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Vegetative Growth and Nutrient Contents of Sweet Lime (Citrus limetioides 

Tan.) Scion Grafted on Different Rootstocks in Southern Iran 
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 �����- �0� 	1��� ��2�� 32�
 � 	+��� ��� �� 4��5�� 6�78� �������9��  �: ;��<���<. =�
�<- 	
�>� ?����

=�@ 	+���AB C	D�B ����
�E@ �:  F�G H.�I �:��J��5 ��G �� 	�:�9%  :����5 � ���D% ��KL10  ���-4��5��  ���
� .�� N�1���

��<7
�� CO<�;��% ���- ��� =�
�<- P+@ �A� � Q�G��� ;��<���<. ��) H<%�%5/37 	7
�1 � �7�7/19  (��U ����.���D.� 

��) H<%�%9/33 	7
�1 � �7�1/19  (��U �O<�;��%  �+�� P+@ � �% �A���� 	���D� ���- ��) H<%�%0/39  �6/11 (��U  ����+�

 .��O<� =�
�<-;��% ���5 ���- ��� �V��7<
 ���/� ;����
�� )17/3 (�!�:W  ���- ��� E�X�� � ��� CY<1�7-���.���D.� ��) H<%�%

68/2  C�!�:5/88  �0/36 	�<���U(��U��<5��W ���[<. ���- ��� Y<[�5 ���. )9/4 W(�!�: ;<7
���5 ���- ��� Y�E<�� )1/1 

W(�!�:  ;�B� Q�/%�- ���- ��)126 	�<���U ��  (��U��<5 ���- ��� \� �;D�ED� Y�] )5/20 	�<���U ��  (��U��<5:�� ���: .

 ��� ;��7�5 �����-��� ;D�ED� C^
��
 C	���D�  � ;��<���<. CY�]���.���D.�  Y��1 � ��_��U � ;����
�����5 C4������.���D.� 

3�0  .�� C3��K
�:���- 	�[
 3�E��� ;<<>% ;��<���<. �� ��
�<- H<5�% :���� ���� ��. ���- ������.���D.� � ;��<���<. C

	���D� �� H<%�%O<�;��%  � CQ�/%�-;����
�����5���[<. C  � ;<7
���5 C���._��U4��� �� H<%�%Y5 A�<7�� ;��%.��7��: ;D�ED� 

�� ^
��
 � Y�]���- ������` ��� .�
�� :����I ?1��  

��
��	� ��� ! : ���- C	���D���<. ���- ���- C;��<����.���D.� C=�@ .	D�B ���  

���)�  

  Q�K
�:3�� �� 4��5�� ���  Q�1  ;���L C	.�K
�
 ���: ;7� �:	� Q�G �+ 5��<� ��`�� :��� �%���  	�:  ��:��@ H�
� �

��7[�� .�	�5 ��GC  A� ���<[�YI�	��� ��<� �<.�% ���� �5	� O��EU ��<K� 3< <5 �� 	����+�� C�
�� � �
���
 H1��� ���

���- ��� C��I�� ;�� �5 31 � �A] �:A �
�<- �X�: ���3��b� 	
���<U C=�
�<- � ���- H<5�% A� �% �
��� ���� .:��  �<.�% O8

�
�U A� ���<cc[����- C	��<U ����B ��� ��cc� �
�<- ����<U �5 :��: :��� 	���	� �� J���� C=�@ ���cc[��
 ?���cc� ��
��%

����<�=�@ 4��B � �A��7[ � ��� :�@ �+ �� ��� �5 	
��A A� �7K� �� 	�<�I� ���[ ��
 ?����  �� � �AC  d�87
� .�����
 J��%

���-cc1��� ��� H���/� �� 3�B����<� � ����� 	�<�I� ���cc[��
 ?���cc� �� ��UA�cc1 � 	��<UC  dB � =�@ �E<
 =�
�<-	���  A�

 	%���% ��I�� ;��7K���UA�1  �����: ���[ -��A�� � 3< <5 C:�D��� d��e�YK� A� 	D� C ;��%O.�L4��5�� 3>�!  ��� ���5

Y�� �  	
��
�� 31�)13.( 	1���	� ��+
 �7��U ���
� ���	U,�� �5 ��: 4��5�� 3@�: P� 	
��
�� ����<0�% ��A O�D���� 

	� ���I =�
�<- � ���- 	D<7
V ��E���<U
���- .��B �A��
� � =�
�<- 4��I ��� 4��5�� ��� C��<� �A��
� CQ�cc9�� :�D��� C��

 

1-  :3����: g���%26/10/98                       :h��i- g���% 23/6/99  

2- H<%�% ��  ���U ��<+
�: ���� � ��K� C	�j1� :�AB ��X+
�: C��K� �`�� C	
��
���X+��,-  hA��B � 4�/</�% E5�� C	
�� � 	���A 4�/</�% O8�

