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1- 2)2CO(NH            2- O2H7, 4OFeS             3- O2H7, 4OZnS             4- Eurosalids, Netherland            5- Horiba 
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K�N����?>� ��  24��8��C ��  j��Bor ) ����?�� �17 (�D��
��� ��4I .��8�� 100 ��4� a: �84.��?4� �4F$ � �� 10 	�4� �84.

P��!Y��8� w��]� �"�0 P�  dz> � ��1000 K�� � D� �84.��?4� �����: H>0  ��9 	�4� �84.2�6-�0 K�����������<1 

50 �A����?4� �� N����v �4
�5 �� 	8+E
� �;�� �0�0 ��?$  ����;4� � �
��
 ak�  �0K�V ��� 515 u>�$ �8��
�
 ��E8>0 

�8��8���8?z>� K�� )10-Dynamica (HALO×B ��
��= ��. �0 P4���?>� �4>� ��
 ak� ��4+4� ��� K�V 	-t� \�8]� ���

���/� [�>� �� 9H>� N��!8� pH  ��4+4� 	"�= ��� K�V �0 ak� ��;4� 9�
��
 u4 �	�0 T�V D� .0����E  �< ��
: D�

a: K�� � �0 ak�  ak� S��� ��4���� �����< P4���?>: �4>� ���� D� �: �0 0���� ���	�����9  �< H>� �DA 2�������

 24��8�� �.�= ak� ���/�C  �4>� 9L>��� ����< �4Y<� �0�� �0�;�� �� 9� 24��8�� ak� ��;4� ��>� � ���� .0�� ��>� �

 ��>� � �8��8���8?z>� ��E8>0 u>�$ 0��� �: ak� ���/� � �0�< TkR u4 � D� �� �: P4���?>:�� TC8=� ��>� � �� .

 ak� ���/���H>0  �
��
 � P4���?>: �4>� ���R �
��
 D� ���:���� >� P4���?>� �4>� ak� �.�= ���/� 9P4���?>: �4

 ��>� ���0�I  q4J0 HO�
 ���/� 0���
�8>� ��0��
 �� �: �Y��/� �� ���H>0 ��:. 	8!> ��K��`� ��V LYR�� �
�- �� ���� 

M��� �� ��I��4< �� 	8
�>�8� M��� ��4� 	�0�� .�D��
� HF���4I ��E8>0 D� ��4� H��� 	8!> 	8!> ��>��4� 	8>0 

)�8���8�-(2 K�� 11FTO Lbs)11-0( H=�> 24v ��+< �� a��- ����� 8 ��4� H��I�0 �0�!8>� ��.  

 �0 ���D 9H��0�� K�6 �  ��3 H=�0 w���� �� ���?$��� 9���4$ �� @� �� H��0�� �� �� ���4>�� ��D��$ K�8���0 600 

	��I��4< 	��4O
 K�� SB �� �D� � D� d- ��>� � 924E
�4� ��;4� 0�?��� ��N��" 24E
�4� �� ���R ��I��4< H�5 ��. �D� 

�� ��4� �0�!8>� �� P� D�  HJ0 �� K�84��0 ��D��$01/0 ��I �D��
���4I ��. ��?$ �� D� ��O�� 2�� ���� �15 �� ��4���V 

�: �D� 24E
�4� 92�D�$ D� d- � H��0�� 	�0�6$�� �� ��4� P� �D� �����.�� ��>� � �� �0�!8>� d4.�< D� 20 	8
�>��8� 

K�� Shoka Golf �� HJ0 001/09 �� ���
� P� j�� 	.C� H�YJ �0 	
�4� H>�- 15 ��4� ���?$ ��9 H>�- H��]s ���4 

�D��
���4I 24E
�4� � �: LYR�� 	�4��8� �� H�5. ���� �D��
���4I ��4� ���6� ��;4� 915 ��4� ����V 	�0�6$ ���?$ �� D� 

H��0�� ���< �� � D� d- �D� �� ��D��$ K�84��0 �0�!8>� ��  D�:a��4�9	8>0 ��4I ���6� �: ���]8>�  �0��� �� ��D��$ 

K�84��0 �D� ��. �� ��>� � H�Y
 �D� ���6� �� �D� �4.�� ��4� a�s � 0�� ��H>0 ���: �0 0�� 1000 9���6� �"� ��4� 

��>� � ��.   

