ��4� 1POD  �PPO � ����22�� :��R�1  	.�K �2

 �T �2 �ISOD  �PAL  ��4� :��I �� P6�) �
2�2 ��+
4.(  

  

  

  

  

  

  

  

  

  

  

  

  

  

Fig. 4. Relative expression of genes encoding peroxidase (POD), superoxide dismutase (SOD), phenylalanine 
ammonia-lyase (PAL) and polyphenol oxidase (PPO) enzymes in olive (cv. Conservalia) leaves under 
alternate bearing status (ON vs. OFF). * & **, statistical significance at P ≤0.05 and P ≤0.01, 
respectively. 

 P6�4- �T 	�8
 ��4�N�R
A ����I�I ��� 9��48I��- ���)POD 1( 9�%��8�2�48I��-�5)SOD 1(P4��@4
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 �� B�8
 ��A( .*  �**  ��
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�2�2 �� 2��75� �� .B���
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 @4+4- B5� ��� B��y)20(.  
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A B4��C 1PI �4W�
�X� ��� �E�K �U.�q� �2 PI =���� @4V%��- � 	
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 .��7��� �4D7��7��� �=���  � ��A =�5 @4� H�� PI��Ĥ4
 	�U� Y�� %7��2 ���2 � �

����44D% �� �A ����44D% B4.�U� N�R
A PAL  	
��i���� .B��2 Y��44U% 	��8 ��R4�=���  �T ��4� � B4.�U� �� PIPAL1 

 �%Z�� v�q5 �� 	����0
A  ��7<�2 �2��Ĥ4
 1 =��7K� �� �48� �2 N�R
A @�� :/
 P4.2 ��B8�9 B<�5\4I�%��� .���.B5� 	 

��� 2��� @�� �2 ���% P��O �76
 1��w7
� JX< �� �6�7�� �� �q��� @��� 1j���� �I 	.�K �2 .�+
 ���O�� H�� PI �4W�
�X� �

PAL 	� 	��U� ���
�y � �4.�� N84.���7� @4� p5�� �K N�R
A n� �� �48� �G9�A N�R
A @�� � ���IB8�9 B<�5

B4.���7� 	��� ��
��W�
�X� 1���4����I@�1�� 1@4�S4.  � @
�%	<�� \4I�%��� .����S�2 	 	� �7<��� 2��)33( �� ���� @�� .

P4.2 B����  �48�B8�9 B<�5 	<�� B�5 �� ��7�9\4I�%���  ���
�y �2 �,�� ���/� .���� 	�2��� 3���% p����=���  PI

 �\4I�%���  a�7i�.��� P��� 	-���V.��1@4 �48I���=�9��4% 	  � �45�=�4��In4�4W�I ���9 � ���
� �2a�7i� ��� ��7�9 

 � �2 	�2��� 3���% p���� �4D7�	�) ����24 .(N�@4�`1 ��47
 �2 �E�K �U.�q����� � k��7
 �� PI =��� ��R4� � ���A B52

	� ��+
 �I ��7�9 ��� 	<�� � PI =��� v�q5 ��2\4I�%���  ��
�� 	.��� n4V��I �45� � n4
T���I �45� ��Ĥ4
 =�5 �2

 B5� �7+4� ��7�9 �2)22(1  	
��i�� .2�2 ��+
  

��47
��� � �N�R
A ���� ���A B52 ���	7
A2�� Y�� 7� ���48I� �64.�K�2 . ��R4� 1�U.�q� 2��� N�R
A ��0` @4� 9�

 N�R
A �5 B4.�U�POD 1SOD  �PAL  �22�� �4D7� 	�2��� p����1 �T 	�8
 ��4� ��0` �� ��� o�
 N�R
A �2 	�2��� p����

 � ��A =�5 @4���Ĥ4
 	�U� Y�� %��2�� �  .�
2�2 ��+
\4I�%��� 	7
AP�� �2 	
��48I� a�7i� ����7<�� ���O 	��4G ���

N5 �2 �S��6� ���6�� �� � 2��2 	S78� :�% o�
 � ���
� �� n� �� B4.�U� sq5 � ���/� � �7��G	��29 ROS 	� P�� .���I

 ����4G �2	7
A o��2 �,%��75� Y�� 7� 	+�% p����\45A :��I ���� 	%�� 7� 	
��48I�	� 3�i7
� 	
��2 ��� ���I)18( .