.����� CN������� C�A���+5 ^���% � hA��B C4�/</�% ���A�1 C��UE��� 	><�G k���� � �A���+5  

) :P<
��7D.� 3[- CQ�l[� ���[��
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 C��<� dB 3< <5J��%  ��E<� � =�@ �:�� 	��<�I � ���  C	��I�
 3.�` C	D+ @ C���1  ������9 ��  	
�>� n�� �: :����

���- ;<�o�� .�
��: �:��A �<0p%=�@ �� ���UA�cc1 q��. A� 6�78� ������ 3��� �� 	X7ccc[��� � �cc+�� O�5��- C6�78� ���

4�� 7� Y� �� 	��E���D�����
 )7.( <� ��<1 � C��<� 3< <5 � 3<�5 6�78� 	�<�I� ?����  �: ��
�<- ��I�� 	+ ��� �� � � ��

�<0�% ��A ���-	� ���I 4��5�� 6�78� ���) :�<U6���- 	����5 � ���UA�cc1 .( di� �: 4��5�� 6�78� �������cc9��  	
�>�

YK� A� 	D� H1��� ���- d�87
� ;������� C31� 4�� 7�r�� �: ��is% 3����� J���� ;��% 31� 4��5�� ���)25 .(  

  Q��
 ;7X�� �� Q�/%�- ��I�� �,�� �� C4��5�� ��<� �A��
�1 �<[ �.�� �2  4��  ���<0�% ��A 	� ���I ���- t�
:�<U )13 � ;<��� .(

) :�,
�b�<��81���- ( ������.���D.�3 ��%�-�l�5 � ;����
��4 H1��� ����� �� �����- ;��%_��U YI� �: ���� ��	��� 4��� :�5  �

h���6  di� ��E<� �2
 A� ^
��
 ���- CO��,- P� �: .�
:�5 	��>� Q��A: �/e�� �:����9 ��  A� �%�� Y��1  � ��� CY<[ �5

���-^
�7<cc1 ����% � �E���5 ���7 ) 3cc1� ��cc� 	��>�31.( C	cc+��,- �: Giner-Forner ) ����D�� �9 (O<�;��%  � :�D���

3� �:3<.��
 Q�/%�- ��<� ;��%8  ���- ��� �����.���D.� .�
:�5 ����+ � 	� ��EU �: Ahmed ) ����D�� �3 ���- (���.���D.� 

u�� ���� H1 ��� ;�EX��� P� ����� �� �� ���.9 4��5�� 3>�!  �:�� ��7[ 5�- ���5��<5 	X
��
 ���� �,��11  .�
:�5 	��>�

 h��EU �:Yeşiloğlu ) ����D�� �24 �� �� ^
�7<cc1 ����% � �E���5 ���- �: (���- ����� ��<� 3< <5 :��K� ���� O8��<�� ���

_��U��cc1���� 4���11  :�K�cc+<-3cc1� ��cc����- �0� �� �e��� �: .�B ��� ��cc��
�<- ��I�� ��<� 3< <5 �� 4��5�� ��� C��

Benjamin ) ����D�� �5 	@�� Y>G �5 �
:�5 h��EU (YI� A� ��� ���- ��� ��cc��
�<- 4��5�� ^
��
 ��:�/� J<.: ��cc+<� �7

 ��E<� E<
 � J5 �<1� � Q���� ���� :���7+<� C���� :��� � �7K� ���- ��� ����
�<- ��I�� A����.���D.� .:��  

   A� 	D� ;��<cc���<.Q�cc9�����  ��K� ��7cc1�Kcc� ��<.�%3cc1� ���� O8� �5r�� A� ����7cc1�Kcc� ;�� ���  :�@ �� ��

31� �:�: v�97@�.  H<%�% �� ����� �: �B �<.�% ��E<� � ����� 3+5 ��A we1 �� x.��27  ��7D� ��E� �918 � ;% ��E31� )2 .(

 O��E���� ��<U ;�����- ��� �
�<- �� � ���I C�i� ��<1�	� 4��! 6�78� ��� .:�<U3>�! �: Q�9�� ;�� 3<��� �� ���% �� 

h���- ��cc+5 d��� 4��5��  	��5 4��jG� :���5 � ��<�A �:	����5 ���- C6�78� ����<. =�
�<- �� H<5�% �: �: ;��<cc��

=�@ ?����g1�- C3��K
 �: .�� ���
� �b�` O��,- C	D�B ��� 	+��� ��� ;��<���<. =�
�<- ��E<� �����9�� � 	
�>

 ��� �B10  ���- 6�78��� �>.�e�.  

*�� � !�����  

   �: O���AB ;�� F�G H.�I��J��5 ��G  �: 	�:�9%���
� ��K� �`�� 	�j1� :�AB ��X+
�: �
�8�U �� ����i� ��2�� ;��� .

