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Pre-harvest citrus fruit splitting is a physiological disorder that causes significant 

damage to producers of susceptible cultivars by reducing the amount of crop 

available on the market. Proper management of tree nutrition and paying special 

attention to the three key elements of potassium, calcium, and boron, which are 

involved in the strength of cell walls and fruit peel flexibility, can be effective in 

reducing the fruit splitting severity. Therefore, an experiment has been carried out 

in the Ramsar (Citrus and Subtropical Fruits Research Center) during 2018 and 

2019 to investigate the effects of foliar application of 1.0% potassium nitrate, 

1.0% calcium nitrate, and 0.5% boric acid at the end of June drop on reducing the 

severity of splitting and some fruit traits of Page mandarin. This study is 

performed according to a combined analysis in time with two factors including 

years of experimentation and different treatments of foliar application of nutrients, 

based on randomized complete block design with three replications. The results 

show that the treatments especially 1.0% potassium nitrate have reduced pre-

harvest fruit splitting, increased the yield, and improved the quantitative and 

qualitative fruit traits. However, they have had no significant effect on the activity 

of polygalacturonase enzyme, cell density of blossom-end, and navel diameter. 

Overall, foliar application of nutrients, especially 1.0% potassium nitrate, could be 

suggested as an effective approach to control pre-harvest fruit splitting and boost 

the quantity and quality of page mandarin fruit. 
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B�	bM  � 1���'�� ��+H�I �	CY � B���@� W�3T �+> A,e'  -A �?�� �� ���� ��,�, � E�D H�� � ��-A�U�� �	�

���� �����' �D W��e' �� -�! A�
�� ,R6 � �-,A -,�F �J3$ W+, �,�=&� ��Vz' B&' ���V�� 	�  -A ��P� K%� �,�'

) D	! �=D,A ���� BD,A�! �, E
F �����' �D K+,HI,Khalil & Aly, 2013; Ghanbarpour et al., 2019 .(  

K����  @+H�) B�6	eI �� B�, �A,A �	�� W���� �	�  �	��� �6�#� �-,�+A "	�&=�, -A �V�� �
3Q �,�'  -A @P� �,

���� �, �L�! -A BD,A�! �, E
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����  �	�c�' �#� @+H�) B�6	eI ��	
��� �A-�L  A�O �	��-�=�>	�131 ���� �, �'>	! Y-A  B�, �A�! @6	� �	�

)Cronjé et al., 2014��,�, `�'�' W+, �! .( @+H�) B�6	eI ng� ���� �-,�+A "	�&=�, {CO -A �V�� �	�  -A �6�#� �	�

�� ��+	��) �	�-	��' ��Vz' B&' H�� � 1��e� k+,�D �,�'�
3Q   �, E
F �����' i�M�� ��-�! �,�! �A�!-	� �,

 .D	! �	
��� ���� BD,A�!  

���D �I�e� �-��M  BD,A�! �, E
F �����' �D K�	� �,�! -��� �	
��� �	�33��6�' �! �A�!-	� � �V�� �,

 �?�-	� 3�	� ��	�O "	F-, -A ����’*��‘ 1	� ���#F, k+,�D -A �� -	! K�	� � ��L, �	�(  K+,HI, �-	P! �	�

K�! �'h	3=Q, �$�M�� �B�, �=D,A �  ��?+A f�] �, .B�, �+R�	��! �) E�6A  �� 3�	� �D- k�&� $	��	� k+,�D

`�	3� �+RS' �Y	3$ W�! A�Q�� B
�� �A�
� 1�#� ��+H�I "	�&=�, A	_+, -A ��#� �J3$ 3T 	+ Z+ A�
�� � �,  �	�

�� B��� ' �D K+,HI, `Q�� �,�'�+RS' ��	��! Z+ �, �A	C=�, �D	! BD,A�! �, E
F �����  �! �3=
� `�	3� �,

�-�A -A �DA	_+, �	�A�
�� l+�� lI- � 1A	e=� �+RS'  ��,�&! �	�����D- ���� 1�#&� �, �A	C=�, 	! 	�  ���! �D	�
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�� �-	�L �,�'  	O K+	��) �N	�, W+, �! .�A K�	� �A	+� O 	' ,- ��	�	�!	� W+, ,�Q, 1	� �A -A �MD  �,�V, 	'

1�#&� �, �D	� `���' 	! *�� @F- �?�-	� �	=L-A u	' �D	�  ��e� �A	� �� �, �C#=b� �	��,�=�� @��	=� ��,�=�� @��#�  �

Z+-�! ��, �#� B�6	eI ��G�6�+H�I ��	�	�!	� W+, �D �!  � ���� BI	! �	�-�=�>	�@� W�3T  1�J&� B�C�� � B��� �!

� .A��� -,�F �!	+�-,A-�  

  

2 ..�� � #��� �   

1	� -A K���� W+,  �	�1397  �1398 �! �-�Y 1	� -�=�	I �A E�	D �	�� -A `��� �+H_'  � K+	��) "	_�, �	�

1�#&� a#=b� �	�-	��' c�#! �-	�) d�] `6	F -A �+,R  �Y	3$ �D	�  �	=L-A ��- -,��' �� 	! �IA	J' E�	� �	�25 

F- �?�-	� �6	� *�� @])[Citrus clementina × (C. reticulata cv. Dancy × C. paradisi cv. Duncan  �����

) �#���=�� �+	� ��-Poncirus trifoliata × C. paradisi cv. Duncan � BD,A�! �, E
F �����' K�	� f� 	! (

�+RS' �	�-	��' 	! @F- W+, ��	�-	
�, � �A��#�$ �	CY A�
P! �D "	_�, �,  ������� K���� �,�Q, E&� .B�,

���� � �	
��� ���� �	� ) ���,- �	=��PD �������36  � �Q-A52 x�$ �%�FA �6	�D  �50 �Q-A  �40 1�] �%�FA 

 ���#F, k+,�D 	! (�F�D���� ������� - ��>	� �,���S' .B�, �A�!
�� B!�]�  �	�� W+, -A �-,�O �Q-A ��! `�'�'  -A

 �A�&�55  	'100  Y-A �+ 	' Z36  �Q-A�=�	� A,��  A�O ��	�6	� (-	! � �A�! �	��� -A1200 ��#�  �=�� B�, �

 Kb!�$ �! w�!�� �) ��PD+-��	� A-, 	'+B�P
 �	� A � B�, -��	 	�� ' �A,A�L�A,A�� � �� b
'� �K�! �' ��-	! �,� 

 �A�!.B�,  

a+A- -A ��+	��) �	=L-A  �#Y	I 	! �!�3Q �6	�D �	�8×4  B�eM� �X� �, �?�� � �D �=D	� �=�����D- � �

a#$ � �	I) 	! ��-	
� � �+RS'  ��-	�!) �N��) ��	
 	! �	�#�$ �,�Q,  -A ��AA�� .3=D,A ��	��+ k+,�D (��� �	�

3C�, �L,�,�	� 1	T E�D �! :D �=I�� �X�-A �+� �+A	%� BL-A �� �,�! � D "	_�, A�� 

�	C6��  @����)500  }"�� �-�,500 �	C6�� �"��  @��	=�400 �	C�I���� �"��  EU+�'400 �	C6�� � "��  @+H�3�100 ."��  

a#$ 1�=3� r	! ��� �	��! �-�Y  �#O�� W+3T �] ����	���! �-�Y a#$ k��' ��+H�I  .D "	_�, �-�'�� ��

 �-	�!)�! �-�Y ��gFB�P
+A-, k�,�, �, �-	�I B&' �, �	�  �	��P� k�,�, 	'�!N	�,  -A ��+	��) �	egF �-	�!) ��	��!