 ����: ���<���0�0�� P�< �� ��
��;��SAS   �]Y
9.1 � �Y��/� �0�0 24E
�4��� �� ���D: �<��4 	�`� TC8=� HO�� � ��0

 ���)PLSD(  �� ���
����� � @>� ����0��
 D� ��
��;�� Excel  �]Y
2007 �0�!8>� ��.  

1)
��  

!&
& '(	��
� )�*+,	#  

[�>��� ��48
��� ��;�$ d
����� �0�09�� 24� H�YJ �0 B�� 0��� 9	>��� D� �O
 	I,����� 9S< �4>�  24��8��C �  �"�0

��4� a: N��!$ 	�`����0 ����+� ����� 9 �0  0������> 	I,���� TC8=� 	�`����0 0��� H���
 .4
�7��8 �5� 	�`����0  ��

��� 	I,����� 0��� 	>��� ��;� 	-t� H��0 .�5� �0�> 2�: � ��� ��� �� 	I,����� 0��� 	>��� �	�`��0 0�� .�5���� 

�0 S��/8��> � 	��$	=�� �0 	>��� 0��� �����8<�� 24� 	��$ D� 	I,���� 	�`� D� �E�0 	=�� �0 � ��0	I,���� 	�`��4
 ��0

 .0����� �0 	I,����� 0��� 	>��� 1�?���� 	�`����0 24� �> 9�7��84
 ��8<�� 2�: �  �������+� .�� �	�`� �� ���$ � ��0

 ���1�?����  ��� �0 ��� � 2�: 9�7��84
	I,�����  2�� 24E
�4� �Y��/� 9	>��� 0���1�?����  � 0��� �8��I ���J r

.H>�  

�-.
 !��� /0 

��48
��� �����: H>0 �/� D��Y� �24E
�4 1�?���� 
9�7��84 �� � 2�:� � ����;4 	-t� a: ���4 � �< 0�0 ��+
2��8+4 

���;4 	-t� )07/6w���� ( 
 ���7��84 3 ��I�84.�0 �0 0��
 �� � 2�:� 0�� .�8�<2� ���;4 	-t� )26/5( w����  2�: ��3 

��I�84.�0 �� �� 5 ��I�84.�0 
 ��{R �����7��84 0�� �`� N��!$ �<	��0� ���� �� � ��8+4 $�����4 ��+
 0�0 }���� �0 .

 

1- 2,6-Dichloro-indophenole                                 2- Penetrometer 
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 0��� ��0��� ��� ����6�� 
9�7��84 �� � 2�:� � �� ��;4	-t� ��4� a: �8��0 �453$ � N��!$��� 	�`����0  �0�< 0����

) H>�K���1.(  

 1$ �2�&!&	��	# ) 4���� ��	�TSS( 

2��$A�� ���;4 �0����� ���� ) K�� �62/10  (�"�0�0�!8>� �0  D�$���4  2�:5 ��I�84.�0 �0 0��
 
�7��84 �� ��  ����+�

�8�< .��2� ���;4 �0����� �� K�� � ���� ���;4 65/7 �"�0 w���� $ �� ���4<�$	�4 
�7��84 � 2�: � ��� 5 ��I�84.�0 

0�� �`� N��!$ �<	��0� ��+
 ���� �� 0�00��� . 0��� ��� �� ����6�� 9�7��84
 2�: � ��� HY
��$ �� ��;4� �0����� ���� 

K�� � ��4� a: ) ���� �8��0 �453$ K���1(.  

!��� /0 1$ ���
  

[�>��� ��48
��� �Y��/� 24E
�4�  �5��0�> ��;4� 9��?� S< �4>� �0  ���I ��8=�0 ��4� B)167/0 	�4���I (����V 

	�`����0 14��$ D�  ���I ��8=�0 ��4�A )150/0 	�4���I (0�� ) K���1.( 

�Y��/� 24E
�4� 1�?���� 9�7��84
 2�: � ��� ��;4� �� S< �4>� ��+
 �< 0�0 2��8+4� ��;4� S< �4>� ��  ���/�208/0 

	�4���I �0 �84. �� ���4$ D� �0�!8>� 2�: 5 ��I�84.�0 �0 0��
 �7��84
 � ��� �� H>0 ��: �< �� ���4$ �� ;� ��� 5 ��I�84.�0 9

�`� N��!$	��0� �> ���� $�����4 H��0 � �8�< 2�w���� �: $ �� ���4<�$	�4 
�7��84  2�: �5 ��I�84.�0 �� � �3 �84.�0 ��I 

