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Effect of Foliar Application of Calcium and Potassium Nano- Chelates on 

Some Quantitative and Qualitative Characteristics of Punica granatum L. 

cv. Zardanar during Cold Storage 
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>��� 1- S�W���* (�!�;* �.�4 
<  �� 
��	9!���� � �.� -��* �2������  � �� �@ �A.  
Table 1. Mean comparison of the effect of applied treatments on quantitative and qualitative characteristics of pomegranate Zardanar cultivar. 

�.�4��  

Treatments 

 G� �@�

G!B��(&
	)  

Total 
weight of 

arils (g) 

 �@�100 

G!B(&
	)  
Weight of 

one 
hundred aril 

(g) 

 K���

�@�(%) 

Weight 
loss (%) 

 Z��/-�VA � 

��/(%)  

Browning 
index 
(%) 

���! O8�(%)  

Ionic 
leakage  

(%) 

8� ��! O

������(%)  

Potassium ion 
leakage 

(%) 

-��*���  �*��

>��1*(%) 

TSS  
(%) 

 

 G��A (�!��� 


��4(%) 

TA  
(%)  
 

�RE Z��/  

TSS/TA 

 �$/�

O��� 

  
L* 

 �*�
�O���  

Peel 
chroma 

���/  

Control 
141.48c† 29.04c 6.40a 44.17a 63.08a 62.76a 17.48b 1.68c 11.39a 48.48c 6.95c 

����� ������� 5/2 &
	 
��: �  

Nano chelate calcium 2.5 
1-g L 

144.44c 33.94b 4.81c 16.25bc 46.27d 47.09c 18.26a 1.96a 9.56c 49.51c 7.04bc 

 ������� �����5 &
	 
��: � 

g Nano chelate calcium 5 
1-L 

154.47b 33.59b 5.16b 10.83c 47.25d 46.77c 18.06a 1.87b 10.10b 51.79b 7.19b 

 ������ �������2 &
	 
��: � 

Nano chelate potassium 2 
1-g L  

163.62a 35.16ab 4.69c 18.75b 56.46c 55.37b 18.17a 1.99a 9.54c 55.38a 7.44a 

 ������ �������4 &
	 
��: � 

Nano chelate potassium 4 
1-g L  

141.47c 36.68a 5.03bc 11.25bc 55.13c 56.18b 18.28a 2.00a 9.49c 54.15a 7.36a 

†Means followed by the same letters in each column are not significantly different at 5% level of probability according to LSD test. 

S�W���* ���� 
� � (� �!��u
\���  >�.�\  ^_� � �� � C
�8*5 %  ��*@B e�� 
�LSD  ���24�$R* �� .�� �� 
W!�W! ��  
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 >���2 – �"�  ��*@ 
<  S�W���* (�!�;*���*  
��	9!���� �.� � -��* �2������ �@ �A ��  � 

Table 2. Mean comparison of the effect of storage time on quantitative and qualitative characteristics of the Zardanar cultivar of pomegranate. 

��*@ ���*�"�  

Storage time 

 G� �@�

G!B�� (&
	)  

Total weight 
of arils (g) 

 �@�100 

G!B (&
	)  

Weight of 
one 

hundred 
arils (g) 

 ���@� K�(%)  

Weight loss (%) 

 Z��/-�VA � 

��/(%)  

Browning 
(%) 

���! O8�(%)  

Ionic leakage 
(%) 

 ��! O8�

������(%)  

Potassium ion 
leakage (%) 

-��*��� 

 �*��

>��1*(%)  

TSS 
(%) 

 G��A (�!��� 


��4(%)  

TA 
(%) 

�RE Z��/ 

TSS/TA 

 �$/�

O��� 

 L* 

 �*�
�

O��� 

Peel 
chroma 

 �
� ��*@O/  

Harvesting time 
158.86ab† 36.90a 0 0 36.63c 36.97c 17.89a 1.72b 10.60b 49.29b 7.02c 