@4� @�� �2 SOD � �2�I P�� 	���2 p< @4.�� ����� �� -•2O �� �� 2O2H P���% 	���I N�R
A .POD  	!�>7<� �7�I ��

	� � ��78� ��
��% ����2�2�78G 9� ���2�� ��4�9 ��� ���I �2� 75� ���76.� ����2 ����� �� ��)31( 1�E�K �U.�q� �2 .

�
 ��4� � B4.�U�  �T �7+4� ����`SOD  �2 	�2��� p������Ĥ4
 	� �� ��A �� B�8
���/� ���K �I 2�2 v�� �
�S��� ���% 

 ��4�I B<�2 ��� ��4� �2 o��2 ��/� p< 1	�2��� p���� �2 ��	7
A N�R
A B4.�U� �I 1�� 	
��48I�SOD 	� =�U� 1����

	���I�  ��7<�2 �2 �����A  ��� �I B<�2	� �%���� :�% Y�� �A \5��% �� �	7
A o��2 ��U� ���9�� 12�� 	
��48I� ��
��

 B4.�U�POD 	� =�U� R4
 Y�� .22�G����44D% H�R� �T ��4� � B4.�U� �%POD  �� B�8
SOD  R4
 =��7K� ��	���� �� �%

 �2���2�� ��4�9 ���POD  F���� .����	� �I ��S�2 �48 %�2 ���%����  (���) �T ��4� R4
 � B4.�U� �2�� @4��-SOD  �2

 �� B�8
 ��A ��7<�2��Ĥ4
 ��hD% B4UE� 1B��2��4� � 	+��� �����7<�5 @4� 	��h �!��� j�9�% � �� ��� =�K �2 ���

 ��A ��7<�2	������ � ����Q6�4G ���2 	��h �!��� �7<��
� ���� ���
�5� ���
��5 �� � x K ���7� �  B<�2 ��� ��4�

	�2�� )36( 	q���� @4�` �2 . =��7K� �� @4��% 9� 	<�� ���� 	��h �!��� ���������T�.��R4�� � 	6B8�9	��4�4�  9�

 N�R
A B4.�U� ����SOD �I 1����R�� �A a�7i� ��� �9Z 2�< ��7I���I ����� �� �� ��� � _� 1@�A P�� 	��h �!���

��2
 .2�� 2���� 1� B.�<2microRNA ��� �� �78����>�� ��4� :��I �2 _�  =�V8� �T B<�5N�R
A Cu/Zn-SOD  �2

 ��4G 2���I �� d5�- �2 _48-��4���A 	��h �>�� @�� @�� 9� :4- B5� ��� g��RG)1( .% �� �� �46��47
���  g��RG Z��

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

24
-0

7-
16

 ]
 

                             8 / 13

https://dorl.net/dor/20.1001.1.16807154.1400.22.2.2.5
http://journal-irshs.ir/article-1-416-fa.html


�T ��4� � B4.�U� ��S.� �2 �44D%N�R
A 	<�� ���... ��� 

147 

	��I 2�2 =��7K� ���%  N7845microRNA 	��h �!��� ���/� �� �78��� � ���+� �� �2 ��4G n47
T ��7�9 �7��2 2��� R4


�I ���� �4y�% ��9  �!��� 	<�� 2���I9� 	��
 	��h  @4S�5 ���B<�2 	� ���O2�4G )37 1 41(. 

 �T ��4� � B4.�U�F���� �7�I ��  N�R
APAL ���� ��� �7�� @4��- sq5� �=���  �� B�8
 ��A ��7<�2 �2 PI��Ĥ4
  ��

	�� ���% 2��� P!� z�5� � @4� B��O� ��������� 	64.���7� ���
�y � �4.�� �2 	��h �!��� �� 	5�752 B�2���� p����

)13(  1z�5� @�� �� .2�2 s4E�% =��7K� �� @4S�5 ��� 9� 	��
 	��h �!��� B�2���� B<�2 �� ��4G 1(��O n�45 ����� ��)

 � �2�2 ���O 3�i7
� p���� �2B<�5  �4.�% �\4I�%��� .���B4.���7� ���5 j 
 �� �� 	 ��� ���� 9�4
 2��� �4.�� �����4��� 