10  J��ccc� 4��5�� YI�) ;��<ccc���<.Citrus limettioides Tan.(C ) 	���D�C. limettioides Tan.×C. jambhiri Lush.(C 

) ���.���cD.�C. volkameriana Ten. and Pasq.(C ) ^
��c
C. aurantium L.c/%�- C() 	��� Q�C. sinensis L. Osbeck(C 

;D�ED� Y�] )C. aurantifolia Swingle(C _��U) 4���C. paradisi Macf.(C ) ���5 	X
��
Owari Satsuma×King tangor(C 

) ;<7
���5 	X
��
C. clementina Hort. ex. Tan.���[<. � (���. )C. lemon L. Burm.f(��<� A� C �����J��5 ��G  �� ��<1�

 �<K% YI� �� ���� �A] ���/�cc�.�  A� \- ���i�	��:A��U y��I �� 32�
 �� 3�<% O52 ����U �: C��E� �: ���5  ���` ��7<.

 �� 	D�B =�@) �/e�� H.�
 =�@pH  �����96/7  3��� �.	�� Q��� C1 :��>% �� (30  :��>% � ����U �� �: :��4  ���� ����U

 3+5 YI� ���.� ���<�B ����U��dB �� C �� ��L  	D��7D.� 3����850 �� ���
� N����D<�. Q�K
�: �5 ;�� A� \- ��`�� �� ��

5  C�
�<cc1� 	U��Q�K
�: t���� A� Q�K
�: P� �����J��5 ��G  � d�87
� 3@���D� .�
�cc� ui` �</� 3cc�iU A� \-7  A� ���

=�
�<- A� �:� 71 � �� �
�<-�5 J�� C�i� 3� �5 ���A ��� ��z1  h�� �� C;��<� ��<. Q�K
�:�� .��  ���
�  3� iU A� \-15 

 ��: ������
 C�
�<-�5 ���
� ���A A� A���
�<- J�� �
�<- J�� �]�� A� ���- � A��  Y@=�
�<- �5 �B A� \- � �ccc�� ����/� ��

 A� ���- C�
:�55 	7
�cc1 �]�� ��7� �
�<- J�� keIcc�=�
�<- �cc�� ���: Qj@ �: .���
��� C����- �:�5�cc�� ���C �7cc1�<- 

 ui`cc���
=�
�<- �� . 4�� ��5  �7� ��<cc1� �� =�
�<- 	.�G �cc�� ��E<� �B A� \- � �cc� �:�: �cc�� �A��� ����E�� �eI C

 �: =�
�<- �I�cc110 	7
�cc1 � \<.�5 ��<cc1� �� �
�<- J�� �]�� ��7�  	X��E�cc1 {@�cc�n�� �: ��<cc1� �� =�
�<- ���

 

1- Washington Navel                    2- Valencia      3- Volkamer lemon       4- Cleopatra mandarin      5- Ruby Red     

6- Marsh    7- Carrizo and Troyer citrange     8- Navelate       9- Rough lemon     10- Kinnow      11- Henderson 
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 ��X7cc1:����5J<) ^�cc1SPAD, Minolta Japon( �A��
�.�cc� ��<U �A��
� �� :��>% �: J<����5 32�
 ��<U10  �� n�� �
��


���9� h��) �7��%����7Dz1 � ��X71: � ��71� �� ��<UShimadzu UV-120-02�:�: J���% C(�A��
� A� J!�` ��� ��E<� ��<U

	�<� �� J<����5 ���
� n�� �A�% �A� ��U �: ��U) ��4.(  

  

 Q���1- 	U,����� D�E<� 	� �:� 71� :��� =�@ 	��<�<�.  
Table 1. Physical and chemical properties of the used soil. 

	U,��  
Parameter (%)  

���/�  
Value   

  

  
�!���  

Elements (mg/kg)  
���/�  

Value   

 ;�Sand  50     � [�P  2.92   

 3�<1Silt  36     Y<1�7-K  190   

 N�Clay  14     ;�BFe  2.96  

	.B ;��5O.C  0.64     \�Cu  0.48  

 ��
�� 	|�@ :��� �!�:T.N.V  56      ���Zn  0.36  

 J5 �V��7<
Total N  0.061     E�X��Mn  0.31  

	- y�pH  7.96     	D��7D.� 3����310EC ×   0.71  

 t���� �!�:S.P  36    -  -  

  

  P% O���AB ����- �:����U A� ����<U P% :�@ ��  }��@ ~�<7`� ���
3�[ I C���  	���� A��+ �� � keI �
�<- J�� �: ��

 dB��J��5 ��G ��  �7[ ��
 �+ �� � 	���� 3�[ I �% �A� . ��<U ���A��
��A��
� ���� .��  ��<U 3�[ I P+ @ �A� ��<U

�cc+�� � 	������ O8� �� C�� ���: �� ��B �: �
�U��� ��G65  ���: N�<cc[�cc1  4�� ��48 3��cc1 .�cc� �:�: ���I  3K�

�A��
� ���/� ��<U����9�� � ��<U �� n�� � ��� C	���� 3�[I �: 	
�>�� d�<1B �
�U��� ��G�.�  A� �:� 71� ��3/0  A� ��U

	��<U �:�- �  Q���5��D<� ��X71: ��<1� �� ���/��V��7<
  J5�A��
�.�� ��<U �A��
� 3K� ���1 ��<U���9��  ��7�� ��U Y<


 ���: �� ���5 �: 	��<U �:�-500  ���: N�<[�1  �7[5�@ �� �<K% 	��<U ���9� ���:�U.  \z1���9� A� �:� 71� ��C  ���/�

��>� h�� �� Y��1 � Y<1�7-	��1 Y<�� ��X71: ��� �7��7�  di� ��X71: ��<1� �� E�X�� � \� C��� C;�B CY�E<�� CY<[�5

 � cc[� ���/� � 	�%��� ��� �  h��Levy  �Lifshitz )14 ( �7��7���7Dzcc1� ?cc1�%�A��
� 	cc1��� ���� .�cc� ��<U��<K� �:��

�:�:3�0 ������AB A� C��ccc� ���Kolmogorov-Smirnov  �Shapiro-Wilk � ��
��E�� SPSS 20.0 �ccc� �:� 7ccc1�  A� \- �

 A� ���<�G���<K��:�: �:�� C�� ����B J<��% � ��E�%��
 ?1�%��E�� SAS 9.1  � �[��/�;<X
�<� ����  ���ABLSD ���
� .��   

���- 	�[ 
 3�E� ��1 ��� ��2�� ����  ����- d�87
��%�� ������U C;<X
�<� �[ ��/� A� J! �` ����B ����� 	�:A�<7�� ���
  �

��A�<7�� k�� �� ~���� �18 	U,��  �>.�e� :�������  ����� �� ���- �� {@���2
 �: 	�[
 3�E� .�� �7��U  C�e��� ;�� �:

=�@ ?���cc� �� ���% �� �7�5 di� 3�E� � ����� d��� �������cc9��  CY��cc1 � ���O<�;��%  �� ~���� A�<7������cc9�� 

���- �� Y��1  � ��� 	
�>� �: �� �9 �� �: ;�� A� ��E<� ;��7�5 �5 3��U ��>% 	���=�
�<- .�
:��
 ��/.�  �� �� C	�:A�<7�� �:

 A� P�u�` ����� .��  �:�: v�9 7@� w<�!  :���� ;<X
�<� �[ ��/� A� J! �` �5 	%��!  �: CQ�|� ��Gu�` ��� A� J! �`

 J��� ;<X
�<� �[��/�a Cb Cc Cd Ce  �f  ��� �: C:��	U,���� �� E�����9�� �B �� CY��1 � ��� :���� H<%�% �� ��6 C5 C4 C3 C

2  �1 � �5 �:���� �: .�cc� �:�: v�cc97@� ����: ;<X
�<u�` ��� 	/< �% ��
��ab  Q�|� �:) u�` �: ;�� :���� ;<X
�<� C:��

 ]��5/5�� (   .�� �7��U �2
 �: A�<7�� �����  

+
�$�  

 "�	#$
� %#&'(�)*#��	� �+$�� �$��  

   N�ccc1�����<7
��� �:�: \
����� ��E�%��C  t�
 �0� �� �:� 7ccc1� :��� ���- weccc1 �: � ccc[� ���7�� Q��7`�5% �</� �� �

	U,����  we1 �:1%	�>�:�� ��:.  
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�)*#��	�  ��,$ -�� .�/�� ! 0
&�� � 1����2%#	2 ��$ �#��,�3�� 4 56� �	�  

  	U,����� ���- ��� ;��<���<. =�
�<- ����6�78� ���C ���- ��� =�
�<- Q�G ;��7+<� .:�� 4�� 7����  ;��<���<.

 ����.���D.� ��) H<%�%5/37  �9/33 	7
�1 �2
 ;�� A� � �� 3�0 (�7� 4�� %	�>� ����B��<. ���- ;<� ���: ���% �� ;��<�

���-� A� �<
 ����.���D.�  =�
�<- Q�G ;��7�5 .3��: :���H<5�% ������- ��� ��
�<-��� _��U C���. ���[<. C4���

��) ;<7
���5 � Q�/%�-H<%�%C 6/8 C5/9 C0/11  �5/12 	7
�1���- ;<� ����B 4�� % � �� ����+� (�7�� ����<� ��� :���

) 3���
 Q���2() =�
�<- �eI ;��7+<� .4/5 	�<� �� (�7� 4�� %	�>�) �B ;��7�5 � ;��<���<. ���- ��� ��:0/3 	�<� (�7�

	�>� 4�� % �5 �� 3�0 ���. ���[<. ���- ���<- �eI ;<� ���:���- � ���- ;�� ��� ����
�<- =�
� � Q�/%�- ������.���D.� 

) 3���
 :��� Q���2 .(  

 
 Q���2-  ;<X
�<� �[��/�	U,����� 	+���  =�
�<-;��<���<. ���- ���6�78� ���.  

Table 2. Mean comparison of vegetative traits in scion of sweet lime on different rootstocks. 