���� � �	
��� �������  �	����� �	� -A ���	��! W+, -A �� BI�� �-�Y ������� @� �	� Z+ �=C� �� �� �(-	!  -	!

A,A�L �,=!, �, �B�, ��~ �! "�> A-�� W+, -A .D "	_�, �-	�!)�	� A,A�� �	+	� 	'�	�  (-	! A�Q� "$ �! �Q�' 	!

E!	F '�Q�  �,H�� �! �-	�!) -	! Z+ �=C� �� �� ��%g3� -A100 	��) i��D �, E
F .A	C=�, BL-A �� �,�! h) �=�6+ � K

�	�-	��' 1	�$, �, K�� 	L ����� ��A��c  ��$ �A �,30 -0  �60-30 =�	�� L�! � BD,A�! ��=�� � �,+���  �	�

H�I+�� 	���D ��+  1�Q) D W��e' �)1 .(  

  

 ;��H1�<��� . .@7��2 ��H 0	JK �� L	M ��	���� �	7  

) c	L ��$cm(   WD)%(  ) N-%(   B#��)%(  c	L K3�,�  ) ��+�=�6, B+,�dS m-2(   �6) W!��)%(   �G��=��)%(  

0 -30  34  7/24  3/41  53/6  147/0  75/1  22/0  

30-60  7/23  9/28  4/47  17/7  204/0  17/1  16/0  

  ) �C�Ippm(  ) @��	=�ppm(  ) -�!ppm(  ) v�ppm(  ) H3?3�ppm(  ) W�)ppm(    

0 -30  7/9  8/123  09/0  16/2  44/6  5/23    

30-60  82/9  5/113  11/0  05/2  47/6  2/24    
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BD,AA	+ � �%g3� ��	3D,�� (-,H� ��P' �A,A �-,A�! 1	� -A �%g3� ��	3D,�� �	�  �, �?+A ��+ "�A � 1�, �	�

 1�Q -A �) *+	=� �YsL �� B�, �A�! �G��� W+, �+,�Q, EO,��)2(  .B�, ��)  

  

 ;��H2;	9 �� @�	�0K ��H �"O8� ����C P��� . .Q�� � ;� �	7  

���#F, E�	$  W+A-��I  B�P
+A-,  A,A�L  ��'  A,A��  -�+�PD  �P�  �	!)  -~)  �A  W�P!  3C�,  

) 1�, 1	�1397(  

) (-	!mm(  2/36  3/27  0/62  1/32  8/61  4/126  3/516  5/131  8/218  7/75  9/166  4/72  

) ��,��- �	�AC˚( 0/13  0/18  7/22  3/28  7/27  8/25  0/21  4/16  1/13  2/10  0/9  9/9  

(%) �
�� B!�]-  83  82  79  76  79  78  82  82  86  80  86  82  

) "�A 1	�1398(  

) (-	!mm(  7/209  5/34  6/50  4/193  7/36  6/180  7/235  2/196  8/241  3/63  6/75  7/98  

) ��,��- �	�AC˚( 4/12  8/17  6/24  8/26  6/26  9/23  2/21  6/15  4/11  6/10  9/8  0/10  

(%) �
�� B!�]-  91  82  74  77  75  81  84  82  83  83  76  86  

  

1�#&� �+RS' �	�-	��' ���! �D	�  k��' �-A�Q (H+- �	+	� -A �,�,�=�� @��	=� )3KNO (0/1  �Y-A�,�=�� @��#� 

]2)3Ca(NO[ 0/1  � Y-AZ+-�! ��, )3BO3H (5/0  �	D �	=L-A �, ���� �A 	! 	�-	��' W+, .D "	_�, Y-A

A-����+	%� ��� �� �A�! ��	=L-A E�	D �	D �	=L-A 1�, ���� .BI�� -,�F 1�#&� ���� �) ��- �D	�  �-�Y 	�

 �� BI�?��! �-�Y  �	D1  pb��Dh) k%I �� A�! ��	=L-A E�	D �	D �	=L-A "�A ���� .  � �A�!  �D �D	�

�! �-�Y  �	D2 ���� �gF ��,�, .�D pb��  	�-	��' 1	�$, �	�� -A 	��=�	� �A A�O  �� �K+	��) W+, -A .A�! �=�

 E�	D -	��'��  E�	D -,��' �� � -,��'��  i��_� -A �� A�! (��+	��) O,�) BL-A45  .BI�� -,�F �!	+�-,A-�� BL-A  

���� �BD,A�! �	�� -A BD,A�! ��� �?�-	� �	� ) �D10  pL	D .3=I�� -,�F �!	+�-,A-�� � (BL-A �� �, ����� A$

A�! BD,N	�,�! ) ��, �! 3F B
��TSS/TA W��e' �-	J$ (D A�O �! B
�� W+, �� ��	�� �� �-�Y W+! �7 

���� ���- ��,�, �	CY .�D BD,A�! 	� ���� ���� Y-A E�	D �D c�' �	�  ����� ��� �BL-A A��#�$ ��A-�L

��, �E� 1�#&� �	Q A,�� �,�=&� ��-	J$ Y-A ��	?#� B��� B�	bM 1�#&� �	Q A,�� B
�� � ����,�=�' E!	F �=+

 K���� W+, -A .A�! (r�#! pL	D) ����,�=�' E!	F �=+��, �! E�@� W�3T �#� @+H�) B�6	eI �! 	�-	��' �V,  �	��-�=�>	�

.D ��-�! �����' u�, �	�� -A ���� BI	! -A �M	O  

�! ���� B��� �	?#� ��O	� -A �6�#� @�,�' W��e' -�X3� 	� �, ������' �	 ) �, E
F �	� Z+ �	�� -A ���+	��) �	=L-A �

 A,e' BL-A ��20 �! ����  1�) �-�� ��������� �, �A	C=�, 	! � D ��T �IA	J' �-�YNikon"> � (W�,G �  u-� �	�

1�#� A,e' (-	�D �! B
�� �#�� Z+ ng� -A A�Q�� �	�  f	� �gF W��e' .D ",F, B��� �, l!���=�����  �#O�� �	+	� -A 	�

��- �	 )) D- "�A ����� � 1	=�_+A v�6�� �, �A	C=�, 	! (���� W=I�� ���� �, h�b���  ����  "	_�, ��+	��) �	=L-A �	�

��,�, �,�! .BI��  K+	� ������' �	 ) �, E
F �	� Z+ �, K�! A�O �3e+ �	���' ���� �, �BD,A�! �, E
F �����' �D ����

���� � �	�#�$ �1�J&� BD,A�! �	�� 	' �����' i��D �	�� �, .A�D "�#e� ��	�	�!	� W+, i��D ��FA �	�� 	' D �	 ) 	

���� fRO � (-	�D ��,��- c�' �	�  �, A,e' �T �BL-A �� -A �� D "�#e� �`�'�' W+, �! .D "	_�, BL-A �� �,�! �A-�L

���� c�' -	TA 	� �D ��A-�L �#e� �,�! .�," ���� E� �, Y-A 3T �� `#g� W+, �D  c�' BL-A �� -A �D E���' �	�

�A-�L ���� i��_� ��, c�' �	� ���� A,e' 	! D- EJI 1�] -A BL-A �� �A-�L ��T �	�  �	�� -A BL-A �	�� �, �D

���� E� A,e' 	' D l�Q BD,A�! E���' �	� O�� -A .A�D "�#e� -	P! �,=!, -A BL-A �D���� A,e' �e! �# c�' �	� L� �A-
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���� E� A,e' �! BL-A ��  A$ -A EY	O � @��%' -	P! �,=!, -A �) ��6�' �	�100  Y-A �`�'�' W+, �! � D h�M

 .D W��e' ��+	��) O,� �� �,�! �����'  

���� �	?#� ��O	� B��� B�	bM BD,A�! �	�  1�) 1	=�_+A v�6�� k��' BL-A �� u	' f�] -	PT �, �D

Guanglu BFA 	! (�,�+	' �01/0 �#�� ��,�, �=� ���� W+��' k��' H�� BL-A �� A��#�$ .D ���� BD,A�! �	�  �D

�! ��,�, 1���	! �#���  ����D���� �, Z+ �� �-	J$ ��� k��=� � E� ��� k��=� . ���,�' �, �A	C=�, 	! 	�  1	=�_+A

 1�)Sartorius, GM-6101 BFA 	! (�	�6) �01/0  .BI�� -,�F �!	+�-,A-�� "��  

 A,�� Y-A1�#&� �	Q  1�) ���T �=��=�,�I- �	?=�A k��' �-	J$Atago-ATC-20 E��,�, (W�,G �  .D ����

�, BX# � E!	F �	� '��,�=��� =!, (�- W+, -A .D "	_�, ����,�=�' (�- 	! �-	J$�-	J$ ,���� ����  �	?=�A 	! 	�

h) ���� �#�� *3� -,%� � D "	_�, ���� 	! �-	J$ �=�625 �#��E3I f�e� ��gF �A � �g%� h) �=�6  .D w�#b� W�26	=I

 1�) 1	=�_+A �-�! k��' ����,�=�' E�$ �e! �#O�� -ABRAND @+� ����-�� 1�#&� � (�	�6) �1/0  	! 1	���

��  q,2/8  	' WD�- �'-�Y ��- -�Pt �=�' �I�J� A�� @_O �����,�=�' E!	F �=+��, �
�	&� �,�! .D`�O�!  ��,

Z+�=��) `6	  ��,) D �A	C=�, (Shiri et al., 2011.(  

�#� B�6	eI W��e' �,�! ����� ��	��-�=�>	� ���� �����' u�, �	�� -A ����  .BI�� �-�Y (�	�-�+�PD "�� �=C�) 	�

��,�, a�] ���D 	! @+H�) W+, B�6	eI ���� �! � �-�� �_3�  1�) �=��=I��=�U�, �	?=�A Z��UV-1800 Shimadzu, �

@� � �	=�, � �,-�! �I	! �A �, �A	C=�, 	! (W�,G �#&� W�3T �A A-,�	=�, �	�  u�� 1�] -A ��, Z���-�=�>	�275  �=���	�

! �Q�' 	! @+H�) -,%� �B+	P� -A .BI�� "	_�, �g!,- �Activity = q / (t × c × F)  W+, -A .D W��e' A-,�	=�, �3&3� *+	=� �

 �g!,-q �#�� �! "�������) ��, Z���-�=�>	� B���  }(�=�6t  }(�%�FA) �	��c  � (�=�6 �! "��) ��+H�) 1�#&� BX# F  E�	$

 B!	V A$ 	! �!,�! �� B�, @_O n�&J'2 ) B�, �D �=I�� �X�-AZhang et al., 1999.(  

 �M	O K+	��)�! �-�Y 1	� -�=�	I �A E�	D �	�� -A `��� �+H_'  a#=b� �	�-	��' � K+	��) "	_�, �	�

1�#&�  ,�Q, -,��' �� 	! �IA	J' E�	� c�#! d�] `6	F -A �� A�! �+,R  �Y	3$ �D	�D 	! K+	��) �-	�) H�6	�) .

"�� �, �A	C=�,  -,HI,SAS )Version 9.1 2002–2003, SAS Institute, Cary, NC W�?�	�� ��+	%� .BI�� �-�Y (

�A,A  1	�=O, ng� -A ���' ����) W��,�F ����) �, �A	C=�, 	! H�� 	�5  H�6	�) �, E
F �� B�, ��~ �! "�> .D "	_�, Y-A

�A,A ��-	�) 1	��� �	&6 �, 	� .3=I�� -,�F ��-�!A-�� �A�! �3e� �! �Q�' 	!  1	� �V, �D-,A��,�, �	CY �! ����  -A ��D

W�?�	�� ��+	%� (�! 	� ) ��ASlicing (N	�,�!  .D "	_�, 1	�  

  

3 .����0�� � (  

3 .11��� ����	� .  

N	�,�!  1�Q)4( 1�#&� � 1	� �A	� �,�V, �� D pb��  � ���! �D	�@� W�3T �) E!	%=� �,�V,  ng� -A 	�

c�' ��	�	�!	� �! Y-A Z+ 1	�=O, �3e� �V, ���� ��A-�L  BD,A�! �, E
F �����' Y-A W�?�	�� ��+	%� .BD,A �-,A

���� ) 1�, 1	� -A 	�1397 �� A,A �	�� (K�! �' � W+@� �' �����' �D W+�! `�'�' ) �	D �	=L-A �! w�!��24/16 

 �12/16 A � (Y-A1�#&� �	=L- �D	�  	! �D�,�=�� @��	=�  � Y-A Z+�,�=�� @��#�  1�Q) A�! Y-A Z+5 W+, -A .(

 -	��' �	��Z+-�! ��, �3e� fs=L, ���� �3+, 	! Y-A @�� ) K+	��) "�A 1	� -A .A,� �	�� ,- �-,A1398 H�� (