5/1 -�*  
1.5 Months 

152.64a 33.59b 4.77b 17.00b 51.74b 51.27b 18.23a 2.49a 7.28c 52.35a 7.22b 

3-�*  

3 Months 
145.64b 30.55c 5.66a 23.50a 72.54a 72.66a 18.00a 1.49c 12.17a 53.94a 7.34a 

†Means followed by the same letters in each column are not significantly different at 5% level of probability according to LSD test. 
S�W���* ���� 
� � (� �!��u�
\  >�.�\  ^_� � �� � C
�8*5  ��*@B e�� 
� �3�LSD  ���24�$R*
W!�W! ��  � �� ��.  
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,-  
e�� 
� ()������ 
<  ?-�*B O�� (� O=�#���.�4 ���L* � �3 �@� � G!B G� �@� 
� ��G!B �$R*  � �E � .���

���*�"�   �.�4 .O%�! K��� G!B �3 � G!B G� �@�5 &
	 
��: �  ����� ������� �2 �4 &
	  
��: � ������ �������

� ���/ (� O"�� �3 �@� K! Y%  F"BG! ���/� ����� K;� . � �����
� >�;��  G�:� (� �!�/ -��* -@ ��  K! Y% ��  @ 

� �B K;� �! � -��* (� �
� (8! K! Y% ��;4 ?S���* �� ��(���!�  (8! ��
� &��;* � (8! (� �/�� �	����� (�  F"�

 sl� K! Y% -��*���  @  sB � �! l#B� �*.��/ Z��/ @  �H! �@� K���-��* � (� O�  �!�� K! Y%  -�@�*
� ���

�*.���! ()������ @  G3�\ �* ��8� K!�*@B���  � ���*�"�  �E � �@� K��� (�O�  -� �-�/ d Y	 . O�   (�

 -�� �E -��* �@� K��� F"� (� ��*�' S!
�.V*���*�"�  �*
�L"4 K! Y%  ��/ ) O�  -��* ^_� @  N
R4 �22(.   

Rahman  �) � �H.�29( �/ O"< ���/ � -��* �@� K��� S!
�8�� ?��� � ����� �!
�� �
��� �� (� ��� � ��8�  (�

 ��
!�� �.�4��� ���2�* ��. ()������ (�%�! �� 
}�\ K��9��* ��.� (R:�_* S!  ���.�$/��  

  �@� ]2\ � O�  SH.* �����K;� ���*�"�  S�\ � -��* �/�� (�/ �? �
H�.' �  
!@ ���(���!  ���;4 � �/ �$��*

(���!�  � � K;� )16   -��* �@� O!�V� � (� (�* ]2\.�$� Gupta ) � �H.� �10(  O14 ��� ��� -��* (� �$�/ � ����

��9� S!  |!��� �� (� �$�/ �   �@� K��� S!
�� ����� �.�4.��� ��.� K ���~"�  � -��* �@� K~2$4 � Y�* (� �~ � X

 -��* ^_� @  
�L"4��E �~�1* �"�� O~ `W�~) � � �W��� ?� �V13 .( -��* �@� K��� ����� ������� ��� @  -��2�� 

 ���*�"�  �E �  
!@  
A 
�<�4  .� � ����� �
���K��  @  ?O/ �
� @ -  �
�� � 
���4 ��)!   � X2$4 O'
� K��� Y�� �

 ��8# ��"< ]2\ � &�H1��  (� 
)$* N
R4(���!�   �@� u�4  � -�/-��* >�E �   ���*�"�  -�� �* K������ )2(. 

 e�� 
�()������ (�O��  �3� ���*�"�  �E � -�*B-�VA � -��* (�!�;* �� .O%�! K! Y%  -��* ��/�� �� -�/�.�4 �

#O=���� ����� ������� ���L* � -�VA �3� �������.�4 S!  @  -��2��  .�/ -���8* ���/ (� O"�� �
�.� ��/ �  ��

�*�!Y�B O�:�R% �� �4 ��� � O%�� �	
�4 >�p�* ���-�VA � �E (�   ��/ �8g.��� K��� �
�	  (� O�  -�/ d Y	