��;4� �� 060/0 	�4���I �84. �0 �< 0�� �� H�Y
 ���� � ��� �����4$ 1��< 	�`����0 ��+
 0�0 ) K���2.(  

 ���	6��C  

[�>��� ��48
��� �Y��/� 24E
�4�  �5��0�>  9��?� 24��8��C �0  ���I ��8=�0 ��4� B)70/43 	�4���I (����V 	�`����0 

14��$ D�  ���I ��8=�0 ��4�A )56/39 	�4���I (0�� ) K���1.(  

��48
��� D� S"�R K��� �Y��/� 24E
�4� 1�?���� 9�7��84
 2�: � ��� �� ��;4�  24��8��C 0�0 ��+
 �< 2��8+4� 

��;4�  24��8��C �� �0�!8>�  ���4$ D�	�4<�$  2�: � �7��84
3 ��I�84.�0  ��� �5 ��I�84.�0 � � ���/�93/56 �	�4�0 ��I 

100 	�4��84. a: ���4 ����+�  �� �< ��$ �� ;����4  �7��84
 	�4<�$3 ��I�84.�0  2�: �5 ��I�84.�0  ����� �����4$ N��!$ 

	�`� ��0H��0 .2��8�<  ��;4� 24��8��C w����  �����4$ ��� 3 ��I�84.�0 ���� ��{R 2�: � �7��84
 �� ��;4� 75/31 

	�4���I 0�� ) K���2.(  

!��� 78� 9��6� 

1�?���� 
9�7��84 �� � 2�:� �D� u>�8� �� ���4 ��+
 � �< 0�02��8+4 �D� u>�8� ���4 w���� $ �����4  �� 	�4<�$

 HO�
 �� 	��6� 0�< �>5 �84.�0 ��I �� ���;4 228 0�� ��I  �<��� �� H�Y
 $�����4 �;��1� �`�	��0� ��+
 0�0. ����24 

�8�<2� ��4� P$ �D� )105 ��I ($ �� w�������4  ���3 ��I�84.�0 0�� �� �<�� ;� $ ������4 ��� �� 2�:3 ��I�84.�0 92�: 

��� � 3 ��I�84.�0 $ ����4  ��� �� �7��84
3 ��I�84.�09  ����� $�����4 �`� N��!$	) 0�0 ��+
 ��0 K���2.( 

!��� /0 �2�&  

[�>��� ��48
��� �Y��/� 24E
�4� a: �"�0 9��?� �0�> �5� ��4� �0  ���I ��8=�0A )0/41 �"�0 (�� ��V 	�`� ���0

14��$  ���I ��8=�0 D�B )2/39 �"�0 (0�� )K���2.(  

�Y��/� �24E
�4 1�?���� 
9�7��84 �� � 2�:� �"�0 �� a: ���4 ��+
 0�0 � �<2��8+4 �"�0 a: ���4 $ �� w�������4 

 �7��8
 	�4<�$5  2�: ��3 ��I�84.�0 �� ���;4 4/45 � �"�0 �8�< 2�w���� �: $ �� ������4<�$	�4  2�:3 ��I�84.�0  �

HO�
��� �� \�8]�� 
 ��{R ���� �7��84�< 0�� �`� 1��<	��0� H�Y
 ��+
 ���� �� ) 0�0 ���0� K���2.(  
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 K���1- �Y��/� 24E
�4� �5� ��?� �� 	I,����� 9S< �4>�  24��8��C � �"�0 a: ��4�.  
Table 1. The mean comparison of the effect of location on the total acid, vitamin C and fruit juice percentage. 

	I,���� 

Characteristics 

 ��?� 

Location 

A  ���I  B���I 

S< �4>� 

Total acid (mg) 
0.150b 0.167a 

� 24��8�� 

Vitamin C (mg) 
35.56b 43.70a 

��4� a: �"�0 

Fruit juice percentage 
41.0a 39.2b 

24E
�4� �� �0 0���� �����8> W�8+� T�R ����0 �< 	������^_> �0 9 K��8R� 5%  ���D:PLSD 	�`� TC8=�.�
���
 @� �� ���0  

Means with the same letters in each row are not significantly different according to PLSD test at 5% level of 

probability. 
 

 K���2- 1�?����  �� ��� � 2�: 9�7��84
	I,����� 2��4���4. ��4� 	!4< � 	�<.  
Table 2. Interaction of nitrogen (N), iron (Fe) and zinc (Zn) on the quantitative and qualitative attributes of sweet 

lime fruit. 