 �	�-	��' �� D pb���,�=�� @��	=�  �Y-A Z+�,�=�� @��#�  � Y-A Z+Z+-�! ��,  	! ��+	%� -A Y-A @��

 �����' Y-A �, �	D �	�-	��'@� �'.�A�! -,A-�L�! �  
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@� W=?3D,� @F- 1	%'�� 	! ��?+A K���� -A ��M	O ��-�! *+	=� 	! 	=�,- 1�#&� �� D "�#e� 1�	�  Z+ -A u	' �D	�

B�P
+A-, �L,�,) B!�� �	� �L,�,) B!�� �A 	+ � (B�P
+A-, �	� A,A�L �L,�, ��	� �, �
���' 	! ( @��	=�)300  �600 

�#�� ) @��#� �(�=�6 -A "��100  �200 �#�� ) @+H�3� � (�=�6 -A "��20  �40 �#��  �D K�	� `Q�� (�=�6 -A "��

h)) �	D 	! ��+	%� -A �����' ) B�, �D (u	' �D	�El-Tanany et al., 2011.(  

  

 ;��H4. � ��RS+;���� �	7�	��+ #�: T*	��  	� �<�� ��	2#�5�* >�9	52 0/1  =�V��#�5�* >�?�� 0/1  � �V������� ��9 

5/0 �/*�	* &��� #	XV �M�� �� �V��ʼD�2ʻ ;	9 ��  �	71397  �1398.   

  �����' �D  PG  A��#�$  ���� ���  B��� B�	bM  �-	J$ �,�=&�  

(1	� EL,A) -,��'  0056/0 ** 92/3  ns 567/0 ** 78/0 ** 03/0 ** 081/0 ** 

1	�  87/128 ** 55/14  ns 06/25524 ** 011/29 ** 36/1 ** 19/68 ** 

-	��'  92/13 ** 01/15  ns 99/865 ** 77/50 ** 69/0 ** 41/69 ** 

 1	�× -	��'  823/0 ** 93/10  ns 265/18 ** 55/12 ** 286/0 ** 28/8 ** 

��+	��) �	gL  000009/0  74/19  007/0  008/0  0006/0  001/0  

�,���S' `+�M  74/5  06/3 34/9  05/6  97/5  70/8  

 � **ns: �� Z�+�+ �	4* &�87� �8 � ��� �� [O9 ;	�5\ 1 �V�� � Q�� ]$5M �8 � ��� �� ��	�. 

  

 ��� ;��H4. ;���� �	7�	��+ #�: T*	��� ��RS+  	� �<�� ��	2#�5�* >�9	52 0/1  =�V��#�5�* >�?�� 0/1  � �V��

����� ��9 5/0 �/*�	* &��� #	XV �M�� �� �V��ʼD�2ʻ ;	9 ��  �	71397  �1398.   

  TSS  TA  TSS/TA   �	?#� �6�#� @�,�'  f	� �gF  

(1	� EL,A) -,��'  0087/0  00004/0 ** 016/0 ** 01/0  ns 2/0  ns 

1	�  95/3  0003/0 ** 17/0 ** 69/0  ns 08/2  ns 

-	��'  024/0  001/0 ** 15/0 ** 0006/0  ns 07/0  ns 

 1	�× -	��'  057/0  0006/0 ** 014/0 ** 004/0  ns 13/0  ns 

��+	��) �	gL  00001/0  000006/0  00005/0  12/0  53/1  

�,���S' `+�M  08/11  58/10  17/12  07/5 48/8 

 � **ns: �� Z�+�+ �	4* &�87� �8 � ��� �� [O9 ;	�5\ 1 �V�� � Q�� ]$5M �8 � ��� �� ��	�. 

  

 ;��H5;���� �	7�	��+ #�: ^�/*	�� �?�	"� .  	� �<�� ��	2#�5�* >�9	52 0/1  =�V��#�5�* >�?�� 0/1  � �V������� ��9 

5/0 �/*�	* &��� #	XV �M�� �� �V��ʼD�2ʻ ;	9 ��  �	71397  �1398 .  

1	�  -	��'  ) �����' �D%(  PG 
(U mg-1) A��#�$ )kg tree-1(  ���� ��� )g(  ) B��� B�	bMmm(  

   �	D1  24/16 a 66/121 a 73/130 c 45/126 c 33/2 c 

1397   �	D2  12/16 a 18/122 a 65/136 c 09/126 c 35/2 c 

  �,�=�� @��	=�  20/14 b 75/121 a 03/160 a 47/129 a 24/3 a 

  �,�=�� @��#�  37/14 b 96/121 a 76/144 b 57/127 b 18/3 a 

  Z+-�! ��,  49/15 ab 12/120 a 63/145 b 89/127 b 69/2 b 

1398   �	D1  39/12 a 93/118 a 73/98 d 38/110 b 46/2 b 

   �	D2  35/12 a 36/119 a 42/97 d 70/122 b 40/2 b 

  �,�=�� @��	=�  27/11 b 05/119 a 96/119 a 06/130 a 38/3 a 

  �,�=�� @��#�  31/11 b 83/118 a 05/106 c 52/128 a 48/2 b 

  Z+-�! ��,  41/11 b 25/119 a 72/110 b 56/129 a 50/2 b 

^�/*	�� =;	9 �7 ��� � -XV �7 ���  ;	�5\ [O9 �� ��	�K _	�� 0 =��	4� ]��\ ��� �	75 �8 � ]$5M �/���� 	� =���+ ���0K �V�� .�*��* ���  
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 ��� ;��H5;���� �	7�	��+ #�: ^�/*	�� �?�	"� .  	� �<�� ��	2#�5�* >�9	52 0/1  =�V��#�5�* >�?�� 0/1  � �V��

����� ��9 5/0 �/*�	* &��� #	XV �M�� �� �V��ʼD�2ʻ ;	9 ��  �	71397  �1398 .  

1	�  -	��'  ) �-	J$ �,�=&�%(  TSS (°Brix)  TA (%)  TSS/TA   �	?#� �6�#� @�,�'  f	� �gF  

   �	D1  66/34 b 57/12 a 64/0 a 64/19 a 14831a 02/4 a 

1397   �	D2  83/35 b 54/12 a 63/0 a 90/19 a 15192a 85/3 a 

  �,�=�� @��	=�  91/39 a 63/12 a 63/0 a 04/20 a 15012a 73/3 a 

  �,�=�� @��#�  84/39 a 50/12 a 64/0 a 53/19 a 14732a 98/3 a 

  Z+-�! ��,  44/38 a 47/12 a 63/0 a 80/19 a 14892a 67/3 a 

1398   �	D1  48/36 b 19/13 b 65/0 c 29/20 a 13988a 88/3 a 

   �	D2  64/34 b 22/13 b 65/0 c 34/20 a 13914a 67/3 a 

  �,�=�� @��	=�  86/45 a 49/13 a 70/0 a 27/19 b 14111a 01/4 a 

  �,�=�� @��#�  30/43 a 21/13 b 66/0 bc 02/20 a 14103a 92/3 a 

  Z+-�! ��,  97/35 b 43/13 a 68/0 ab 75/19 ab 13982a 76/3 a 

^�/*	�� =;	9 �7 ��� � -XV �7 ���  0 =��	4� ]��\ ��� �	7 ;	�5\ [O9 �� ��	�K _	��5 �8 � ]$5M �/���� 	� =���+ ���0K �V�� .�*��* ���  

