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ABSTRACT 

Preharvest fruit splitting of citrus is a physiological disorder that every year in susceptible cultivars such as 'Page' 
mandarin, reduces the marketable crop and increases the fungal infection of fruits in orchard and storage. Due to the 
role that three elements potassium, calcium and boron can play in the strength of citrus peel, a research was 
performed based on randomized complete blocks design to determine the effects of single foliar application of 'Page' 
mandarin trees with different ratios of three minerals: potassium nitrate (1 %), calcium nitrate (1 %) and boric acid 
(0.5 %) at the end of June drop on severity of splitting, polygalacturonase activity and yield traits. The results showed 
that the treatments did not affect the activity of polygalacturonase, but reduced the splitting percent from about 12.3 
% to 8.3 % and increased tree yield, fruit weight and juice percent of fruits. Based on the findings, the lowest splitting 
was observed in calcium-containing combined treatments. Potassium-containing treatments had the highest yield, 
fruit weight and juice content. Therefore, 'Page' mandarin producers can be recommended to foliar application of 
trees by a combination of all three elements of potassium, calcium and boron at the end of June drop to reduce the 
splitting percent and improve the quantity and quality of production. 
 
Keywords: Cracking, citrus, foliar nutrition, peel thickness 

  

  

  

  

  

  

  

  

  

  

  

  

  



334  �����  :
����	  �!"� #$�%& '!�� ()��)�  ’ *+, ‘   !� -!�+'�� ./0 1� 2
��!� 3+�45 ��67+2 ... 

 
  

  


�#<�    

45+3 2
��!� 1� ./0 �'�+-!�  &9��� :�/-!3  ;�

 �� 45+3 2
5' &- 2<� ;��=7 .>�? � @%A5�5%B+7

CD 4��� ;!+'  �3 ���� 
D 2<5* !�  4�%�* E%� .�F-

 G!��' H��� ��+�5� &I!J 1� 45+3 K#? E	9

�'�+<5*  � 45+3 &� �� ;��%1 :���I � 4�
 ��/)� � L�� �

�3 .+	M� 4�FF-�+�5�  NOP� :�/-!3 45+3 �'�+-!� .�F-

Q0� �� � 4�
 1�PD 4�(O' 1�  !R0 &� S5T 2/�) &- �%� 

45+3 �� E+FU	  � �
�� E+%�* 45+3 �� ;�   2<5* � �#�

K�) !'� 4V%5� W1�)  �F
�� &�
�� ;1�� 4�(O' �% 4�5� ���

 ;!�=+� X5+
) ����Mupambi, 2010; Cronje et al., 

2013; Khadivi-Khub, 2015�� 4�%�* E%� �<�!� .( 

 4�(O' 2<5* 23�Y9 &- 2<� 4��� 
�=) D5) Q0� �()��)

45+3 W!� ;�  45+3 1� !�	- 4��5I  E+%�* � 4�5� Q��< ;� 

K�R6)� 
�5� 
�!� ;!%#* E++6� .3�5� 1� �!�  :�
 4�FF-

�3 C5�M3 �'�+-!� 5
) �Cronje et al., 2013 .(  

�'V%� !� 4�Z� [F� �45+3 ;! �\ ;�    �)]5T ��D

&�) :�3  �T &- B+) (45+3 .+�=� &+��� .?�!3 �� 4V%�

S�< � [ �- �� 
�3�5=- �� !+I� ;� ��G  � 4��^� ;� 

�3 2<� 4�
 �%�=� &)������  !� �_F3 !+"`� �� �)�5�

S5O< �
� � ��5O< Q+�a�  �2<5* ;�  S�	�?�

) � � [%�B7� �� �'�+-!�Wol et al., 2005; Khadivi-

Khub, 2015 &- ;!>�F� �5/	- �.3�5� E%� ��F- �� .(

4��5%� b��M�<� � 2I�< ��  45+3 2<5* ��5O< ;� 

&� �)��� [a) �3 !c� � Q+<��* �Q+�O- 4V%�  �>�� �)�5�

45+3 W!� ;�  ) �F- !�=+� �� 4��5ILu & Lin, 2011; 