2����.B5� �2��
 �%  B4.�U� sq5 @4� F��%�� 2���PAL �7�� �� �=���  ��7�9 �2 z�752 P��O 	��h �!��� sq5 �� PI

 g��RG) B5� ���11 .( B4.�U� B5� @6�� 1	��Q 9� N�R
A �� F���� �7+4� �T ��4� �PAL  	�2��� p���� �2��Ĥ4
1  F����

 :�% 9� _- ������A�� �� .���� ��A =�5 �2 2��9 =�>�� 9� 	��
�48 % @�� �4��% �2 @4V%��- B���
� 1PAL �2 ��4G��  _-

:�% p���� 9� 	78�9 �4 ��9 ��
��d� � ���5	G29 �� B���
� @�� � ��� g��RG  \45A 2��0� � N4��% �2 N�R
A @�� :/
 ��

 9� 	��
 @4�`:�%	��� �2�2 B�8
 �
�)321 34( .	� 	q���� @4�` �2 ���%�
��� ��
 Y��O 9� 	+i�PG 2��0� � �� �R4S
�

 ��7<�2 �2 �U� =�5 =�>�� ���� �2��� �
��� �4.�% ������Ĥ4
  =�5 �I) :4- �A 9� ����% �� 2��9 	�2��� 9� 	��
 :�%

�2�I .2�2 B�8
 @4V%��- @�� �Z�� sq5 �� (�
���47
��� �
�G ��� �U.�q�) ����4
 ��Ipomoea nil �I 2�2 ��+
 (PAL  9�

 ��� �� �4y�% B<�5 n4�484.�5 �45� �� 	���G ��9	� ���O �4y�%) ��239 .(	� �w
 �� �5�n�% �4y�% 9� 	+i��2�I  1��4�

 :4-PG ���9) �78� ��� Bi5 9�	�2��� 3���% �
�� vX!� �� 1(�R4S
� ��7�9 )14(  B5� @6��� F���� �2 �44D% �

 N84.���7�\4I�%��� .��� .B��G ���O 	5��� 2��� �E�K �U.�q� �2 |�>< @�� �2 N0� N�R
A �2 �I ���� 	�7�.�1  ���I �2

 Z�� �45� % @���I B5� P��% P��O R4
 \�q�  z�5���2���� 	��� g��RG 	�U� Y�� % ��4� v�q5 �2 ���2B��
�� �T ���

PAL  � ��A =�5 @4� Y��I�� �2��Ĥ4
 
 ����+�) B5� ��+27 .(  

 1�E�K �U.�q� �2JX<��  	��8����47
��� �T ��4� � B4.�U� ��R4� �� F���� N�R
A �5 �� F���� ���POD 1SOD  �

PAL @4�` 1 	
��i�� N�R
A 2��� �2PPO �+
 ���+� �	�U� Y�� % ��� 2��� �� �I ���Q �� N�R
A @�� B4.�U� ��R4� �2 ��2

=�5 @4� �2 � ��A �����Ĥ4
 ��S.� 1�T ��4� 	�U� Y�� % 2��� ����2 ��+
 �Q���� (���)�A ��0C � 9��� �2 ��2 F��%�� �2 ��

@�� .2�� ��7<�2 	�2��� sq5 �� =��7K� �� 	
��i���
  �� � @4V%��- �� ��� ��4� �T (���)	.��% ����% ��� P4.2 ��

����44D% ����% 9� _- ����48� �� �48� �44D% �� � @4V%��- ��B8�9 	7<�5 @�� �U� ��K�� �2 .���� �S�2 �� 	
��i���


 =��7K� �����7I�� 	���9�� N7845 o�
 �2 @4� B45�8K � BO2 Y�� % 9� 	��
B8�9	��4�4� ���� 	.�6�� �1  �I ���Q ��

�9��
���9A @4K 1����0S
 1�
��
 �40% 9� N�� :���9A a�7i� PK��� �2 	�Z�� B45�8K 9� N�R
A B4.�U� ��4G � :�N�@4�` 

 B4 4I�2�� B5� ��2��<��  �@������� 2��2 2��� n`�I ����q< 2��� =��7K� � �2 1�T 	�8
 ��4� 	5��� �I 	%��! �2