  

K���� *+	=�  �	�Abd El-Rahman et al. )2012 -	��' ��Vz' �� B�, �A�� B!	V H�� (�,�=�� @��	=�  Y-A Z+

���� �����' K�	� -A W=?3D,� 1	%'�� �	� ���� �� ��	�� -A 1�	� �=�	� �A �
+�%' �gF �! 	�  �, �=P! 3D	! ���- �=�

"	�' �#O�� -A -	��' W+, �� B�, �=6	O  B�-A �	�� � �D B+	$- H�� �M	O K���� -A �	�� W+, .D	! �D 1	�$, E�

�+RS' �	�-	��' �,�Q, �� �, ,�'�! B
�� *+	=� -A �A�O 	' � B�A c�' 1�=3� -A ��) ���� ��A-�L .D	! �V�� 	�  

B
�� E�6A  �	�-	��' ��Vz' �A�!�,�=�� @��	=�  �Y-A Z+�,�=�� @��#�  � Y-A Z+Z+-�! ��,  -A Y-A @��

�� �D �A,A �	�� �M	O K���� -A �� ,- �����' K�	�  W+, �� B��,A �) �, �D	� �,�' EY	O �G�6�+H�I ��	�	�!	�

h) �#O�� -A �� B�, �-	�I ���� D- "�A �#O��) ����  ,R6 � �D A-,� �) B��� �! BD�� f�] �, (	����+� �	� 

 � ��+H�I@� W�3T ���� B��� ����	�� "	�&=�, �Q-A  -�! � @��	=� �@��#� E�	D ��#� �Y	3$ BX#  �, �Vz=� �� 	�

�P� K%� �) ���! -A �D	!) A-,A �El-Tanany et al., 2011; Li & Jiezhong, 2017 B
�� �V, �`�'�' W+, �! .(

�� Y-A Z+ @��	=� -	��' K���� *+	=� -A �� ���) 	! �!	g� �,�' "	_�, �	� W=?3D,� "	F-, 	! �D ) 1�	�Abd El-

Rahman et al., 2012) 	��36,� � (Cronjé et al., 2014%� �, �D	� �B�, ��) ( �e��' � D- Z+�&' -A @��	=� K

1�#� ���� B��� B�	bM K+,HI, � ���� B��� �	� (-,H� W+, ��-�! �, .D	! 	� �� "�#e� 	�  �#���' �+RS' �� A�D

Z�� 	! �	
��� �	=L-A �I	M, B6	O �A �� -A ����	=� �	� 1�#&� 	+ c	L �! �A��  �,�=&� K+,HI, W�M u	' �D	�

y�! ����	=� ' `Q�� 	����� E��� @�bM B��� 	! �+	�   .B�, �A,A K�	� ,- �����' �D � �D �'  

 -	��' B
�� �V, n�M�' -A�,�=�� @��#� �� �����' K�	� -A Y-A Z+  � E���' -A �J3$ W+, K%� �! �,�'

"	�&=�, @�X3' �V, ����� B��� BI	! �6�#� �-,�+A ��b!@+H�) B�6	eI �! �) ��33� �+H_' �	� 33��-,�+A �  �6�#� �	�

 �@� W�3T  �6�' �! m$	! �� �6�� �-,�+A W�=�� 	! �) ���� �!���#�@+H�) �!,�! -A "�	%� �	� �+H_' �	�  � W�=�� �33�

�� BD�� D- �, EY	O �#L,A �	�-	�I �!,�! -A B��� E�&' K+,HI, �B+	P� -A ) A�� �-	D, A�DEl-Tanany et al., 

2011; Cronjé et al., 2014; Li & Jiezhong, 2017(-,H� .( �� �	�� A�Q�� �	�  A�
�� k+,�D -A �� 3�A

c�' �@��#� ��+ B�� � �D A	_+, �6�#� �-,�+A -A �',�CO � 	� �� �	C', 1�#� �, ����! �! ���� �	�  @��#� .=I,

@� W�3T � W��� � �A�� Z�� -�! � ��- �W�) �H3?3� ��C�I 3�	� ��Y	3$ hRQ �!�� i�M�  K�	� `
� �,�'

) A�D �����' �#�Q �, �G�6�+H�I x-,�$El-Tanany et al., 2011�+	_�)�, .(  �, � �D- w	%� �! @��#� 1	%=�, ��
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���� �#�Q y�! �! �B�, �	�� ��e' � ��b
' �, �Vz=� � �2g! -	��! 	�  �J3$ W+, �D	��! �,�3$ �,- -	� �,�! `�	3� �


�� �,�V, �! �!	�=�A) B�, �D �-	D, �����' �D K�	� -A @��#� BCronjé et al., 2014��-�! .(  �	�

"	_�, 1�#&� -	��' �� B�, �A,A �	�� -	�, 1�J&� 	! �D  -A ���� BI	! �=C� K+,HI, `Q�� @��#�+�#� ���! �D	�

���� ) B�, �D �	D 	! ��+	%� -A �-	
�, �	�Ramezanian et al., 2010 N	�,�! .(K���� *+	=� �! �	� B�A  Kb! ���)

 �S�' � �6�#� �-,�+A �,HQ, 	! @��#� W�! ���� �-,�F�! � �D H���=� ��	�� �S�' -A ���� BI	! ��-A �! �=I	+~�C� @��#� @X$,

�� ��	�� ���� -A �'>	! �-	
�, ��$ � ���� BI	! �=C� K+,HI, �,�! ��V�� -	���	� �,�' �#&� 	! �D-	��' �	�1  ����#� �	�

�3e� E!	%=� w	
'-, ��?+A ��� �, .D	! W�=�� W�! �-,A ��+ � �6�#� �-,�+A �	� ��+ .B�, �D a�� ����#� �	�  �	�

�� @��#� W�=�� 	! �� ����� 	! 3�,�' �� A	_+, �6�#� �-,�+A �	�  .��D �6�#� �-,�+A �-	=L	� "	�&=�, K+,HI, m$	! 33�

 -	��' `�'�' W+, �!K�! ,- ���� BI	! �=C� �@��#� �� �' ) 3�Ramezanian et al., 2010.(   

�� A�Q�� l!	3� ��-�! �, �3e� �V, �,�' 1�#&� -,A  �D	�Z+-�! ��, ���� �����' �D K�	� -A ,- Y-A @��  	�

�=L	� -A -�! �J3$ K%� �, EY	O 1�#� �-,�+A �D E���' �,HQ, 	! ���� �-,�F�! ����� �	�  �� �-,�+A W+, �3�A

�� �) �?T-	U�+ {CO m$	!  � A�D@� W�3T f	ge�, �A�!>	! ���� B��� ��+R� ) B��,A 	�Li & Jiezhong, 2017 .(