 H!"Attribute 

 �7��84
 × 2�: ×��� ��I)(�84.�0  

 N × Fe × Zn (g/l)   

	-��4� a: t�  

pH 

�0�����  ����

K�� � 

TSS (%) 

S< �4>� 

Total acid 

(mg) 

C 24��8�� 

Vitamin C 

(mg) 

 �D� u>�8�

��4� 

Mean fruit 

weight (g) 

 

 

 

 

N0 

 

Fe0 

Zn0  e-a5.82  j-f8.40  j0.130  efg39.60  fgh131  
Zn3 a6.07  def9.07  h-e0.157  k31.75  k105  
Zn5 d-a5.87  e-a9.65  ab0.198  ijk33.87  ghi126  

 

Fe3 

Zn0 def5.60  d-a10.00  h-c0.164  fgh37.93  jk113  
Zn3 def5.58  abc10.23  g-c0.167  fgh38.03  k110  
Zn5 g5.26  f-b9.35  f-c0.170  jk32.07  ghi126  

 

Fe5 

Zn0 efg5.52  a10.62  a0.208  hij35.37  hij123  
Zn3 d-a5.83  d-a10.00  bcd0.179  efg39.27  ghi124  
Zn5 a6.07  ij7.85  g-c0.166  efg39.42  hij123  

 

 

 

 

N3 

 

Fe0 

Zn0 a6.07  ab10.35  bc0.181  b47.15  gh127  
Zn3 a6.01  j-e8.60  h-c0.162  cde42.32  ijk115  
Zn5 d-a5.86  d-a10.05  h-c0.164  cde42.25  ghi125  

 

Fe3 

Zn0 fg5.50  j-f8.30  cde0.174  bc45.17  de158 

Zn3 e-a5.81  hij7.92  hij0.144  cd43.68  cde164  
Zn5 f-b5.69  f-c9.20  g-c0.166  a56.93  f141  

 

Fe5 

Zn0 d-a5.84  i-e8.90  ij0.133  a55.77  ghi124  
Zn3 d-a5.85  i-e8.90  h-c0.162  gh37.33  e154  
Zn5 def5.63 j-g7.97 h-c0.163 b47.40 cd168 

 

 

 

 

N5 

Fe0 Zn0 abc5.97  def9.10  j-g0.148  hi35.48  ghi126  
Zn3 abc5.94  i-e8.78  ij0.136  efg39.82  e154  
Zn5 fg5.44  j-f8.55  ij0.136  de41.60  b189  

 

Fe3 

Zn0 d-a5.85  def9.10  f-c0.172  bcd44.26  fg134  
Zn3 a6.04  f-c9.20  h-d0.158  def41.15  cde162  
Zn5 fg5.44  g-d9.02  h-d0.158  cd43.52  cd166  

 

Fe5 

Zn0 ab5.98  i-e8.80  i-f0.152  cd43.48  c172  
Zn3 fg5.45  h-d8.98  k0.060  bc45.05  de161  
Zn5 f-c5.67  j7.65  cde0.176  bcd44.35  a228  

24E
�4� �� �0 0���� �����8> W�8+� T�R ����0 �< 	������ 9^_> �0 K��8R� 5%  ���D:PLSD 	�`� TC8=�.�
���
 @� �� ���0  

Means with the same letter in each column are not significantly different according to PLSD test (P<0.05).  
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!��� :��- :�	;�  

K��� �/��Y� �24E
�4 1�?���� 
 9�7��84� 2�: ��� �� H>�- H��]s ���4 ��+
 0�0 � �<2��8+4 H>�- H��]s ���4 

w���� $ �����4  ��� �� 2�: 	�4<�$5 ��I�84.�0 
 �����7��84 )95/3 �	�4 (�8� 0���< H�Y
  ������ � $ ���$�����4 �;��1� 

�`�	��0� ��+
 �8�< .0�02� H��]s H>�- ���4 )2 �	�4�� (�8� $���4  �7��84
 	�4<�$5  2�: ��3 ��I�84.�0 �� ����+� 

�� �< � ���� Y����4 D� $�����4 �`� N��!$	��0� ��+
 �0 .0�0 �8+4� 0���� $ �0 ������4<�$ 	�4� 2�: ��� 
 ��7��84�� 9 

�;��1� 
 HO�
�7��84 D� ���;4 H��]s H>�- ���4 �8>�< ) �� ���0� K���2.( 

 

 K���2- ���0�.   
Table 2. Continued.  

      H!"  

