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ABSTRACT 
In order to study effect of foliar application of calcium (Ca) and potassium (K) and fruit position in the canopy on 
physicochemical characteristics of ‘Thomson Navel’ orange trees (Citrus sinensis L. Osbeck, a two-year factorial 
experiment based on randomized complete blocks design carried out with two factors including the type of foliar spray in 
four levels (Ca(NO3)2, KNO3, Ca(NO3)2+KNO3, and Control) and fruit position in the tree canopy in two levels (inside or 
outside) with three replications. The results showed that peel thickness, citrus color index (CCI), and a ratio of total soluble 
solid to titratable acid (TSS/TA) were higher in the fruits harvested from the outer canopy compared to the canopy inside 
(P<0.05). Also, the results showed that the peel thickness of the fruit increased with foliar application and the highest 
increase was found in the foliar spray of K and K+Ca. With Ca foliar application (Ca and K+Ca), TSS and TA significantly 
decreased compared to the control and potassium foliar application alone, but the ratio between the two indices increased. 
The results showed that the effect of foliar application on total phenol and antioxidant capacity depends on the position of 
the fruit on the tree canopy. In conclusion, foliar application of K and Ca cause improve the fruit quality of the ‘Thomson 
Navel’ sweet orange. Besides, fruit at different canopy positions vary in their physicochemical characteristics and should be 
harvested separately to have uniform quality and get the maximum economic return. 
 
Keywords: Acidity, antioxidant capacity, peel thickness, phenol, TSS.  
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Table 1. Physicochemical soil properties of studied orchards. 

Phosphorus Potassium Nitrogen Organic carbon pH Electrical conductivity silt clay Soil depth 
mg/kg % % - dS/m % cm 

57 439 0.45 2.5 6.6 0.68 41 20 0-30 

30 244 0.28 1.3 6.5 .19 43 31 30-60 

  

0��H 2. ��I;\m� �;(&H( <( J9* x&� C> � <V;f.  

Table 2. Leaf analysis results before the experiment. 

Nutrient N K P Ca Mg  B Fe Mn Zn Cu 

   %      mg/kg   

concentration 2.5 1.5 0.15 2.8 0.20  35 118 47 37 4.4 

N, K, P, Ca, Mg, B, Fe, Mn, Zn, Cu are Nitrogen, Potassium, Phosphorus, Calcium, Magnesium, Boron, Iron, Manganese, Zinc and Copper, respectively. 
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Table 3. Results of variance analysis effect of calcium and potassium foliar spray and fruit position within the tree 

canopy on fruit Physico-chemical attributes over two sampling years (2017-2018). 
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Year 1 10 3.1* 13* 0.04n.s 1.7* 5.7n.s 70976* 56n.s 

Error (a) 4 0.29 0.10 0.12 0.02 0.41 8.2 387 3.37 

Foliar spray 3 0.60n.s 1.0* 2.2* 0.17* 0.69* 78* 4872* 69* 
Foliar spray × Year 3 0.16n.s 0.16n.s 0.57 0.02n.s 0.04n.s 94 2666 34 

Position 1 3.1* 2.0* 2.1* <0.01n.s 1.4* 4.6n.s 952n.s 17n.s 

Position×Year 1 0.01n.s 0.46* <0.01n.s <0.01n.s 0.06n.s 11n.s 3884* 36* 
Foliar spray ×Position 3 0.07n.s 0.03n.s 0.21n.s 0.01n.s 0.16n.s 12n.s 11717* 287* 

Foliar spray ×Position×Year 3 0.18n.s 0.11n.s 0.10n.s 0.01n.s 0.05n.s 12n.s 457n.s 57* 

C.V (%) - 24 4.5 2.8 6.8 7.7 6.5 9.6 9.1 

n.s * � :C� 8��W� �+9I `$�&�!O)  �(�  8��W� �!O)  �(� �� ei4 0�	�"( 05/0<P .   
n.s , * Non-significantly difference and significancly diffrenceat P<0.05 level, respectively. 
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Figure 1. Mean comparison effect of fruit position 

within the tree canopy on citrus color index (CCI) of 

‘Thomson Navel’ sweet orange. 
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Figure 2. Mean comparison effect of foliar spray of K and Ca (left) and also mean comparison effect of fruit position 

within the tree canopy (right) on peel thikness of ‘Thomson Navel’ sweet orange. 
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Figure 3. Mean comparison effect of foliar spray of K and Ca (left) and also mean comparison effect of fruit position 

within the tree canopy (right) on total soluble solid (TSS) of ‘Thomson Navel’ sweet orange. 