-�VA � ��/ (� ��  -��*  � sB u�4  ?�*
� G�:�>��� ��� �* N�24  ���*�"�  >�E � o!f�:�!Y�% (� ��% F��
4��� 

G$% ��� �� �9���  - 
.� (� ��$��(� �W� � -�/ F��
4 @ ���� ��-�VA ��     ��:�4�*) �$$�23.(  

(�%�! e�� 
���?
}�\ K��9� � �! O8� K��� F"� ����� ������� � .�/ ������ ������� (� O"�� ��5/1  -�*

-��* ���*�"�  �� -�/�.�4 ���5/2  �5  
��: � &
	 ����� �������� ��� � ��8�   ���! O8� S!
�.�  ��*@ �3  -�*

-��* ���*�"� O=�# �� ����� ������� �� -�/�.�4 ���4 .��� � ��8�   ���! O8� S!
�.� ���L* ��� ������ ������� �.�

S�!�� ������ ��! O8� O/ �
� ��*@ � .�$� �
�	��� ���! O8� K! Y%  @  O�� ��� ����� ������� �.�4 (� O"�� ��� 
4

� ������ ��! O8� �3� S!
�.� ?���*�"�  �E � .O%�! K! Y%  ������ ��! O8� ���*�"�  �E � � �.�4  �������

/ -���8* �����.� � K��� 
�8��   ������ ��! O8� ������ ������� (� O"�� (� � K$4.�;��* 
<  ���  ��8# ��

(���!�* G�L*   �B ���@�� � (�/ l	 ��$�$�. ��8� ��! O8� � �
!l�c�2� � K! Y%  ��8# (� F��B � �	�@�*
� -�$��

�!�.��� �*) �/��35 .(()������  @  G3�\-��* ���*�"�  (� � � ��8� 
}�\ K��9� O8� � Y�* S�!�� ��*� � ��  ���

S!  � O�  -� � K! Y%    ��! ��8� �8# (� O�  �B -�$��
!@ � -�!� F��B S�!�� ��*� 
�<�4 �h�: ���� ���� 
� O8� � ��

��! �* N�24 ��%  )35� .(  @  �����R:�_*(�� � O�  -�/ -� � ��8��* ����� ( �8L� ��"V�   �!�.��� �8# &�)��  �� �4

��� K���   �!�*
� F��B ()��� � � )4 ?6.( 

 (� O�  -�/ d Y	 ������B -��* �� ����� �!
�� x�� � c�2� -  @  ����� ��� -c @  -��2��  �� ��/(��8���� 

�	�@�*
� ) O�  (�%�! K���6.( -��*�� ���  /�.�4-��* �� (�!�;* � ����� �� -��� @  �
4[�� ���� O�:�R% ���/ �

�!Y�B���* ��8�   @ ���� 
� @  �
�.� O�:�R% � @�4�.�!� ���� 
��� � @[�4�� � .�$��()����� ��8� �*��� �!Y�B (��� �

 ��)!  z'�� �� ����  ���BG.14 -��* � �	�@�*
� 
� 
� ��� ��* �� ���/ )30(.  e�� 
�()������ (�O�� -�*B? 

-��*��� >��1* �*��  - �!� @  Y:��� �.� � Y:��� ?S��H� F!
L4 .O%�! K! Y%  ���*�"�  �E �(���!�  KL� ��� -��* �

�* (� ��/ >��1* � Y�  ��/ � @B z'�� O�  SH.* �� �.�;��* 
�<�4 �� �4TSS � (�/ �) �/�18.(  -�/ d Y	 O� 
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 (�>��1*�/�� �A ��  ������ � ����� �� �":�E2 �  Y� � �� S!  F��
4?   �;*-��*���  (�!�;* �   -��* >��1* �*��

 (� O�  -� � K! Y%  ���/ �.�4 ��()������ (�%�! S!  �� 
}�\ K��9�O��� ���  o! � �� )19.( � ���;!�3 �:�� 

�H.��  )34 (� ���
� d Y	 (��1*o.� �� �/�� K��~� (~� 
~)$* �.���� ���-��*���  >��1* �*���*��/. 