  Attribute 

 �7��84
 × 2�: ×��� ��I)(�84.�0  

 N × Fe × Zn (g/l)   

��4� a: �"�0 

Fruit juice (%) 

H>�- H��]s 

Peel thickness 

(mm) 

��4� 	8!> 

Fruit firmness 

(kg/cm2) 

0�?��� H=�0  

Tree yield (kg) 

 

 

 

 

 

N0 

 

Fe0 

Zn0  gh39.0  cd2.98  c7.37  hij175  
Zn3 hi37.7  ghi2.43  i-e5.82  no131  
Zn5 j35.00  b3.47  b7.93  no130  

 

Fe3 

Zn0 k32.6  b3.40  b7.98  mno138  
Zn3 k30.9  cde2.85  c7.50  o119  
Zn5 k31.1  b3.40  c7.58  lmn141  

 

Fe5 

Zn0 ij35.7  cd3.02  c7.48  mno135  
Zn3 e-b42.2  b3.62  ab8.08  no131  
Zn5 efg40.2  a3.95  a8.35  no130  

 

 

 

 

N3 

 

Fe0 

Zn0 abc43.6  cde2.85  i-f5.72  ef210  
Zn3 e-b42.2  def2.77  h-e5.87  ijk164  
Zn5 efg40.2  ghi2.43  j5.25  ghi184  

 

Fe3 

Zn0 e-b42.4  hi2.38  i-f5.62  jkl159  
Zn3 g-d40.6  i-f2.53  ghi5.60  efg202  
Zn5 abc43.7  hi2.38  ef5.93  klm154  

 

Fe5 

Zn0 e-b42.3  ijk2.27  i-e5.77  fgh195  
Zn3 abc43.7  c3.05  d6.52  cd231  
Zn5 bcd42.6 efg2.67 e6.07 cd232 

 

 

 

 

N5 

Fe0 Zn0 gh39.0  jk2.05  i-f5.67  hij176  
Zn3 abc43.2  h-e2.65  efg5.92  n-k148  
Zn5 e-b42.2  i-f2.52  hi5.58  bc243  

 

Fe3 

Zn0 a45.4  k2.00  ij5.53  efg203  
Zn3 fg39.9  i2.33  h-e5.88  b254  
Zn5 g-d41.0  cde2.85  h-e5.87  fgh196  

 

Fe5 

Zn0 f-c41.5  ghi2.48  i-e5.77  fgh194  
Zn3 ab44.0  ijk2.27  i-f5.73  de217  
Zn5 g-d40.9  ij2.28  i-f5.63  a313  

24E
�4� �� �0 0���� �����8> W�8+� T�R ����0 �< 	������^_> �0 9 K��8R� 5%  ���D:PLSD 	�`� TC8=�.�
���
 @� �� ���0  

Means with the same letter in each column are not significantly different according to PLSD test (P<0.05).  
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H��0 ��� .2��8�< ��;4� 	8!> ��4� ��  ���4$	�4<�$ ��� 5 ��I�84.�0 � �7��84
 3 ��I�84.�0 ���� ��{R 2�: � 24���� 

 2�:3 ��I�84.�0 � �7��84
 5 ��I�84.�0 a�4
 �0 ��� ��L4$�$ ��;4� �� 25/5 � 53/5 ��I��4< �� 	8
�>�8� �� ����+�  �<

�� ���� � ���> �����4$ TC8=� 	�`����0 0�0 ��+
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:=�& >, &�?��� 

K��� �Y��/� 24E
�4� 1�?���� 9�7��84
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 �!" D� �� 39 0�?��� H=�0 P$ H��� 1��;�� �0 	.�R�< �� 

1��;�� HO�
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7��84
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	�`����0 �� 	I,�����  24��8��C )**418/0 9(��4� �D� )**641/0 9(�"�0 ��4� a: )**606/0 (� 0�?��� H=�0 P$ 
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 �7��84
 �� ���� 1��;�� ��;4� 
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��+
 ( 0�0 ) K���3.( �< N��" 2��� 1��;�� HO�
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 K���3-  24� 	E8Y��� L���s	I,���� 	>��� 0��� ����4f8� �.  
Table 3. Correlation coefficients among the studied attributes and variables. 