K���� �A,A �	�� W���� �	� W��� -A �	
��� BD,A�! �, E
F �����' �T��, �� �,  B�>	! �-,A -�! A�
�� �� �+	�

)Li & Jiezhong, 2017(�  	�, 	P3' � �=D,� �	
��� �����' K�	� �! �A	+� ��Vz' �J3$ W+, ��	L �M�$

1�#&� E� �	�� -A �J3$ W+, ��	O �	
���' �D	� c�' K�	� �! �V�� ��%� ���� ��� E+,�, � ��A  �=D,A ��A-�L

�! ��I *+	=� .B�, ��� B��� `�	3� B�	bM W��z' � ��+H�I "	�&=�, ���> �� i�M�� W+, 	! �!�L�   -��O �	
���

�3�P! BX#  ��+- D- k�&� -A -�! � @��#� �@��	=� E�	D ��#� �Y	3$ �, �, B�	��  .A-,A �	
g�,  

W�?�	�� ��+	%�  �!,�! 1�, 1	� -A ��+	��) �	=L-A �����' �D �� A,A �	�� �6	� �A �	�29/15  � �A�! Y-A

�3e� ��	C' ) "�A 1	� �! ,- �-,A76/11 A �	�� (Y-A�! i�M�� W+, .B�, �A,  	! �!�LK�! �' k��=� A��#�$ �A�!

 � "�A 1	� �! B
�� 1�, 1	� -A �	=L-A@� W�3T ���� �! �DA-,� �=!�]- K3' �A�!�'+D  E+,�, � -	P! �L,�, -A 	�

 1�Q) �	=�!	'2 ��A-	! ��?+A �-	
$ �! .B�, n�M�' E!	F (K�! �'  m$	! 1�, 1	� -A �	=L-A�D @P� 	'  �, Z+ ��

����  	��! �,�3$  �	
���' W+, �, BL-A �'	�O A,�� f�J� H�,��@� �' �! B��� �e��' � D- � �D  "�A 1	� �!�L

(-	! +D K�	� ��?+A f�] �, .A��?� "	_�, �D � �	=�!	' �L,�, -A 	� Z+ W=I�� (-	! �-	!  ���L K3' �, e! 	�

?+A E�	$ 1�, 1	� -A �	=L-A �! �DA-,� K+,HI, �,�! ��K�! �' c�' �D ���� ��A-�L  	! ��+	%� -A 1�, 1	� -A 	�

.A�! "�A 1	�  

  

3 .2�� ��2�3 "�4�56 . $�������7��  

���  � �A	� �,�V, �, ",�@� W�3T 1�#&� � 1	� E!	%=� �,�V, �#� @+H�) B�6	eI �,H�� �! ���! �D	�  -A �	��-�=�>	�

���� �����' u�, �	�� -A ���� BI	! �3e� 	� ) A�
� -,A1�Q �	� 4  �5 BD,A�! �, E
F �����' �� B�, �D B!	V .(

 �	
��� ����3+,�I���+� �! �=�!,� � AH� �g!,- ,R6 � �A�! ���� ���� �	� �e�
] ��?6, W�! ��+����D- 1�#�  �	�

�) �����' ���! 1	�=O, � ���� ) A-,A A�Q� 	�Cronjé et al., 2014�! .( c�' ��?+A �-	
$  �T��, �	
��� ���� �A-�L

W��e' E�,�$ ��Vz' B&' �� 	�, �A-,A -,�F ���� B��� BI	! "	�&=�, � �6�#� -	=L	� �33�  B�6	eI �, �Vz=� �,�'

+H�)@ �#� 3�	� �+	� ) D	! H�� �-,A K%� �6�#� �-,�+A �+H_' -A �� �	��-�=�>	�Li & Jiezhong, 2017�=I	+ .(  �	�

�! �M	O K���� �+H_' �� @+H�) W+, B�6	eI �D �� A,A �	�� �!�L  K+,HI, � �D h��&� �6�#� �-,�+A �33�
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�� �) B�6	eI �3��� �,�' BD,A�! �, E
F �����' �	�  �	�-	��' ��Vz' B&' �D	!�,�=�� @��	=�  �Y-A Z+�,�=�� @��#� 

 � Y-A Z+Z+-�! ��, �! .B�, �=I�?� -,�F Y-A @�� �+RS' �	�-	��' �� ��%� ��?+A �-	
$  Y-A K�	� -A �,

���� c�' �	� �=D,A �A-�L �� 	P3' �, �) ��Vz' 	! �,�' C' ���� B��� BI	! "	�&=�, K+,HI, �! 	�.A�D ���  

  

3 .3#	8�9: .  

�?�-	� BL-A A��#�$ʼ*��ʻ �! -�] �3e�  � 1	� E!	%=� �,�V, � �A	� �,�V, ��Vz' B&' Y-A Z+ 1	�=O, ng� -A � -,A

1�#&�  1�Q) BI�� -,�F ���! �D	�4W�?�	�� ��+	%� .( W�+	� �	D �	=L-A A��#�$ �1	� �A �� -A �� A,A �	�� 	�  �'

�! � �A�! W+�+	� �, �3e� K+,HI, m$	! 	�-	��' ��� ��?+A �-	
$  1�Q) �D ��6�' ���� -,%� -,A5 �	�-	��' W�! -A .(

�#&�  �D	��,�=�� @��	=�  1	� �A �� -A Y-A Z+�! `�'�'  	!03/160  �96/119  BL-A �� -A "���#��K�! �' W+

 .A,A o	J=L, A�L �! ,- A��#�$  

�! *+	=� B�A -,%� �X� �, ��) �! K���� W+, �,�Q, 1	� �A �� -A A��#�$ �,�=�� A-�� -A ��+�  	! Y-A Z+ @��	=�

K���� �� � A-,A �!�L -	��! B%!	g� W���� �	� �! �Y	3$ ��#� K%� �,�' �! �=I--	�  A��#�$ K+,HI, -A ,- @��	=� ��+�

"	_�, K���� -A .�A �	�� W=?3D,� @F- 1	%'�� �	=L-A 	! �=I�� � 1�	�1�#&� -	��' ��+,HI, �V, �� D "�#e  ���! �D	�

�,�=��  �, `���' W+, BX#  K+,HI, 	! A��#�$ -A @��	=�2  �!6 K�! Y-A ) B�, �D �'Abd El-Rahman et al., 2012 .(

 H�� �?+A K���� Z+ *+	=� �� A,A �	��1	%'�� �	=L-A -A @+H�3� � @��#� �@��	=� �J3$ �� �, �
���' �	�-	��'  @F-

W=?3D,� �3e� �V, 1�	� ) B�, �=D,A ��6�' 1�J&� K+,HI, �! �-,AEl-Tanany et al., 2011.(  

  

3 .41��� <$� .  