 .B5� ��2��<�� ��%Z�� ��48� BO2 9� 1�G9�A 	K��Q � �S.� �UqO 3�i7
� �2 BO2 Y��!@�������1  ��
��` �� ������47
��� 

 �T �%Z�� 	�8
 ��4� 1N4�2 ���O �T ��4���4� ��� ��A 	�2��� p���� �2 =��7K� �� 9� 	��
 :�% p���� t�2 �� F����

 B5� B<�2 ��� @4S�5 ��4� ��� ���K)71 35(�7�� @4� 	 �� �q��� 2��� .� �=���  �T ��4� � PIPPO  R4
 =��7K� ��

 ��45��48I� �� F����\4I�%��� ���. .B5� N�R
A @�� p5�% 	B4.�U� � =��� ���7�� @4� 	 �� 	S78��� PPO  �2

) ��� �9Crocus sativus L.) B5� ��� g��RG R4
 (12 .(N�@4�`  �%Z�� 	�8
 ��4� @�� �� B�8
 ��A 	�2��� p���� �2 �T

��Ĥ4
 1 =��7K� �� �� N�R
A @�� 	 �� �4y�% ����I �4��% ������PG 	�2 .���� B4.�U� ��R4� @4� 	 �� 	S78��� 2��� �I ��`

PPO ) ��
� �2 ���< 2��U% �Mangifera indica L. ( R4
RG� g�) B5� ���28 .(  

+2������3  
1	�I ��Q �� ��	� �w
	7
A B4��C �5�PG ���9 �2 ��7�9 ��7<�2 H�� B��� 	
��48I��
��� �R4S
� ���� 	�
�� ���

 2��9 	�4< �U� =�5 =�>�� �4.�% ��9�4y�%  � ��A) B<�2 	�2��� B.�K��Ĥ4
 	�
 ���O (�2�� � B4.�U� ��R4� :��I .2�4G

�T ��4�  N�R
A (���)SOD 	� o�E�� @�� 2�< �I 1��A ��7<�2 �2� �
��% � B��O� �y� �2 	��h �!��� B�2���� 2��� �Q�<

���
� @4��� �����4� � 	+�� 1���� ��� =�K �2 ��� �T ��4� � B4.�U� ��R4� :��R�� �) N�R
A (���POD  � ��� �����

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

24
-0

7-
16

 ]
 

                             9 / 13

https://dorl.net/dor/20.1001.1.16807154.1400.22.2.2.5
http://journal-irshs.ir/article-1-416-fa.html


����6�� � ��6752 

148 

=2�U7�	� �% .2��	�
 �w
 �� �I �5�	7
A B4��C �44D%PG ���9 �2 	
��48I��4y�% ���� ��7�9 �R4S
� ����- �2 ���hG

 �7+4� � ���� �7��2 	��E�� B����� 	�2��� 3���% ��4�4- ��������� N84.���7� �� p�%��\4I�%��� .��� ��4�9 @�� �2 	

.����� ��hG�4y�%  @�� ���/� �I ��`\4I�%�� PG ���9 �2 ��A ��7<�2 �2 �A ���/� ����� �2 9� :4� ��Ĥ4
 ��7<�2 �2 �R4S
�

.2��  

4��",                                                                                                                                  References 

1. Abdel-Ghany, S.E. and M. Pilon. 2008. MicroRNA-mediated systemic down-regulation of copper protein 

expression in response to low copper availability in Arabidopsis. J. Biol. Chem. 283: 15932-15945. 

2. Al-Shdiefat, S.M. and M.M. Qrunfleh. 2008. Alternate bearing of the olive (Olea europaea L.) as related 

to endogenous hormonal content. Int. J. Agr. Sci. 4: 11-25. 

3. Apel, K. and H. Hirt. 2004. Reactive oxygen species: metabolism, oxidative stress, and signal transduction. 

Annu. Rev. Plant Biol. 55: 373-399. 

4. Barranco, D., A. Cimato, P. Fiorino, L. Rallo, A. Touzani, C. Castañeda, F. Serafín, and I. Trujillo. 2000. 

World catalogue of olive varieties. International Olive Oil Council, Madrid. 

5. Baxter, A., R. Mittler, and N. Suzuki. 2013. ROS as key players in plant stress signalling. J. Exp. Bot. 65 

(5): 1229-1240. 