 ���-Rootstock 

	U,��  

Trait 

 =�
�<- Q�G

Scion 
length 
(cm)  

 =�
�<- �eI

Scion 
diameter 

(mm)  

 �% �A�

 =�
�<-

Scion 
fresh 

weight (g) 

 P+@ �A�

 =�
�<-

Scion dry 
weight 

(g) 

 J<����5

 =�
�<-

Scion 
chlorophyll 

(mg/g) 

 �+�� �% �A�

Root 
fresh 

weight 
(g) 

 P+@ �A�

 �+��Root 

dry 
weight (g) 

;��<���<.  

Sweet lime 
37.5a 5.4a 58.0a 19.7a 5.5b 28.7b 9.9b 

���.���D.�  

Volkamer lemon 
33.9ab 3.3ef 43.5b 19.1b 5.0de 28.2b 8.9b 

	���D�  

Bakraei 
32.0bc 3.8cd 41.7b 18.4c 5.1cd 39.0a 11.6a 

^
��
  

Sour orange  
28.6cd 4.0bc 38.4c 14.2d 5.6b 22.8c 6.1c 

Y�] ;D�ED�  

Mexican lime  
25.6d 3.6de 59.1a 18.1c 5.8a 34.8a 9.4b 

;����
�� ���5  

Kara mandarin  
17.0e 4.0bc 10.4f 3.4g 4.7f 10.1g 2.9e 

;<7
���5  

Clementine  
12.5f 4.2b 19.7e 7.1f 4.9e 11.7fg 3.9de 

Q�/%�-  

Sweet orange  
11.0f 3.3ef 7.3g 2.4h 5.2c 15.0ef 4.4d 

���. ���[<.  

Lisbon lemon  
9.5f 3.0f 6.3g 1.8i 5.2c 17.0de 4.9cd 

_��U4���  

Grapefruit  
8.6f 4.0bc 22.4d 8.2e 5.2c 19.8cd 6.1c 

Means in each column with at least a same letter are not significantly different according to PLSD (P<0.05). 
;<X
�<� �5 ��71 �� �: :���� ���YD71: 	�>� 4�� % C��7[� =�7+� u�` P� ����: we1 �: ���:5%  ���ABPLSD .�
���
  

 

  ���- ��� =�
�<- �% �A� ;��7cc+<���� ;D�ED� ��) ;��<cc���<. � Y�] H<%�%1/59  �0/58  Y� �� �5 �cc� ����cc+� (��U

 4�� %	�>� =�
�<- �% �A� ;��7�5 .��7� ��
 ���:���- ������ ��) Q�/%�- � ���. ���[ <. H<%�%3/6  �3/7  ����c+� (��U

	�>� uj7@� Y� �� �5 �cc�) ��7cc���
 ���: Q���2) =�
�<- Pcc+@ �A� ;��7cc+<� .(7/19  � ;��<cc���<. ���- ��� (��U

) �B ;��7�58/1 ���- ;<� �e��� ;�� �: .�c� 3�0 ���. ���c[<. ���- ��� (��U uj7@� 6�78� ���	�>� P� wec1 �: ���:

3��: :��� �!�:C  � 	���D� ;<� ���;D�ED� Y�]  4�� %	�>�) �+
 ����+� ���: Q���2 =�
�<- n�� �: J<����5 ��E<� .(

���- ���) J<����5 ��E<� ;��%]�� .:�� 4�� 7� 6�78� ���8/5 	�<�n�� �: (�A�% n�� ��U �: ��U ���- ��� =�
�<- ���
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;D�ED� Y�] ) �B ;��7�5 �7/4 	�<�n�� �: (�A�% n�� ��U �: ��U��� ���5 ���- ��� =�
�<- ) ��  ����+ � ;����
�� Q���

2���- �: E<
 �+�� P+@ � �% �A� .(�B ;<� � :�� 4�� 7� 	1��� :��� ���	�>� uj7@� �� �A� ;��7+<� .3��: :��� ���:

��) �+�� P+@ � �%H<%�%C 0/39  �6/11 � (��U��) �B ;��7�5 � 	���D� ���- �� ~���H<%�%C 1/10  �9/2  �� ~���� (��U ���5

;����
��  ���- C�+�� �% �A� �� �e��� �: .:��;D�ED� Y�] 	�>� uj7@�) 3���
 	���D� ���- �� ���: Q���2.(  

 0
&�� �� %#	2 �7
�	��89� �#��,�3�� 1����2 $� :�8��2  

   ��E<� ���- t�
 �� �7[�����9�� ���- .:�� 4�� 7� ;��<���<. =�
�<- �: u�9��- �� �V��7<
 	%�� 7� ��:�/� 6�78� ���

=�
�<- �:) �V��7<
 ��E<� ;��%]�� .��7��: :�@ ���17/3  ���- ��� (�!�:;����
�� ���5 ���- ��� �B ;��7�5 ���� 

_��U��) ;<7
���5 � 4���H<%�%C 47/1  �68/1 �� ����+� (�!�:  � 4�� %	�>����- ;<� ���:_��U ��� ;<7
���5 � 4���

3���
 :���	�>� 4�� % ;<�o�� .�+
 ����+� ���. ���[<. � ;��<���<. ;<� ���:�V��7<
 ��E<� �� �e��� �: . C=�
�<-  ;<�

H<5�% �����
�<- ���- ��� CQ�/%�- C	���D� ���;D�ED� Y�] � ^
��
 C���.���D.�  E<
 uj7@�	�>�) 3���
 :��� ���: Q���

3(.  