1�#&� � 1	� E!	%=� �,�V, � �A	� �,�V, �� A,A �	�� *+	=�  ���� ��� �! Y-A Z+ 1	�=O, ng� -A ���! �D	�

�3e�  1�Q) A�! -,A4 �	�-	��' .(�,�=�� @��	=�  Z+ �Y-A�,�=�� @��#�  � Y-A Z+Z+-�! ��,  Y-A @���! -�] 

�3e�  �?�-	� ���� ��� B��,�' �-,Aʼ*��ʻ  1�Q) �A K+,HI, �	D -	��' �A 	! ��+	%� -A ,-5���� ��� K+,HI, .(  	�

�� K%� 	! �,�' y�! �J3$ �� �	� �D	� �-,�+A �e��' ��6�#� @��%' -A �D  � �6�#� �	�@� W�3T A �,�=&� K+,HI, -

) A�D �A,A n�M�' ���� BI	! -A A�Q�� �	=��Khalaj et al., 2015 -A �� �=
�� �,�V, 	! @��#� .(3+,�I � @��%' �	�

) A-,A �6�#� D-El-Tanany et al., 2011; Cronjé et al., 2014; Li & Jiezhong, 2017 @��	=� �� ��%� � (

1�#� @��%' � D- -A �� � BD�� �	��� � �A�� ��	! B�  �H��, -	�I @�X3' � �6�#� N	�) {CO �! Z�� 	! �,�'

���� D- B$�� K+,HI, `Q��  � A�D 	�@� W�3T  ��	! �6�#� �	���%' B$�� K+,HI, -A �� ��V, 	! -�! �J3$

�� ) 3�Barker & Pilbeam, 2015�=��,�' ( ���� D- K+,HI, `Q�� �	D �	=L-A 	! ��+	%� -A �,  �6�' � 	�

���� W�?3� �+	�  .��D �'  

  

3 .51��� "��� "��>? .  

 �?�-	� ���� B��� B�	bMʼ*��ʻ �! -�] �3e�  E!	%=� �,�V, � �A	� �,�V, ��Vz' B&' Y-A Z+ 1	�=O, ng� -A � -,A

1�#&� � 1	� BI�� -,�F ���! �D	�  1�Q)4 �	�-	��' 1�, 1	� -A .(�,�=�� @��	=�  �Y-A Z+�,�=�� @��#�  Z+

 � Y-AZ+-�! ��,  ��	�� W+, -A .3�A K+,HI, ,- B��� B�	bM 3=��,�' �	D �	�-	��' 	! ��+	%� -A Y-A @��

 �	�-	��'�,�=�� @��	=�  � Y-A Z+�,�=�� @��#�  Y-A Z+�! `�'�'  	!24/3  �18/3 �#��  �=�K�! �' B�	bM W+
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 -	��' vU� � �A�! �A,A o	J=L, A�L �! 	�-	��' W�! -A ,- B���Z+-�! ��, ) Y-A @��69/2 �#��  BD,A -,�F (�=�

 1�Q)5 -	��' k%I �"�A 1	� -A .(�,�=�� @��	=� �3e� fs=L, 	�-	��' �+	� 	!  B�	bM K+,HI, m$	! � A,A �	�� ,- �-,A

  .A�! �D ���� B���  

 ���� B��� ��+H�I B��	%� � B�	bM �! �V�� ��#� �Y	3$ ���� -A -�! � @��	=� �@��#� ���e� �Y	3$ W�! -A

���� �6�' `Q�� @��	=� BX#  �A�!>	! .�-,A BD,A�! �, E
F �����' B��	�O W��e' -A ��P� �V, � �A�!  	! �+	�

���� �6�' m$	! �) A�
�� � �D f	Y � @�bM B��� 	��� "�� � c�	� B��� 	! �+  �����' 1	�=O, �� A�D

K�! �') BD,A 3�,�L �Barker & Pilbeam, 2015; Li & Jiezhong, 2017"	_�, ��-�! .(  k��' �=I��Li & 

Jiezhon )2017���� D- �+,=!, EO,�� -A �	
��� ����	=� �+RS' �� A,A �	�� ( ���� B��� ��� �! Z�� 	! 	�   `Q��

 K+,HI,���� �����' Y-A � �D B��� ��+H�I "	�&=�, � B�	bM  -A �� B�, �6	O -A W+, .B�, �A,A K�	� ,- 	�

(-,H� �	
��� ���� B��� B�	bM -A -�! ��Vz' A-�� ) A-,A A�Q� ���%� � M �	�Li & Jiezhong, 2017 -A .(

���� B��� -A �6�#� �-,�+A � ��	�� �S�' ��� �@��#� A�
�� k+,�D � K+,HI, �! m$	! � �=D,� �!�#g� B�eM� 	

f	ge�, K�	� � B�	bM �� B��� ��+R� �3��� �� A�D ) A�! �,�L �����' �	�El-Tanany et al., 2011; 

Cronjé et al., 2014 .(  

  

3 .61��A: B����� .  

 1�Q)4( �� �	�� 1�#&� � 1	� E!	%=� �,�V, � �A	� �,�V, �� �A  �,�=&� �! Y-A Z+ 1	�=O, ng� -A ���! �D	�

�3e� �-	J$  �	�-	��' ��	�' 1�, 1	� -A .A�! -,A�,�=�� @��	=�  �Y-A Z+�,�=�� @��#�  � Y-A Z+Z+-�! ��,  @��

 �	�-	��' k%I "�A 1	� -A � Y-A�,�=�� @��	=�  Y-A Z+ ��,�=�� @��#�  �	D �	�-	��' 	! ��+	%� -A Y-A Z+

 1�Q) �D �-	J$ �,�=&� K+,HI, m$	!5�� �	�� W���� �	�-	� ��-�! .( W=?3D,� @F- 1	%'�� -A �� �A  �1�	�

1�#&� 1�#&� �, �
���' 	! u	' �D	� ���� �-	J$ Y-A K+,HI, `Q�� @+H�3� � @��#� �@��	=� ��	O �A�� �	� -A 	� 

) A�! �D �	D 	! ��+	%�El-Tanany et al., 2011 k��' �� �D-,H� .(Yfran et al. )2017 )�� @F- �?�-	� 	! (

y�! �� A,A �	�� D "	_�, E� �, E
F �	�� �� -A @+H�3� � @��#� �@��	=� ��J3$ �� 	! �	=L-A W+, �D	�  "	?3� ���A

 (H+-90 y�
#� Y-A  � 	�40 A �+-	' �, e! ��-�3e� K+,HI, `Q�� "� ���� �-	J$ �,�=&� -,A  �	D 	! ��+	%� -A 	�

  .A-,A B%!	g� �M	O ��-�! *+	=� 	! �� D  

  

3 .7) %� ����� ���E #��� .TSS( 1
  

 �,H��TSS  �?�-	� ����ʼ*��ʻ �! -�] �3e�  1	� E!	%=� �,�V, � �A	� �,�V, ��Vz' B&' Y-A Z+ 1	�=O, ng� -A � -,A