6. Benjeddou, H., C.B. Ahmed, and B.B. Rouina. 2019. Influence of antioxidative enzymes, phytohormones 

and pigments in alternate bearing of three olive cultivars. Sci. Hort. 253: 17-23. 

7. Boeckx, T., R. Webster, A.L. Winters, K.J. Webb, A. Gay, and A.H. Kingston-Smith. 2015. Polyphenol 

oxidase-mediated protection against oxidative stress is not associated with enhanced photosynthetic 

efficiency. Ann. Bot. 116: 529-540. 

8. Bradford, M.M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein 

utilizing the principle of protein-dye binding. Anal. Biochem. 72: 248-254. 

9. Chance, B. and A. Maehly. 1955. Assay of catalases and peroxidases. Methods Enzymol. 2: 764-775. 

10. Chang, C.C., M.H. Yang, H.M. Wen, and J.C. Chern. 2002. Estimation of total flavonoid content in 

propolis by two complementary colorimetric methods. J. Food Drug Anal. 10 (3). 

11. Dabbaghi, O., M. Tekaya, N. M'barki, S. Ouled ali, S. Öden, M.A. Mezghani, F. Attia, F. Labidi, E. 

Prinsen, and M. Hammami. 2018. Effect of foliar bio-fertilization on growth and biochemical parameters 

of olive trees at flowering. J. Plant Nutr. 41: 2281-2297. 

12. Esmaeili, N., H. Ebrahimzadeh, and K. Abdi. 2017. Correlation between polyphenol oxidase (PPO) 

activity and total phenolic contents in Crocus sativus L. corms during dormancy and sprouting stages. 

Pharmacogn. Mag. 13 (3): S519-S524. 

13. Fernández-Escobar, R., G. Beltrán, M. Sánchez-Zamora, J. García-Novelo, M. Aguilera, and M. Uceda. 

2006. Olive oil quality decreases with nitrogen over-fertilization. HortScience, 41: 215-219. 

14. Fernandez-Escobar, R., M. Benlloch, C. Navarro, and G. Martin. 1992 .The time of floral induction in the 

olive. J. Am. Soc. Hort. Sci. 117: 304-307. 

15. Fujita, S., N.b. Saari, M. Maegawa, T. Tetsuka, N. Hayashi, and T. Tono. 1995. Purification and properties 

of polyphenol oxidase from cabbage (Brassica oleracea L.). J. Agric. Food. Chem. 43: 1138-1142. 

16. Giannopolitis, C.N. and S.K. Ries. 1977. Superoxide dismutases: I. Occurrence in higher plants. Plant 

Physiol. 59: 309-314. 

17. Gill, S.S. and N. Tuteja. 2010. Polyamines and abiotic stress tolerance in plants. Plant Signal Behav. 5: 26-

33. 

18. Kanta, C. and I.P. Sharma. Chapter-7 Antioxidant Defense System in Medicinal Plants against Abiotic 

Stress. 145-160. 

19. Kitsaki, C.K., E. Andreadis, and D.L. Bouranis. 2010. Developmental events in differentiating floral buds 

of four olive (Olea europaea L.) cultivars during late winter to early spring. Flora. 205: 599-607. 

20. Lavee, S. 2007. Biennial bearing in olive (Olea europaea L.). Ann. Ser. His. Nat. 17: 101-112. 

21. Livak, K. and T .Schmittgen. 2001. Analysis of relative gene expression data using real-time quantitative 

PCR and the 2-ΔΔCT  method. Methods. 25 (4): 402-408. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

24
-0

7-
16

 ]
 

                            10 / 13

https://dorl.net/dor/20.1001.1.16807154.1400.22.2.2.5
http://journal-irshs.ir/article-1-416-fa.html


�T ��4� � B4.�U� ��S.� �2 �44D%N�R
A 	<�� ���... ��� 

149 

22. Mert, C., E. Barut, and A. Ipek. 2013. Quantitative seasonal changes in the leaf phenolic content related to 

the alternate-bearing patterns of olive (Olea europaea L. cv. Gemlik). J Agr. Sci. Tech. 15 (5): 995-1006. 