  

 Q���3-  ��E<� ;<X
�<� �[��/�����9�� u�9��- 	
�>� n�� �:��<���<. ���   �<0�% ��A ���- t�
.  
Table 3. Mean comparison of macro-elements content in sweet lime leaves as influenced by rootstock type.  

 ���-Rootstock 

����9�� u�9��-  

Macro-elements 
�V��7<
 

Nitrogen 

� [�  

Phosphorous 

Y<1�7-  

Potassium  

Y<[�5  

Calcium  

Y�E<��  

Magnesium  

% 

;��<���<.  

Sweet lime 
2.86b 0.181ab 2.31ab 3.54de 0.36e 

���.���D.�  

Volkamer lemon 
2.07c 0.160abc 2.68a 4.30bc 0.45d 

	���D�  

Bakraei 
2.33c 0.190a 2.31ab 3.96cd 0.36e 

^
��
  

Sour orange  
2.07c 0.167abc 1.94bc 3.35e 0.33ef 

Y�] ;D�ED�  

Mexican lime  
2.07c 0.162abc 2.31ab 3.55de 0.27f 

;����
�� ���5  

Kara mandarin  
3.17a 0.130abc 1.50cd 4.30bc 0.80c 

;<7
���5  

Clementine  
1.68d 0.100c 1.13d 4.20bc 1.10a 

Q�/%�-  

Sweet orange  
2.20c 0.160abc 1.41d 4.70ab 0.80c 

���. ���[<.  

Lisbon lemon  
2.66b 0.110bc 2.10b 4.90a 1.00b 

_��U4���  

Grapefruit  
1.47d 0.150abc 1.40d 4.50bc 0.80c 

Means in each column with same letter are not significantly difference according to PLSD (p<0.05). 
;<X
�<� �5 C��71 �� �: :���� ���YD71: 	�>� 4�� % C��7[� =�7+� u�` P� ����: we1 �: ���:5%  ���ABPLSD .�
���
  

    

  ) � [� ��E<� ;��%]�� .3��: ���I ���- t�
 �<0�% ��A E<
 � [� ��E<�19/0  �� ����+� 	���D� ���- ��� =�
�<- �: (�!�:

 �5 �K�%�� ���-	�>� 4�� % ���. ���[<. � ;<7
���5 ��� � ;<7
���5 ���- �: ��� =�
�<- � [� ��E<� ;��7�5 .3��: ���:

��) ���. ���[<.H<%�%C 10/0  �11/0  �� 3�0 (�!�: �5 �K�%	�>� 4�� % 	���D� ���- �� ��7��: ���: Q���)3( ��E<� .

=�
�<- �: Y<1�7-  �����- t�
 �<0�% ��A 4�� ) Y<1�7- ��E<� ;��%]�� .3��: ���I68/2  ���- ��� =�
�<- �: (�!�:���.���D.� 
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���- �� �5 �� 3�0 C;��<���<. ���;D�ED� Y�] 	�>� uj7@� 	���D� � ~���� Y<1�7- ��E<� ;��7�5 CJ��/� �: .3���
 ���:

���- ��� =�
�<- ��_��U C;<7
���5 �������
�� ���5 � Q�/%�- C4�����) ;H<%�%C 13/1 C40/1  �41/1 C50/1  � :�� (�!�:

	�>� 4�� % Q���) �+
 ����+� ���- ��KL ;�� ;<� ���:3.(  

  ) Y<[�5 ��E<� ;��%]�� .3��: ���I ���- t�
 �<0�% ��A E<
 Y<[�5 ��E<�9/4  � ���. ���[<. ���- ��� =�
�<- �: (�!�:

) �B ;��7�535/3 	�>� uj7@� �e��� ;�� �: .�� 3�0 ^
��
 ���- ��� =�
�<- �: (�!�: Q�/%�- � ���. ���[<. ;<� ���:

	�>� uj7@� ;<�o�� .�+
 ����+����: ���- ;<� � ;��<���<. C^
��
 ���;D�ED� Y�] ) 3���
 :��� Q���3 .( ;��%]��

) Y�E<�� ��E<�1/1 ) �B ;��7�5 � ;<7
���5 ���- ��� =�
�<- �: (�!�:27/0  ���- ��� =�
�<- �: (�!�:;D�ED� Y�]  :���

 ���- �e��� ;�� �: .3��:;D�ED� Y�] 	�>� 4�� % ^
��
 ���- �� ���:) 3���
 Q���3(.  