 
�7��84
 

N 

2�: 

Fe 

��� 

Zn 

 

	-t�  

pH 

 S<�0����� 

K�� � ����  

TSS 

S<�4>� 

TA 

C 24��8�� 

Vitamin 

C (mg) 

 �D� u>�8�

��4� 

Average 

fruit 

weight 

 a: �"�0

��4� 

Fruit 

juice (%) 

 H��]s

H>�- 

Peel 

thickness 

	8!> 

Firmness 

 0�?���

H=�0 

Tree yield 

N 1            

Fe 0.000 1           

Zn 0.000 0.000 1          

	-t�  0.032 -.0195* 
-0.145 

1         

TSS -0.240** 
-0.104 -0.163* 

0.153 1        

TA -0.345** 
-0.003 0.019 -0.047 0.075 1       

VC 0.418** 0.245** -0.042 -0.098 -0.315** -0.123 1      

AFW 0.641** 0.277** 0.277** -0.134 -0.356** 
-0.192* 

0.249** 1     

FJP 0.606** 0.087 -0.040 0.255** -0.129 -0.303** 
0.454** 0.372** 1    

PT -0.671** 
0.114 0.211** -0.080 0.025 0.320** -0.285** 

-0.314** 
-0.429** 

1   

Firm -0.796** 
0.196* 0.055 -0.096 0.163* 0.314** -0.406** 

-0.433** 
-0.568** 

-0.789** 
1  

STY 0.674** 0.185* 0.120 -0.030 -0.327** 
-0.182* 

0.337** 0.736** 0.444** -0.444** -0.543** 
1 

* and ** significant at p≤0.05 and p≤0.01, respectively. 

 

*  �** 	�`� L4$�$ �� ^_> �0 ��05  �1 �"�0. 
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1- IAA (Indole acetic acid)  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

3.
1.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

2-
05

 ]
 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.3.1.6
http://journal-irshs.ir/article-1-453-en.html


... ��� � 2�: 9�7��84
 	I�� 0����< �453$ 	���D�� 

263 

/4������
  
��4+4� u>�8� ��4� �D� )228 ��I (@� � 24�v14�2��$ ��;4� 0�?��� P$ H=�0 )313 ��I��4<( K�� � D�	��- �� 

2��$A�� HO�
 	�4<�$ �7��84
 2�: �  ��� �)��I�84.�0 (S"�R ��. 2��$A�� ���;4 �0����� ���� K�� � S< �4>� � ) ��

 L4$�$62/10 �"�0  �208/0 	�4���I�84.�0 (�0�!8>� �0  D�$���4  2�:5 ��I�84.�0 �0 0��
 
�7��84 �� �� 2��8+4� � ��;4� 

 24��8��C �� �0�!8>�  2�: � �7��84
 	�4<�$ ���4$ D�3 �84.�0 ��I  ��� �5 ��I�84.�0 � � ���/�93/56 �	�4�0 ��I 100 

	�4��84. a: ���4 .�� ����+� 

5�
6(                                                                                                                                                          References 

1. Adamski, J.M., R. Danieloski, S. Deuner, E.J. Braga, L.A. deCastr, and J.A. Peters. 2012. Responses to excess 

iron in sweet potato: impacts on growth, enzyme activities, mineral concentrations, and anatomy. Acta Physiol. 

Plant. 34(5):1827-1836. 

2. Ahlawat, V.P. and R. Yamdagni. 1988. Effects of various levels of nitrogen and potassium application on 

growth yield and petiole composition on grapes. Perlette. Pro. Hort. 20:190-196. 

3. Ahmed, M.A., M.E. Abdelfattah, and Y.H. Mohamed. 1995. Effect of Urea, some micronutrients and growth 

regulator foliar sprays on the yield, fruit quality and some vegetative characters of Washington navel orange 

trees. Hort. Sci. 30(4).880A 

4. Albrigo, L. and N. Syvertsen. 2001. What about foliar NPK on citrus? Fluid. J. 9(3):8-11. 

5. Amaliotis, D., D. Velemis, S. Bladenopoulou, and N. Karapetsas. 2002. Leaf nutrient levels of strawberries (cv. 

Tudla) in relation to crop yield. Acta Hort. 567:447-450. 

6. Asadi Kangarshahi, A., Akhlaghi Amiri, N., Malakouti, M.J. and Moradi, B. 2005. The effect of zinc sulfate 

consumption amount and method on yield and quality of unshi tangerine. J. Soil Water Sci. 21: 1-12. (In 

Persian) 

7. Balakrishnan, K., K. Vekatesan and S. Sambandamurthis. 1996. Effect of foliar application of Zn, Fe, Mn and 

B on yield quantity of pomegranate, cv. Ganesh. Orissa J. Hort. 24:33-35. 