Stander, 2013; Adouli & Tajvar, 2020 d%�!
 �� .(

 23��a3 � [ �- 2<5* 23�Y9 �Q+<��* �5/	-

 E+%�* ��
5' [Y� �
� 1� .>�? ��=7 &� 
D ;���I�<

�3  C5<� .+�=� Ne53 E+FU	  �5/	- E%� .�%D

 �� �� Q+�O- Q^< � 4�
 45+3 2<5* �� Q+�O- :�_�7

+� � ��5O< 4��5%� 2I�<�3 [ �- �)�+3 &$  &- � �

�3 2<5* ��%B+7 b��M�<� 
�3D E+%�* H���  �5


)Sdoodee & Chiarawipa, 2005; Khehra & Ball, 

2012; Stander, 2013; Sing, 2016 B+) !c� �5/	- .(

�3  4��5%� 5	) ���5O< Q+�a� �� &- �=a) .+�� &� �)�5�

I5< �� �F0 S�a�)� ��=��D ;� �)�D &6<5� ���5O< � 2

@	) C#e E+FU	  � !_�7 � 
A�!�+) 1�<  !+"`� ����� � 

�F63 45+3 �>�� [%�B7� !� ;��� W!� ;�   &�
�� 4��5I

) �
��Sing, 2016 1� ./0 �'�+-!� &- �%�f)D 1� .(

 � 4�5� ;��6�3 �%�+	+
5+� ;� �F%D!7 .>�? 2
��!�

[F-�� 1� � �!'  &$+� SZM)� &� g5�!3 �	%B)D ;� 

%� � �)�+3�3 .3�
 �� 2<5* ��5O< 4��5  !h)�� ��5


Q%B)D E%� 2+��67 !� !"i3 .3�5� E�7!' �3 B+) �   �)�5�

 @%A5�5%B+7 &9��� E%� �<�!� 1� ;!(%� Q^3 &/Fe

�O* .�
�� jI�
 1� ��% 1�)��5�-]�' Q%B)D E%!�  ;� 

 N%!Y� �� &- 2<� :�/-!3 45+3 �'�+-!� �� .+I�

S5O< ��5O< 4��5%� 2<5* ;�   
D .	M� [ �- Ne53

 � 4�
 2
5' Qf? [%�B7� 1� .>�? ;� ��=7 &�

�3 [%�B7� �� �'�+-!� S�	�?� ) � �Moctezuma et 

al., 2003 d<5� B+) E%� 1� [+* X5953 E%� .(Lu & 

Lin )2011 �� �� Q%B)D E%� 2+��67 � 4�
 4��
� (

45+3 W!� ;�   ���? :�/-!3 4��5I131 �>��  1� !�=+�

45+3 ;�  4�!- G��B' Q��<  .�)�  

 � Q+�O- �Q+<��* !kF� &< ;�+O- [a) &� &e5� ��

�3 &- 45+3 2<5* ��%B+7 b��M�<� � � ���� �� !c�  �)�5�

45+3 �>��  �� �� � ��!0 !+"`� 2M� �� 4��5I W!� ;� 

 ,+* Q0� l���1 �()��) �'!� &%#$� !+"`� �!9�? m+aM�

45+3 5	) �%����� .?�!3 �� -!� �� �  &< 1� �_O�Y3 :�/+

:�!�+) S5OM3   Q+<��*1 �>�� Q+�O- :�!�+) �1 �>�� 

 @%�5� �+<� �5/0 �>��  1� ./0 �'�+-!� :�
 !�

 2+��67 &R��� � 4�
 E++6� ;�!�O	� :�_> � 2
��!�

�O* Q%B)D  ��53 �5-#3 ;� ��	+� �� 45+3 27�� 1�)��5�-]�'

 .2<� &�7!' ��!0 m+aM� 

  

=(� ( ���� �:  

 E%�W5O� ;��3D o!T N��0 �� [ �V*  .3�- ;� 

 S�< �� ��I�� �� ��!�� &< �� �7��k�1398  ;��

 
��I��15 �()��) &��<’,+*‘ )Citrus  reticulata cv. 