23. Munoz-Fambuena, N., C. Mesejo, M.C. Gonzalez-Mas, E. Primo-Millo, M. Agustí, and D.J. Iglesias. 

2012. Fruit load modulates flowering-related gene expression in buds of alternate-bearing ‘Moncada’ 

mandarin. Ann. Bot. 110: 1109-1118. 

24. Ryan, D., P.D. Prenzler, S. Lavee, M. Antolovich, and K. Robards. 2003. Quantitative changes in phenolic 

content during physiological development of the olive (Olea europaea L.) cultivar Hardy's Mammoth. J. 

Agric. Food. Chem. 51: 2532-2538. 

25. Saunders, J.A. and J.W. McClure. 1974. The suitability of a quantitative spectrophotometric assay for 

phenylalanine ammonia-lyase activity in barley, buckwheat, and pea seedlings. Plant Physiol. 54: 412-413. 

26. Shalom, L., S. Samuels, N. Zur, L. Shlizerman, A. Doron-Faigenboim, E. Blumwald, and A. Sadka. 2014. 

Fruit load induces changes in global gene expression and in abscisic acid (ABA) and indole acetic acid 

(IAA) homeostasis in citrus buds. J. Exp. Bot. 65: 3029-3044. 

27. Shalom, L., S. Samuels, N. Zur, L. Shlizerman, H. Zemach, M. Weissberg, R. Ophir, E .Blumwald, and A. 

Sadka. 2012. Alternate bearing in citrus: changes in the expression of flowering control genes and in global 

gene expression in on-versus off-crop trees. PLoS One. 7: e46930. 

28. Sharma, R.R., C.N. Singh, and A.M. Goswami. 2001. Polyphenol oxidase activity in mango (Mangifera 

indica L.) in relation to flowering behaviour and the malformation incidence. Fruits. 56: 219-224. 

29. Shimada, K., K. Fujikawa, and K. Yahara. 1992. Antioxidative properties of xanthin on autoxidation of 

soybean oil in cyclodextrin emulsion. J. Agric. Food Chem. 40: 945-948. 

30. Singleton, V.L. and J.A. Rossi. 1965. Colorimetry of total phenolics with phosphomolybdic-

phosphotungstic acid reagents. Am. J. Enol. Viticult. 16: 144-158. 

31. Sofo, A., B. Dichio, C. Xiloyannis, and A. Masia. 2005. Antioxidant defences in olive trees during drought 

stress: changes in activity of some antioxidant enzymes. Funct. Plant Biol. 32: 45-53. 

32. Solecka, D. and A. Kacperska. 2003. Phenylpropanoid deficiency affects the course of plant acclimation to 

cold. Physiol. Plant. 119: 253-262. 

33. Taiz, L. and E. Zeiger. 2006. Plant Physiology 4. ed Sinauer Associates Inc. Sunderland, USA. 

34. Teklemariam, T.A. and T.J. Blake. 2004. Phenylalanine ammonia‐lyase‐induced freezing tolerance in jack 

pine (Pinus banksiana) seedlings treated with low, ambient levels of ultraviolet‐B radiation. Physiol. Plant. 

122: 244-253. 

35. Thipyapong, P., J. Melkonian, D.W. Wolfe ,and J.C. Steffens. 2004. Suppression of polyphenol oxidases 

increases stress tolerance in tomato. Plant Sci. 167: 693-703. 

36. Troncoso, A., J. Garcia, and S. Lavee. 2008. Evaluation of the present information on the mechanisms 

leading to flower bud induction, evocation and differentiation in Olea europaea. in VI International 

Symposium on Olive Growing. Acta Hort. 949. 93-98. 

37. Turktas, M., B. Inal, S. Okay, E.G. Erkilic, E. Dundar, P. Hernandez, G. Dorado, and T. Unver. 2013. 

Nutrition metabolism plays an important role in the alternate bearing of the olive tree (Olea europaea L.). 

PloSOne. 8 (3): e59876. 

38. Ulger, S., S. Sonmez, M. Karkacier, N. Ertoy, O. Akdesir, and M. Aksu. 2004. Determination of 

endogenous hormones, sugars and mineral nutrition levels during the induction, initiation and 

differentiation stage and their effects on flower formation in olive. Plant Growth Regul. 42: 89-95. 