8. Bor, D., J. Duncan, A. C. Lee, A. Parr, and A. M. Owen. 2006. Frontal lobe involvement in spatial span: 

Converging studies of normal and impaired function. Neuropsychol, 44(2):229-237. 

9. Castr, J. and C. Sotomayor, 1997. The influence of boron and zinc sprays bloom time on almond fruit set. Acta 

Hort. 470(55):.402-405.  

10. Conradie, W.J. 2001. Timing of nitrogen fertilization and the effects of poultry manure on the performance of 

grapevines on sandy soils. I. Soil analysis, grape yields and vegetative growth. South Afri J. Enol. Viticul. 

22:53-59. 

11. Crespan, G., C. Zenaroda, G. colugnati, F. Bregant, E. Gallas, and I. Tonetti. 2000. Fertilizer procedures and 

response of vine, preliminary results of an investigation in cabernet sauvignon. Notiziario-ERSA. 13:21-24. 

12. El-Kassas, S.E. and S. El-Shasly. 1987. Effect of certain micro nutrients on the yield and fruit quality of 

Balady mandarin. Assiut. Agric. Sci. 18(4):135-153. 

13. Englbrecht, C.C., H. Schoof, and S. Bohm. 2004. Conservation, diversification and expansion of C2H2 zinc 

finger proteins in the Arabidopsis thaliana genome. BMC Genom 5:9. 

14. Ghasemnezhad, M., S. Zareh, M. Rassa, and R. Sajedi. 2013. Effect of chitosan coating on maintenance of 

aril quality, microbial population and PPO activity of pomegranate (Punica granatum L. cv. Tarom) at cold 

storage temperature. J. Sci. Food Agr. 93(2):368-374. 

15. Hao, H., Y. WEI, X. YANG, Y. Feng, and C. WU. 2007. Effects of different nitrogen fertilizer levels on Fe, 

Mn, Cu and Zn concentrations in shoot and grain quality in rice (Oryza sativa). Rice Sci. 14(4):289-294. 

16. Hassan, H.S.A., S.M.A. Sarrwy, and E.A.M. Mostafa. 2010. Effect of foliar spraying with liquid organic 

fertilizer, some micronutrients, and gibberellins on leaf mineral content, fruit set, yield, and fruit quality of 

“Hollywood” plum trees Agri. Biol. J. North Amer. 1(4):638-643. 

17. Keller, M., M. Kummer, and M. C. Vasconcelos. 2001. Reproductive growth of grapevines in response to 

nitrogen supply and rootstock. Australian J. Grape Wine Res. 7:12-18. 

18. Klug, A. 1999. Zinc finger peptides for the regulation of gene expression. J. Mol. Biol. 293: 215-218. 

19. Khayyambashi, B., Tadayon nejad, M. and Akhotian Ardakani, A. 2007. Evaluation of changes in yield and 

quality of pomegranate due to zinc, iron and boron elements. Abstracts of the 5th Iranian Horticultural Sciences 

Congress, Shiraz, Shiraz University, September 6-12. (In Persian) 

20. Lovatte, C.J. 1999.Timing citrus and avocado foliar nutrient application to increase fruit set and size. Hort 

Technology, 9(4). 

21. Marschner, H. 1995. Mineral nutrition of higher plants. 2nd ed. Academic Press, San Diego. 

22. Mengel, K. and E.A. Kirby. 1987. Principles of plant nutrition. Inter. Potash Inst. worblaufen-Bern, 

Switzerland. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

3.
1.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

2-
05

 ]
 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.3.1.6
http://journal-irshs.ir/article-1-453-en.html


����?�� � 	��F� ��� � 

264 

23. Mohamed, F.A., A.N.M. Shraf, and A.M. Mohsen. 1995. Response of orange to foliar application of 

manganese. Agric. Dep. of Soil and Water Res. Cario. Egypt. 

24. Mongi, Z. and A. Thomas. 2018. Plant nutrients for citrus trees. Soil and Water Science Department, UF/IFAS 

Extension, Gainesville, FL 32611. Visit the EDIS website at http://edis.ifas.ufl.edu. 

25. Noor, Y., Z. Shah, and M. Tariq. 2019. Effect of zinc and boron using different application methods on yield 

of citrus (Sweet orange) in calcareous soils. Sarhad J. Agri. 35(4):1247-1258. 