Page( ) 5O3�!�+< &%�* ;�� ;�)5+*Poncirus trifoliata 

× Citrus paradisi cv. Duncan 4��= �V* .M3 �� (

45+3 � :�/-!3 &	+) ;�  !' 
��<!^
 �� r0�� ;!+�3

) !�3��36  � &e��52  � ���	
 t!� &a+0�50  � &e��

40 �0!
 S5T &a+0� X�_��� �� (21 -  �%�� uR< 1� !�3

v%�� �� �=%�31D 
��I�� .�
 b�f)�  ��5Fe ���	
 ;� 

 v%�� &O>�7 ��8  �� !��!� v%�� ;�� &O>�7 � !�34  !�3



   b5O��)�/P�� 
�!%���� �� 53��	
 �� 2 �
������ 1401  335 

 

!3 � ;�
� :�kY=3 !h) 1� � 4�5� !a��32/0�  ;� 

 ���5e GB%� 
�%�* �� .�F�
�� �^��=3 2+69� ;���P��

S5OM3 ��	+� 2_   Q+<��* :�!�+) .3�
 �'!� �
�*1 

�>�� Q+�O- :�!�+) w1�>��  @%�5� �+<� w5/0 �>�� w

 Q+<��* :�!�+)1 �>�� Q+�O- :�!�+) +1 �>�� :�!�+) w

 Q+<��*1 �>�� @%�5� �+<� +5/0 �>�� :�!�+) w

 Q+�O-1 �>�� @%�5� �+<� +5/0  �>�� :�!�+) �

Q+<��* 1  �>�� Q+�O- :�!�+) +1  �>�� @%�5� �+<� +

5/0 �>�� W5O� 1� @% !  ��  
��I�� 1� � �
 �!e� � 

S5OM3 CD � 4�=) �
�*  GB%� 
�%�* �� 4�
 �
�*

�'V%� .�
 4��_�<� � �
 �� 
�5F� &� ���5e  �<�!� ;� 

.3�
 �=%�31D ;� �?�� �� 4�
 45+3 �>��  W!� ;� 

�O* Q%B)D 2+��67 �4��5I  2<5* 27�� �� 1�)��5�-]�'

 � 45+3 @� 
1� �2<5* 23�Y9 ��!�O	� �45+3 4�(O'

 �'�+-!� �>�� &/<�M3 ;�!� .�5� 4��k� �>��

45+3 45+3 .- ���6� �2I�� !  ;�  W!� ;�   &- 4��5I

 &� �5� 4�
 G��	
 2
��!� 
�31 �� 
������ d<��� 1�

5>45+3 .- 1� ;�>�� :�  .�
 G��B' 2I�� ;� 

41��)� �O* Q%B)D 2+��67 ;!+'  &+?�) 2<5* �� 1�)��5�-]�'

 �'�+-!� X�!
 1� �6� 4�3 @% 
�31 �� 45+3 4�(O'

 G�� m��R3Faize et al. )2003 E%� �� .�
 b�f)� (

S5OM3 1� G��  1� � !7�� 
�5F� &� :��<� � :��5� ;� 

;� <� @+)��5�-]�'�O* � �+  &� �+<� @+)��5�-]�'

S5OM3 
�5F� &� N+�!�  4��_�<� �!���5< � ����)��<� ;� 

 y53 S5T �� ;�5) C#e 2z�!0 .�
274  d<5� !�35)�)

 !�35�7�!��|<�Shimadzu  S�3UV-1800  2I�<

 b!'�!�+3 �?�� �� Q%B)D 2hOP � 27!' b�f)� E*�A �5=-

)5	) !� 
1� b!' !  ;�!� &a+0� !  �� ;�!� .�
 G��B' &

) �;�!�O	� :�_> E++6�&)5	  ;� Qf? &� �7��k�25 

 2<5* 23�Y9 .�%�!' 2
��!� y�� 2^e ��^J 1� 45+3

 S�3) S��+f%� }+�5- 1� 4��_�<� �� 4�(O' &+?�)

Guanglu 41��)� (
�5%�� �5=- 2I�<  
1� .�
 ;!+'

CD 1� �6� � ./0 45+3 E%15� �� 4��k� �>�� � 45+3  ;!+'

 S�3) S��+f%� ;�1�!� d<5�Sartorius, GM-6101 

 20� �� (
�	�D �5=- 2I�<01/0  &%Bf� .�
 E++6� b!'

4��� b!) �� �   ;��3D ��B7�SAS  &Y�))9.1 &�%�a3 � (

;�!� � ��	+� E+()�+3  uR< �� �-5� 
531D �� 2_> ! 