����� �/�h:��1*(� ? 4  ��:�4 K��� � ����� 
�<�4 G�:�� S�� 
��b4 � �B K;� Y�� 
% �$! ��� ���(���!�   ��
~� �

(���!� ?  K! Y% -��*��� *��~ �>��1*   
���4 (� �*�@ ��  )28.(  

  e�� 
�()������ (�O�� K��9� S!  @  -�*B?  � Y�*
��4 G��A (�!���  ���  .O�  (�%�! K��� ���*�"�  �E � ���

� (� �:B� X2$4 ()��� � -��* ���� &�W$ �$A (� ��/ G!�"4 Y���* K��� ����* (~~_�  K��~� S~!  � �~$��! �� ��;

O�:�R%���  tA � � .� � �H�:����* ����* G.' -��* � 
� -
��c t"$* o! � �$' (~� �:B ��� �� ?�B ���~� &�W$� � �$$�

O��� K! Y%  � ��* u
I* @�) ���/28 .(>�.�\  (� �   S��4  ��:�4 � Y�* ���/ �.�4(�%�! K! Y% O�   
)$* ()��� � �

(~� �  u
I*����(� �:B � �2$4 � 
����� � �$' �?O~�  -�/ �:�\��.�4 � (�>��1* ���(� ?-�/ �/��  K;� G�:�

����� 4  ��:�4 � X2$4 K��� ����  u
I* ?S����()��� � �:B � �$! 
%) O�  (�%�! K��� ��2$4 ���9.(  

  (� O�  -�/ d Y	>��1*�/�� O=�#���� �!
�� ���L* �-��* ��
� @  X� ?��  �� ����� @   K��� z'�� �"� 


��4 G��A (�!���  �  O"�� K! Y% -��*��� �* ���/ (� O"�� G� ���  (� >��1* �*��) ��/32( ()��� (� K��9� ���

(�%�! S!  �� 
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>��� 3- S�W���* (�!�;* ����	9!���� -��*���*�"�  ��*@ � ���.�4 K$H.�
� 
<  O14 �� �@ �A ��  ���  
Table 3. Mean comparison of characteristics of Zardanar cultivar of pomegranate under the interaction effect of 
treatments and storage time 

��*@ 

�"� ��*�  
Storage 

time 

�.�4��  
Treatments 

G!B G� �@� ��

)&
	(  
Total weight 
of arils (g) 

 �@�100 

) G!B&
	(  

Weight 
of one 

hundred 
aril(g) 

(%)�@� K��� 
Weight loss 

(%) 

-�VA Z��/ � 

��/ (%)  

Browning (%) 

���! O8� (%)  

Ionic 
leakage (%) 

 ��! O8�

������(%)  
Potassium ion 
leakage (%) 

 
 

���/ 

Control 
142.52d† 28.46g 0 0 42.96f 44.39f 

 

����� �������5/2 
��: � &
	  
Nano chelate calcium 2.5 g 

L-1 

148.44cd 38.44bcd 0 0 32.37h 31.51h 

 ��*@

O/ �
�  

Harvesting 
time 

 ����� �������5 � &
	
��:   

Nano chelate calcium 5 g L-1 
185.00a 40.36ab 0 0 31.67h 31.00h 

 

 ������ �������2 
��: � &
	  

Nano chelate potassium 2 g 
L-1 

166.58bc 35.07de 0 0 38.26g 38.17g 

 

 ������ �������4 
��: � &
	  

Nano chelate potassium 4 g 
L-1 

147.79d 42.19a 0 0 37.89g 39.80g 

 
���/ 

Control 
141.82d 30.26gf 5.71bc 36.67b 63.60d 63.22d 

 