;! �	��89� <= > �� %#	2 �7
�#��,�3�� 1����2 $� ;#�+ � :�8�  

  �� ���- t�
 �<0�% ��A =�
�<- �: ;�B ��E<�	�>� ��G) ;�B ��E<� ;��%]�� �e��� ;�� �: .:�� 4�� 7� ���:126 	�<� �� ��U

 �� ~���� (��U��<5 ��� =�
�<-) �B ;��7�5 � Q�/%�- ���-42 	�<� ���- ��� (��U��<5 �� ��U;D�ED� Y�]  ���- �: ;<� .:��

;D�ED� Y�] 	�>� uj7@� ^
��
 �) �+
 ����+� ���: Q���4() ��� �9�� ��E<� ;��%]�� .5/88 	�<� �: (��U��<5 �� ��U

���D.� ���- ��� =�
�<- ���- ��� =�
�<- �: �B ;��7�5 � ���. �����5 � Q�/%�- C���. ���[<.��) ;����
�� �H<%�%C 0/35 C

0/40  �0/41 	�<�=�
�<- ;<� �e��� ;�� �: .�� ����+� (��U��<5 �� ��U�� ���- ��� ��E<� �2
 A� 	���D� � ;��<���<. ���

	�>� uj7@� ��� �9�����- ;<� ;<�o�� .3���
 :��� ���:���[<. ��� 	�>� 4�� % ;����
�� ���5 � Q�/%�- C���. ���:

�) �+
 ����+ Q���4(.  

 ���-	�>� �<0p% E<
 =�
�<- �: :���� \� ��E<� �� 6�78� ��� ���- �: ��� =�
�<- �: \� ��E<� ;��%]�� .��7��: ���:

;D�ED� Y�] ��) ^
��
 �H<%�%C 5/20  �5/18 	�<�	�>� uj7@� 	���D� ���- �� �5 �� 3�0 (��U��<5 �� ��U .��7���
 ���:

� ;��7�5���- ��� =�
�<- �: \� ��E<_��U �����) ;<7
���5 � ;����
�� ���5 C���. ���[<. CQ�/%�- C4���H<%�%C 5/7 C0/8 C

0/8 C1/8  �6/8 	�<�	�>� 4�� % � 3��: :��� (��U��<5 �� ��U=�
�<- ;<� �e��� ;�� �: .��7���
 Y� �� ���:�� ���- ��� ���

���.���D.�C 	�>� uj7@� E<
 	���D� � ;��<���<.) �+
 ����+� ���: Q���4( .  

	�>� �<0p% =�
�<- �: E�X�� ��E<� �� ���- t�
) E�X�� ��E<� ;��%]�� .3��: ���:36 	�<� ��� =�
�<- �: (��U��<5 �� ��U

 ���-���.���D.� ) �B ;��7�5 �11 	�<����5 ���- ��� =�
�<- �: (��U��<5 �� ��U ���- ;<� �5 ���G �� �� 3�0 ;����
�� ���

_��U C;����
�� ���5	�>� uj7@� Q�/%�- � ;<7
���5 C4���=�
�<- ;<� E�X�� ��E<� �� �e��� �: .�+
 ����+� ���:��  ���

���-;��<���<. ���C ;D�ED� Y�]	���D� CC 	�>� uj7@� ���. ���[<. � ^
��
) �+
 ����+� ���: Q���4(.  

Y5 ����9�� �</� �� 3�[
 ��7�5 ��E<� �� =�
�<- �: ��� ��E<� ;��%]�� �e��� ;�� �: .3��U ���I ���- t�
 �<0�% ��A u�9�

) ���. ���[<. ���- ��� =�
�<- �: ��� ��E<�7/23 	�<����- �� �5 �� ����+� (��U��<5 �� ��U_��U CQ�/%�- ��� ���5 C4���

� % ;<7
���5 � ;����
��	�>� 4�) 	���D� ���- ��� =�
�<- �� ~���� ��� ��E<� ;��7�5 .3���
 ���:0/9 	�<� (��U��<5 �� ��U

���- �� �5 :�� C^
��
 ���;D�ED� Y�] � ;��<���<. C���.���D.� 	�>� uj7@�) :��
 ��+
 ���: Q���4 .(  

�A��
� �9�� ;��@B��<U) Y��1 ��E<� ;��%]�� �5 :�� Y��1 ���150/0  �B ;��7�5 � ^
��
 ���- ��� =�
�<- �: (�!�:

)021/0 _��U ���- ��� =�
�<- �: (�!�:	�>� uj7@� �5 ���G �� ��B 31: �� 4���_��U ���- ;<� ���:���- �� 4��� ���

 C;����
�� ���5���.���D.�	�>� 4�� % ;<�o�� .�+
 ����+� 	���D� � ;<7
���5 C���- ;<� ���:�- ��� CQ�/%;D�ED� Y�]  �

) 3���
 :��� ;��<���<. Q���4.(   

   ���% �� �����- C	�[
 3�E� {@�� ������.���D.� A� O<� A�<7�� H[5 �� 	���D� � ;��<���<. C70�� C ����� �� H<%�%

 JD�) �
�� 	��>� O���AB ;�� ?���� �: ;��<���<. =�
�<- ���� �%�� ���- �11 .(���- ���;D�ED� Y�]  �� H<%�% �� ^
��
 �

 A�<7�� H[565  �60�:� �: C .��7��: ���I ��>� ������- CJ��/� �:��U ��� � ;����
�� ���5 C���. ���[<. C;<7
���5 C4���

 H[5 �� Q�/%�- ���A�<7�� �7�5���:� �: H<%�%.��7��: ���I ��>� ���  
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 Q���4-  ��E<� ;<X
�<� �[��/�����9�� Y5 	
�>� Y��1 � u�9�n�� �: ;��<���<. ����<0�% ��A ���- t�
.  
Table 4. Mean comparison of micro-elements and sodium content in sweet lime leaves as influenced by rootstock 
type. 

 ���-Rootstock 

����9�� Y5u�9�  

micro-elements 
;�B 

Iron 

���  

Zinc 

\�  

Copper 

E�X��  

Manganese 

���  

Boron Y��1  

Sodium (%) 
mg/kg 

;��<���<.  

Sweet lime 
51f 75.8b 14.5b 24b 10.06b 0.075bc 

���.���D.�  

Volkamer lemon 
86c 88.5a 14.0b 36a 11.31b 0.040de 

	���D�  

Bakraei 
55f 75.2b 17.0ab 23b 9.03b 0.048de 

^
��
  

Sour orange  
48fg 62.2c 18.5a 21bc 9.48b 0.150a 

Y�] ;D�ED�  

Mexican lime  
420g 54.0cd 20.5a 24b 9.48b 0.094b 

;����
�� ���5  

Kara mandarin  
81c 41.0ef 8.1c 11e 21.70a 0.032de 

;<7
���5  

Clementine  
107b 53.0d 8.6c 14de 21.20a 0.046de 

Q�/%�-  

Sweet orange  
126a 40.0f 8.0c 16cde 22.70a 0.100b 

���. ���[<.  

Lisbon lemon  
73d 35.0f 8.0c 19bcd 23.70a 0.060cd 

_��U4���  

Grapefruit  
64e 49.0de 7.5c 14de 21.90a 0.021e 

Means in each column with same letter are not significantly difference according to PLSD (p<0.05). 
;<X
�<�JI��` �5 C��71 �� �: :���� ��� 	�>� 4�� % C��7[� =�7+� u�` P� ����: we1 �: ���:5%  ���ABPLSD .�
���
  

   

  
Fig. 1. Comparative advantage of the studied rootstocks based on the 18 evaluated attributes for sweet lime scion. 
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) ���X+��,-10 C23 =�
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 ( ��E<� �:�� ]������9��  ;�B CY�E<��
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���5  �_��U4��� 

���- ��� ��� =�
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���-;<7
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�����9�� ���- �: u�9��- C^
��
 ���;D�ED� Y�]_��U C.�� ����+� ;<7
���5 � 4���   

   N�1� ����<7
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Research article 

 

Vegetative Growth and Nutrient Contents of Sweet Lime (Citrus limetioides 

Tan.) Scion Grafted on Different Rootstocks in Southern Iran 
  

A. Aboutalebi Jahromi* and H. Hassanzadeh Khankahdani11 

 

In order to investigate the effects of different rootstocks on vegetative growth parameters 
and the concentration of mineral elements in sweet lime scion under the calcareous soil 
conditions, an experiment was conducted. This experiment was designed in a completely 
randomized design with 4 replicates and 10 citrus rootstocks under nursery conditions. Based 
on the results, the greatest scion length and dry weight were recorded on sweet lime (37.5 cm 
and 19.7 g, respectively) and Volkamer lemon (33.9 cm and 19.1 g, respectively) rootstocks 
and the highest root fresh and dry weights were observed using Bakraei rootstock (39.0 and 
11.6 g). The scion had the highest contents of nitrogen on Kara mandarin  (3.17%); potassium, 
zinc and manganese on Volkamer lemon  (2.68%, 88.5 and 36.0 mg kg-1); calcium on Lisbon 
lemon  (4.9%); magnesium on Clementine  (1.1%); iron on local sweet orange  (126 mg kg-1) 
and copper on Mexican lime  (20.5 mg kg-1). The lowest contents of boron was detected by 
using Bakraei, sour orange, Mexican lime, sweet lime and Volkamer lemon rootstocks. The 
least sodium was recorded by using grapefruit, Kara mandarin and Volkamer lemon rootstocks. 
Finally, comparative advantage of the rootstocks to creat graft combinations with sweet lime 
was determined. The highest scores were assigned to Volkamer lemon, sweet lime and Bakraei 
rootstocks; and local sweet orange, Kara mandarin, Lisbon lemon, Clementine and grapefruit 
rootstocks had the lowest scores. Mexican lime and sour orange were considered as 
intermediate rootstocks.  
Keywords: Bakraei rootstock, Calcareous soil, Sweet lime rootstock, Volkamer lemon. 
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