26. Orboric, V., D. Achor, P. Petracek, and J. Syvertsen. 2001. Air temperature, humidity, and leaf age affect 

penetration of urea through grape fruit leaf cuticules. J. Amer. Soc. Hort. Sci. 126:44-50. 

27. Piri, H., G.R. Moafpouriyan, and M. Dorostkar. 2005. Effect of nitrogen, phosphorus, potassium and some 

micronutrients on quantitative and qualitative characteristics of grape varieties Asgari. In: Proceedings of the 

Fourth Iranian Horticultural Science Congress. Mashhad Univer. Mashhad, Iran. pp. 271. 

28. Salem, AT., AE. Kilany, and G. Shaker. 2004. The influence of N, P, K P sources and potassium foliar 

application on growth and fruit quality of Thompson Seedless grapevines. XXVI Int. Hort. Congress: 

Viticulture-living eigth limitations. 31/Aug/2004. Toronto, Canada, Actahort, ISHS. 640:163-173. 

29. Shiemshi, D. 2007. Leaf chlorosis and stomatal aperture. New Phyto. 166:455-461. 

30. Sing, B. 1984. Effect of nitrogen fertilization on quality of lemon. Indian Hort. 16:308-311. 

31. Tadayon M.S.and H. Rastegar. 2005. Effects of zinc, manganese and magnesium sulfate foliar spray on the 

yield and quality of 'Jahrom local' orange (Citrus sinensis Swing).  Iran. J. Hort. Sci.  Technol. 5(4):201-214. 

(In Persian) 

32. Taghavi, G.R. 2000. The effects of macro nutrients and foliar application of zinc sulfate on the yield and 

quality of pomegranate. In: Proc the 2nd National Conference on the Optimum Utilization of Chemical 

Fertilizers and Pesticides in Agriculture, pp. 230-231, January 24-26, Karaj, Islamic Republic of Iran. 

33. Xiao, W.Z., Q. M. Lena, Q. Rong-Liang, and T. Ye-Tao. 2010. Effects of Zn on planttolerance and non-protein 

thiol accumulation in Zn hyper accumulator Arabis paniculata Franch. J. Enviro. Exp. Bot. 70:23-34. 

34. Zhou, T. 2003. The characters and effect of potassium in the aeolian sand soil on growth and quality of wine- 

grapes in Ningxia. J. Agri. Sci. China, 2(12):1345-1350. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

3.
1.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

2-
05

 ]
 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.3.1.6
http://journal-irshs.ir/article-1-453-en.html


... ��� � 2�: 9�7��84
 	I�� 0����< �453$ 	���D�� 

265 

 
Iranian Journal of Horticultural Science and Technology 22 (3): 253 -264 (2021) 
Research article 

  

 

Effect of Foliar Application of Nitrogen, Iron and Zinc Before Flower 

Induction on the Yeld and Quality of Sweet Lime (Citrus limettioides Tan.) 

Fruits 
 

S.A. Mohammadi Jahromi, A. Aboutalebi Jahromi*, V. Abdossi and A.R. Talaee11 

 

 This study was conducted to investigate the effects of nitrogen, iron and zinc on the fruit 

quantity and quality of the 6-years-old sweet lime trees budded on Mexican lime rootstock in 

the research orchard of Jahrom Islamic Azad University. For this purpose, nitrogen, zinc and 

iron elements (from sources urea, iron sulfate and zinc sulfate, respectively) were foliar sprayed 

at concentrations of 0, 3 and 5gL-1, alone and in combination, before flower induction, in 

October 2017. The experimental design was factorial based on the randomized complete block 

design with 27 treatments and three replicates. Each replicate includes one sweet lime tree from 

both parts of the garden at two separate locations in the orchard named groups A and B (each 

group included 81 trees). Based on the results, different amounts of nitrogen, iron and zinc, 

individually and in combination, had significant effects on all quantitative and qualitative traits 

of sweet lime fruit at P≤0.05. The effect of location was significant only on the total acids, 

vitamin C and fruit juice percentage. The highest average fruit weight (228g) and yield of a 

single tree (313kg) was obtained from the combined application of N, Fe and Zn elements at 

the highest concentration (5gL-1). The highest TSS and total acid (10.62% and 0.208mgL-1, 

respectively) were observed by application of 5gL-1 Fe without N and Zn. The greatest vitamin 

C content (56.93 mg/100ml) was in application of combined 3gL-1 N and Fe and 5gL-1 Zn 

treatment.  

Keywords: Urea, Micro nutrients, Citrus, Flower induction, Fruit yield. 
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