b

b
a

a

4.5

5.0

5.5

6.0

6.5

1 2

P
ee

l 
th

ic
k

n
es

s 
(m

m
)

Year

Inner Outer

c

b

a
a

5.2

5.4

5.6

5.8

6.0

6.2

6.4

Ctr Ca K K+Ca

P
ee

l 
th

ic
k

n
es

s 
(m

m
)

Foliar spray

b
a

6

8

10

12

14

Inner Outer

T
S

S
 (

%
)

Fruit position within the tree canopy

a
b

b
ba

a

c

b

6

8

10

12

14

1 2

T
S

S
 (

%
)

Year

Ca Ctr K Ca+K



486   :���  !"��# � !�$%�&'( )*+ $,  $-+ �� .�� ,/�� � 0+12  �3
! 4��3$5 � �16$5 &� ... 

 
  

  

  

 �'��(�)*  

 J6 C�;�$4( &� �+6 &'( �GO�!O)  �(�  CO (� .�+�

 <( C�;�$4(5/1  �� (!9$6&� ��	$�)7/1 ��	$�)  (5$4��3

56 .�+� &$L�  �M��   �� J6 C�;�$4( �(��  E;&�

-+$  �? >0+12  �3 +; >��" >�?��	$� �� -�
 !


 � (5$�16 8(&�$I � !9$6&� >�?��	$�) 5$�16

f$�  ��	$� �� E;&�0+12  �3 5$4��3 8(&�$I �� !


 J:
) �
 -�?�F 4 C6 �
 -�?�F  !�$�2� �� .(

�(��  4($�;  C�$ 0���&3 -+�OD(�$ �� �0+12  �3
! �� 

0+12  1 %I$8(&� 4��3$5 (\#(;f ;C�#� ,4( )Singh 

& Singh, 1981��I C��F  .(;� ?��+6 �&Q�" C)D�i ! 

4��3$5 4#( `9(\;f 4($�;C�  $-+ 4$`  �� � -�


(\#(;f ,j1@ 4��3 �+6$5  $(\ 4($�;C� (\#(;f 

) ,4( -�(� �FINava et al., 2008 .( !�$�2� ��

 &l;�4�&� ��! 4��3 8�WD+4 &'($5 � &�;RA! ?�> 	6! 

6 �$W!  $-+  0���&3�
 -�?�F  KL� C6;C R&�! 

4��3$5 (\#( `94;f 4($�;C� ,4( -�
 )Jahanbean 

et al., 2008( . &? C� -�?�F  0�"&$'Z�  !WO 

0+12  �3 8(&�$I � !9$6&� >�?��	$�) 5$�16 !


�� J6 C�;�$4( &� (5$�16  0�	�"( E;( �&Q�" C)D�i 

!  8+* (� C6 �Fo�&$'Z�  &� 5$�16 C� 5$4��3 ,9�I

f$� `�(&  C� J6 C�;�$4(  <( &�&$'Z�  C� 5$4��3

 J$D� C� &Q�" CD��  �R�O�;+I �O[&? .,4( !;�GO�

-<(�I( ��P  -+$  ,
+R �� !;(K@ &M�OP ,j1@ >&$R

-�(� .�I�(�I U+# C$Q&# 8�9'( >(&� >(  

  

  
J:
 4. 0+12  &'( E$lI�$  C�;��   5$�16 � 5$4��3 !
�3

-+$  J6 C�;�$4( &�. +� �� 0���&3 0��I 

Figure 4. Mean comparison effect of foliar spray of K 

and Ca (left) on total acidity (TA) of ‘Thomson 

Navel’ sweet orange 

�;��I C)D�i   >�? !l��9	?Moradi et al. 

(2016)  \$I +$4(&�$� J��* C�;�$4( C6 �(� �FI

 >+$6 -+$  ,
(�&� � < ��!WO  !l��9	? 

!O)  >�(� �� 5$�16 � \$I  ,9q  !l��9	?