 S�	�?�5 �>��  .27!' b�f)�  

  

>5	 ( ���)�  

4��� })�%��� &%Bf�  !� � ��	+� !"� &- ��� 
�=) � 

 ���a3 E+FU	  � 2
��!� 1� ./0 �'�+-!� :�


�F63 ;�!�O	� :�_> � S5kM3  2+��67 ��� 4�5� ���

�O* Q%B)D !0 ��	+� !+"`� 2M� 45+3 27�� 1�)��5�-]�' ��

 S��e) 2<� &�7!()1 .(  

  

���� �������  

 �� � �
 4�!' ��29/12  �86/11 W!� �>��  �'��5I

 � &�
�� �� 2
��!� 1� ./0 �'�+-!� :�
 E%!�]��

45+3 �>�� E%!�	-  ;� ��	+� �� 4��5I W!� ;� 

K+Ca  �K+Ca+B  �� N+�!� &�31/9 �>��  �36/8 

�>��  .�
) �
 4�%�13D 2<� &� :��ZT� .( 
�=) 4�

 S5OM3 �� 1� @% !  �� @%�5� �+<� 
�
 N+-!� &- ���

 �'�+-!� :�
 &J!'� �Q+<��* :�!�+) �% Q+�O- :�!�+)

) !�!� ��	+� �� uR< &� ��K+Ca  �K+Ca+B 4�)�<� (

�F63 :��_� �3� �2<� @� ;� ��	+� �� B+) ;���  ;!kF�

 1� �/+-!� ;� ��	+� 2+a753 �X5	f3 �� .2<� &�
��)

 !h) @� ;� ��	+� 1� !�^� �'�+-!� :�
 [ �-

 � Q+<��* !kF� �� N+-!� �
�+3 E%� �� � 4�5� ;!kF�

&7�9� � &�
�� �� 2+69� E%!�^� Q+�O-  
�


�+<� �'�+-!� [ �- !� ;!+"`� N+-!� E%� &� @%�5�

.2<� &�
��)  

 
 S��e1!"� })�%��� &%Bf� ,%��) . &%#$� �'!� �'�+-!� !� �O* 2+��67 �45+3 2
��!� 1� ./0  ;�!�O	� :�_> � 1�)��5�-]�'

 �()��)’,+*‘.  
Table 1. Results of variance analysis effect of foliar nutrition on preharvest fruit splitting, polygalacturonase activity 

and yield traits of ‘Page’ mandarin. 
Means of squares 

d.f. Source of 
variation Fruit juiciness Fruit weight Yield Polygalacturonase activity Splitting intensity 

0.453ns
 11.66ns

 3509.712ns
 0.168ns

 48.442ns
 2 Block 

6.106**
 195.864**

 3753.6**
 0.34ns

 292.682** 
8 Foliar nutrition 

4.793 48.475 753.713 0.024 85.665 16 Error 
     26 Total 

7.13 8.76 14.62 4.21 9.03 - C.V. (%) 
ns  �** N+�!� &� : �5/)�F63 :��_� �F63 :��_� � ���  S�	�?� uR< �� ���1 .�>��  

ns, **: Non-significantly difference and significantly difference at 1 % of probability level, respectively. 



336  �����  :
����	  �!"� #$�%& '!�� ()��)�  ’ *+, ‘   !� -!�+'�� ./0 1� 2
��!� 3+�45 ��67+2 ... 

 
 

 
 .�
1 !"� E+()�+3 &�%�a3 .&%#$� W!� �>�� !� �'!� .,+* Q0� �()��) 45+3 2
��!� 1� ./0 �'��5I  

Figure 1. Mean comparison effect of foliar nutrition on percent of preharvest fruit splitting of ‘Page’ mandarin. 
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Figure 2. Mean comparison effect of foliar nutrition on yield of ‘Page’ mandarin trees. 
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Figure 3. Mean comparison effect of foliar nutrition on fresh fruit weight of 'Page' mandarin. 
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Figure 4. Mean comparison effect of foliar nutrition on peel thickness of ‘Page’ mandarin. 
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Figure 5. Mean comparison effect of foliar nutrition on fruit juiciness of ‘Page’ mandarin. 
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