����� �������5/2 
��: � &
	  

Nano chelate calcium 2.5 g 
L-1 

145.94d 32.25ef 4.35e 15.00cd 42.29f 44.72f 

5/1 -�*  

1.5 
Months 

 ����� �������5 
��: � &
	  

Nano chelate calcium 5 g L-1 
157.61bc 29.84gf 4.31e 8.33d 42.56f 43.71f 

 

 ������ �������2 
��: � &
	  

Nano chelate potassium 2 g 
L-1 

156.81C 38.99abc 4.43e 15.00cd 55.97e 51.75e 

 

 ������ �������4 
��: � &
	  

Nano chelate potassium 4 g 
L-1 

145.04cd 36.59cd 5.07d 10.00d 54.27e 52.96e 

 
���/ 

Control 
140.10d 28.41g 7.09a 51.67a 82.66a 80.67a 

 

����� �������5/2 
��: � &
	  
Nano chelate calcium 2.5 g 

L-1 

142.93d 31.12fg 5.27cd 17.50cd 64.13d 65.03c 

3-�*  

3 Months 

 ����� �������5 
��: � &
	  

Nano chelate calcium 5 g L-1 
140.80d 30.57fg 6.01b 13.33cd 67.53c 65.61c 

 

 ������ �������2 
��: � &
	  

Nano chelate potassium 2 g 
L-1 

154.47bc 31.42efg 4.96d 22.50c 75.15b 76.20b 

 

 ������ �������4 
��: � &
	  

Nano chelate potassium 4 g 
L-1 

144.90cd 31.25fg 4.98d 12.50cd 73.22b 75.77b 

†Means followed by the same letters in each column are not significantly different at 5% level of probability according to 
LSD test. 

S�W���*
\ ���� 
� � (� �!��u�  >�.�\  ^_� � �� � C
�8*5 %  ��*@B e�� 
�LSD ���24�$R*.�� �� 
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Table 3. Continued. 

��*@ �"� ��*�  

Storage time 

�.�4  

Treatment 

-��*���  �*��

>��1*(%)  

TSS 
(%) 

 G��A (�!��� 


��4(%)  

TA 
(%) 

�RE Z��/ 

TSS/TA 

 �$/�

O��� 

(L*) 

O��� �*�
� 

Peel 
chroma 

 
���/ 

Control 
17.00f† 1.34g 12.65b 41.89h 6.47h 

 
����� �������5/2 &
	 
��: �  

Nano chelate calcium 2.5 g L-1 
18.17bc 1.89d 9.79ef 49.32fg 7.03fg 

O/ �
� ��*@  

Harvesting time 

 ����� �������5 &
	 �
��:   

Nano chelate calcium 5 g L-1 
18.37b 1.69e 10.86cd 51.36def 7.19def 

 
 ������ �������2 &
	 
��: �  

Nano chelate potassium 2 g L-1 
18.07bcd 1.94d 9.31f 53.63abcde 7.32abcde 

 
 ������ �������4 &
	 
��: �  

Nano chelate potassium 4 g L-1 

b18.55  
 

1.72e 10.38de 50.27ef 7.09ef 

 
���/ 

Control 
17.30def 2.43bc 7.24g 52.20cdef 7.22cdef 

 
����� �������5/2 &
	 
��: �  

Nano chelate calcium 2.5 g L-1 
19.55a 2.46abc 7.62g 45.90g 6.77g 

5/1 -�*  

1.5 Months 

 ����� �������5 &
	 �
��:   

Nano chelate calcium 5 g L-1 
17.55cdef 2.42c 7.25g 50.34ef 7.07ef 

 
 ������ �������2 &
	 
��: �  

Nano chelate potassium 2 g L-1 
18.30bc 2.56ab 7.14g 57.43a 7.57a 

 
������ ������� 4 &
	 
��: �  

Nano chelate potassium 4 g L-1 
18.45b 2.58a 7.34g 55.89abc 7.48abc 

 
���/ 

Control 
18.02bcd 1.52f 14.27a 51.35def 7.16def 

3-�*  

3 Months 

����� �������5/2 &
	 
��: �  

Nano chelate calcium 2.5 g L-1 
17.07ef 1.27g 11.26c 53.32bcde 7.33abcde 

 
� ����� ������5 &
	 �
��:   