!O)  �(�> �� ,9�I >�? 5$4��3 C�  -+$  �� 5$�16

�O�
(�.  Ci�(� -�
 &6} C)D�i  �� C6 �+� !D�"�� E;(

!O)   C�;�$4( � -+$  �� 5$4��3 ,j1@ E$� >�(� J6

�� .�FI -�?�F  !/&�  C)D�i  >�? &l;� \$I |oF  

-�
 C6 �(��  C�;�$4( J6 -+$  &'Z�  <( ,$)*+  -+$  

&� .�� ,/�� !	I �
�� C6 �� �;��I C)D�i  &Q�" 

5? !I(+/ ��(� )Suzuki et al., 1973.(  

  

�	+� $�  � �# %��&  �� �'��(� )*  

 �+6 b+I � -+$  ,$)*+ 0+12  �3 -�
 !
&$'Z� 

!O)  �(� J6 C�;�$4( C� 0+12  � �H �(+  ,9�I &� >

 �� ,9�I E;( C6 �(� �FI �;��I !4�&� .,
(� -+$ 

-+$  �? �� .�� �&$� ,$)*+  <( -�
 ,
(�&� >

 �� C�;�� -+$  �?f$� .�� ��� >  E;(&��O� .�+� &�

-+$  �? \$I � .�� �&$� >-+$  �? >0+12  �3 -�
 !


Y 5$�16 +; �� >a+D+;\$# T+1� C� &���< �
� J=# !

!  ,
(�&� >(&� 5? .�O4� �E$O[-+$  �? >

0+12  �3 >&�t�� ,9�I >��" 5$�16 +; �� -�
 !


 J:
) �I�+� 5$4��3 ��	$� � �?�
 ��	$� �� C�;��  ��

5�	? .(J:
 �� C6 �+Y >�?3  �4 !  Cj"c  �+


-+$  �?�;��  �� 5$�16 +; �� -�
 ��	$� > �?�
 �� C

 ��	$� �0+12  �3 C�;�$4( >��" 5$4��3 8(&�$I �� !


56 0+12  � �H �(+  � J6  C� 0�q  >(&� .�O��? >&�

 >�?��	$� �� ]4+�  �+Y0+12  �3 +; �� -�
 !


 �(��  (!9$6&� ��	$� � 5$�16 8(&�$I) 5$�16

 �?�
 ��	$� �� C�;��  �� 0+12  � �H�(+  � C�;�$4(

C� `$�&�5  �10 �M��  ��	$� �� C�;��  �� �

0+12  �3C� 5$4��3 8(&�$I �� !
 `$�&�8  �14 

 �� C�;�$4( f?�6 �(��  E;(&��O� .�O�#�; f?�6�M��

�(+  �� C�;��   >�?��	$� �� 0+12  � �H0+12  �3 !


f$� 5$�16  f;(\#( C� &mO  b+Q+  E$	? � �+� &�

 E;( �� J6 C�;�$4( C� 0+12  � �H �(+  ,9�I

 5$4��3 8(&�$I � �?�
 >�?��	$� �� C�;��  �� �?��	$�

 .�
;:!  <(!RA;� �?> 6$W! 5G  8�96&  ,9�I 

a

b

a

b

1.4

1.4

1.5

1.5

1.6

1.6

1.7

1.7

1.8

1.8

Ctr Ca K K+Ca

T
o
ta

l 
ac

id
it

y
 (

%
)

Foliar spray



   �+1P!I�9@�� (&;(��� �� 53��	
 �� 2 � ������1401  487 

 

4($� C� �O*  $-+ (;E ��/�� !  
���.  <( !:; ,9�I

|/�
E$$)� � 5G  >�?!  8�96&  5)Y -�OO6  �
��

 .,4( 8�96&  ,
(�&� >(&� !	G  |/�
 \$I �

E;(&��O� -+$  �?> �&$� .�� � \$I -+$  �?> 

0+12  �3!
 -�
 �� +; 5$�16 !Y J=# �
� &���< 

C� T+1� \$#;a+D+> >(&� ,
(�&� !  �O4�.  

  

  
  

  
 J:
5. 0+12  &'( E$lI�$  C�;��   5$�16 � 5$4��3 !
�3

 ,	4 J:
)�t� -+$  ,$)*+  &'( E$lI�$  C�;��  \$I � (

 ,	4 J:
) ,/�� .�� ��3E$;� � �H �(+  ,9�I &� (

J6 C�;�$4( C� 0+12  +� �� 0���&3 0��I. 

Figure 5. Mean comparison effect of foliar spray of K 

and Ca (left) and also mean comparison effect of fruit 

position within the tree canopy (right) on the ratio of 

total soluble solid to total acidity (TSS/TA) of 

‘Thomson Navel’ sweet orange. 
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Figure 6. Mean comparison effect of foliar spray of K 

and Ca (left) on vitamin C of ‘Thomson Navel’ 

sweet orange. 
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Figure 7. Mean comparison effect of foliar spray and 

fruit position within the tree canopy on total phenol 

(left) and antioxidant capacity (right) of ‘Thomson 

Navel’ sweet orange. 
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