39. Wada, K.C., K. Mizuuchi, A. Koshio, K. Kaneko, T. Mitsui, and K. Takeno. 2014. Stress enhances the 

gene expression and enzyme activity of phenylalanine ammonia-lyase and the endogenous content of 

salicylic acid to induce flowering in pharbitis. J. Plant Physiol. 171: 895-902. 

40. Xie, X., Z. He ,N. Chen, Z. Tang, Q. Wang, and Y. Cai. 2019. The roles of environmental factors in 

regulation of oxidative stress in plant. Biomed Res. Int. 2019: 1-11. 

41. Yanik, H., M. Turktas, E. Dundar, P. Hernandez, G. Dorado, and T. Unver. 2013. Genome-wide 

identification of alternate bearing-associated microRNAs (miRNAs) in olive (Olea europaea L.). BMC 

Plant Biol. 13:10 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

24
-0

7-
16

 ]
 

                            11 / 13

https://dorl.net/dor/20.1001.1.16807154.1400.22.2.2.5
http://journal-irshs.ir/article-1-416-fa.html


����6�� � ��6752 

150 

42. You, J. and Z. Chan. 2015. ROS regulation during abiotic stress responses in crop plants. Front. Plant Sci. 

6: 1092. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

24
-0

7-
16

 ]
 

                            12 / 13

https://dorl.net/dor/20.1001.1.16807154.1400.22.2.2.5
http://journal-irshs.ir/article-1-416-fa.html


�T ��4� � B4.�U� ��S.� �2 �44D%N�R
A 	<�� ���... ��� 

151 

Iranian Journal of Horticultural Science and Technology 22 (2): 139- 150 (2021) 
Research article 

 
Changes in Gene Expression and Activity Pattern of Some Antioxidant 

Enzymes in Olive Trees (Olea europaea L. cv. Conservalia) in Relation to 

Alternate Bearing 

 

E. Dastkar, A. Soleimani*, H. Jafary, A. Bahari and M. Zeinolabedini11 

 

The alternate bearing, severe fluctuation in annual fruit yield, causes a type of abiotic 
stress in olive trees during ON-year, i.e. the year with high fruit load. Hence, one could 
assume a hypothesis in variation of leaves antioxidant capacity in this regard. The current 
study was conducted aimed at assaying this hypothesis through analyzing some antioxidant 
enzymes activities and their gene expression patterns. For this, leaves samples were collected 
from 12-year-old olive (cv. Conservalia) trees, both ON- and OFF-type, at flower bud 
induction phase during two successive years. Among studied criteria such as antioxidant 
capacity, phenol, flavonoid and total protein contents, the amount of phenol in OFF-trees was 
substantially higher than ON-trees. The activity of peroxidase (POD), superoxide dismutase 
(SOD) and phenylalanine ammonia-lyase (PAL) was considerably influenced by bearing 
status. In comparison to OFF-trees, the activity of the POD enzyme was higher in ON-trees, 
and the opposite trend was revealed in terms of SOD and PAL activities. The relative gene(s) 
expression of POD and polyphenol oxidase (PPO) in ON-trees, and SOD and PAL in OFF-
trees was significantly high. While the SOD showed downward trends, the POD witnessed an 
upward pattern in terms of its activity and gene(s) expression profile in ON-trees. In general, 
the phenolic compounds synthesis and their consumption are the dominant metabolic process 
in OFF- and ON-trees, respectively.  
Keywords: Abiotic stress, Antioxidant capacity, Biannual bearing, Olea europaea L. 
Phenolic compounds. 

 
 

 

 
1. Former Ph.D. Student and Associate Professor, Department of Horticultural Science, Faculty of Agriculture, 

University of Zanjan, Associate Professor, Department of Plant Protection, Zanjan Agricultural and Natural 
Resources Research and Education Center, AREEO, Zanjan,, Assistant Professor, Research Institute of 
Modern Biological Techniques (RIMBT), University of Zanjan, Zanjan and Associate Professor, 
Agricultural Biotechnology Research Institute of Iran (ABRII), Agricultural Research, Education and 
Extension Organization (AREEO), Karaj, Iran, respectively.    

* Corresponding Author, Email: (asoleimani@znu.ac.ir). 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

24
-0

7-
16

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://dorl.net/dor/20.1001.1.16807154.1400.22.2.2.5
http://journal-irshs.ir/article-1-416-fa.html
http://www.tcpdf.org