Nano chelate calcium 5 g L-1 
18.25bc 1.49f 12.19b 53.66abcde 7.30abcde 

 
 ������ �������2 &
	 
��: �  

Nano chelate potassium 2 g L-1 
18.15bc 1.49f 12.17b 55.08abcd 7.42abcd 

 
 ������ �������4 &
	 
��: �  

Nano chelate potassium 4 g L-1 
17.85bcde 1.69e 10.94cd 56.31ab 7.50ab 

†Means followed by the same letters in each column are not significantly different at 5% level of probability according to 
LSD test. 

S�W���*
\ ���� 
� � (� �!��u�  >�.�\  ^_� � �� � C
�8*5 @B e�� 
� �3� ��*LSD ���24 �$R*.�� �� 
W!�W! ��  �  

 

���� '.��	  
()����� (� � � ��8� K��9� S!  �>��1*�/�� �* ������ ������� � ����� ������� 
� �4��2�* ���
<  �� �4

�	9!���� �2�� � � O/ �
� ��*@ � �� �@ �A ��  -��* �.� ��S�$g  �E���*�"�   .�/�� (�/ �� S!  O�� @  ?F��
4 �

S�%  Z��/ ?�@�-�VA � ��/ ���! O8� �    �$��� D
_* ���*�"�  �E � (�K��� 
�<�4 (� (��4 �� .��� � �B��  �

 @  -��2��  (� @��� K�������� � �!��.�/ ?S�$T.�  S!  @  -��2��  ���*�"�  
.' K! Y% F��
4�� �* (�3�4 (��4 �� .��/

����� (H$!  (�4 S!
�8�� ����� �������� ������� (� O"��   
�<� �	9!� 
���� �.� �  ��  �2�� �� �@ �AO/ �? 

�* � �4   �B(�F��$* � �$' �%
R* �.�4 S!
4��.�S! 
��$� .?  ��"V� � ����� ���2�* 
�<�4 (� (��4 ���	9!����  � �.�

��
� (�?��  -��* �2���� �
�8�� �@��� �* .�/�� 
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Research article 

 

Foliar Application of Calcium and Potassium Nano- Chelatedes on Some 

Quantitative and Qualitative Characteristics of Punica granatum L. cv. 

Zardanar During Cold Storage 

 
M. Rahemi*, M. Zare and A. Raoufi11 

 
In order to investigate the effect of foliar application of nano-chelate calcium and 

potassium on quantitative and qualitative characteristics of Zardanar pomegranate fruit, a 
factorial experiment was conducted in a randomized complete block design with three 
replications in 2018 in Sidan-Farooq section. Treatments included control, nano-chelate 
calcium (at concentrations of 2.5 and 5 mg L-1) and nano-chelate potassium (at concentrations 
of 2 and 4 mg L-1). Spraying was done 45 days after full bloom as well as 30 and 14 days 
before harvest and kept in cold storage for 1.5 and 3 months. Quantitative and qualitative 
characteristics were investigated before storage and after storage. Spraying of nano-chelate 
calcium and nano–chelate potassium compared to control resulted in an increase in total 
weight of aril, reduced weight loss, and brownish skin index of the fruit skin during storage. 
During cold storage, the highest amount of soluble solids and the lowest amount of acidity 
were observed in nano- chelate calcium treatments. Nano- chelate calcium and nano- chelate 
potassium could increase the brightness and chroma value in the fruit skin. It could be 
concluded that nano- chelate calcium in comparison with nano-chelate potassium have a 
significant effect on the improvement and preservation of qualitative and quantitative 
properties of pomegranate fruits during cold storage periods. 
Keywords: Browning index, Cold storage, Foliar spray, Soluble solids, Weight loss. 
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