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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
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 2�:3 ��I�84.�0 � �7��84
 5 ��I�84.�0 a�4
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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)  
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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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