1�#&� � 	� 1�Q) BI�� -,�F �D4W�?�	�� ��+	%� .(  1�, 1	� -A �� B�, �) �, ��	O 	���,H� TSS � �,�! ���

 �	�-	��'�,�=�� @��	=�  �Y-A Z+�,�=�� @��#�  � Y-A Z+Z+-�! ��, 1�#&� � A�! �	��+ Y-A @��  �Y	3$ 	! �D	�

�3e� ���S' `Q�� B��,�=� ��e�  1�Q) A�D �	D �	=L-A �! B
�� �X� W+, �, �-,A5 �	�-	��' k%I "�A 1	� -A .(

�,�=�� @��	=�  � Y-A Z+Z+-�! ��, �3e� �V, Y-A @��  �! �-,A��,H� TSS � -A �) �,H�� K+,HI, m$	! � �=D,A ���

%����� -A .�D 	�-	��' �+	� 	! ��+	  K+,HI, �,���,�I �	�TSS ����  B�, 1�#&� �	�3F �! �=�	�� E+
' �, �D	� 	�

	�, ��� �=�	�� H�6�-�� ��	
��� A-�� -A  K+,HI, E�6A �,�'TSS �-,�+A �+H_' ��#! �D	! �-	J$  �-�A -A �6�#� �	�

                                                                                                                                                            
1. Total soluble solids 
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��D K+,HI, �#Y, E�	$ +	! ,- �-,A-	
�,) B��,A �-	J$ �3+Kundu et al., 2020 ��+,HI, �V, E+>A �#�Q �, .(

1�#&� ���� 3F �,�=&� -A �+,R  �Y	3$ 	! �	=L-A �D	� �� 	�  B�6	eI K+,HI, �! ��e� �	
���' W+, B
�� �V, �,�'

v�#U�� E+
' � f�J� H�,�� �! �6�' l!	3� �, 	�3F 1	%=�, ��H=3��=I ) �',-���!�� �	��#�  �	�3F �! (	�+-	�	�

���� BI	! -A (��=���I � H��#�) �A	� ) D	! 	�Muradi & Godara, 2020 (-,H� -A �� B�, �6	O -A W+, .(Yfran 

et al. )2017��� H�� (   BX#  �! B��,�=� -�! � @��#� �@��	=� ��e� `���' �� �, ",�TSS ����  @F- �?�-	� �	�

�3e� �V, )�� =D,A �-,A .3D	! �  

  

3 .8) <����	��� %��' +������ .TA( 1
  

 1�Q �!	g�)4(1�#&� � 1	� E!	%=� �,�V, � �A	� �,�V, �  �,H�� �! ���! �D	�TA ����  Z+ 1	�=O, ng� -A 	�

�3e� Y-A  �X� �, ��+	��) �	=L-A �#� B�eM� .A�! -,ATA ����  �! �A	+� B�	
D K���� W+, �,�Q, 1	� �A -A 	�

 w�!�� *+	=�TSS ����  BX#  �! 	�-	��' �-,R��V, � BD,A 	�TA �3e� "�A 1	� -A k%I  1�Q) D -,A5 W+, �! .(

 �	�-	��' �N	�,�,�=�� @��	=�  �Y-A Z+�,�=�� @��#�  � Y-A Z+Z+-�! ��, �3e� �V, 1�, 1	� -A Y-A @�� ,A �-

 �,H�� �!TA ���� �6	O-A �3=D,� 	�  �	�-	��' "�A 1	� -A ���,�=�� @��	=�  � Y-A Z+Z+-�! ��,  Y-A @���! -�] 

�3e�  �,H�� K+,HI, m$	! �-,ATA ����  1�Q) �D 	�5 .(  

�=I	+ 	! 1�, 1	� *+	=�  �	�Yfran et al. )2017�A,A �	�� �� A-,A B%!	g� ( 1�#&� �, Z�� 	! ���! �D	�  �	�

�3e� ��Vz' ������ F	I )�� @F- �?�-	� -A -�! � @��#� �@��	=� �3e� .A�! ���� �	���, ng� �! -,A  �V, �A�!-,A

�,�=�� @��	=�  �Z+-�! ��,  �,H�� �!TA ���� �� ,- 	� ! ��e� �	
���' W+, B
�� �,�V, �! �,�' B�6	eI K+,HI, �

@+H�) ) B��,A k
'�� �6) �	���, �33�H=3� �	�Barker & Pilbeam, 2015 .(  

  

3 .9 .TSS/TA   

 B
�� �,H�� �,���S' -A �P!	�� ��?6,TSS/TA  �?�-	� ���� (r�#! pL	D)ʼ*��ʻ  �,���S' 	! ��+	%� -ATSS  �TA 

 1�Q) D ��	��4 K+	��) 1�, 1	� -A �N	�, W+, �! .( �! �-	��' ���TSS/TA �3e� �V, ����  -A 	�, �BD,� �-,A

 -	��' �"�A 1	��,�=�� @��	=�  Y-A Z+�! -�] �3e�  B��,�' �-,ATSS/TA  ,- ���� r�#! `�'�' W+, �! � �A,A K�	� ,-

 1�Q) A�,�, ��Lz' �!5 .(  

  

3 .101�!�� "��� 4��� ���	� � J�� 	K' .  

6�#� @�,�' A,A �	�� *+	=� � �	?#� ��O	� B��� �@� W�3T  � 1	� E!	%=� �,�V, H�� � �A	� �,�V, ��Vz' B&' f	� �gF

1�#&�  ���! �D	��,�=�� @��	=�  �Y-A Z+�,�=�� @��#�  � Y-A Z+Z+-�! ��, ) 3=I�?� -,�F Y-A @��1�Q �	� 

4  �5 .( �� B�, �D pb��3+,�I ���� D- �, �-�A W�6�, �! A�&� 	P3' �	
��� ���� B��� �e��'  A�O �3e+ 	�

B�P
+A-,) ���� E���' �, e! �	� Z+ �	� A,A�L E+,�, ��	� m$	! B��� -A �6�#� +D �	���%' ��-�A W+, -A .B�, (

�� �� A�O B��� 	' A�D B�, �6	O -A W+, .�A o	J=L, A�L �! ,- ���� �gF "-	PT ���� D- �#O�� W���A -A ��  �	�

 -	�I � �A�� ,�� ��+,HI, ��- BD�� @_OE!	F PQ�' ��! E�6A �� A-,� B��� �! @_O K+,HI, W���  `
� �� +)

��� c�	� � �� �� B��� �D�' ) A�DJuan & Jiezhong, 2017 .(  

                                                                                                                                                            
1. Titratable acidity  
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��-�! "	_�, �	� ! -A ���� B��� E�&' �,H�� �� B�, �A,A �	�� �=I��-	�I �!,�  	' BD�� f�] �, �DA-,� �	�

1�#� A,e' l!	' �A	+� A�O  �T�� �� B�, ���� ng� O,� -A B��� �	�K�! �'  E�&' � �D B+�%' B��� ��� D	!

 ���-A �	�-	�I �! �)K�! �' ���� ��� ��6�, EO,�� �	�� -A ���� B��� -A �6�#� @��%' �� B�, �P+! .A�! �,�L  	�

�� aF�=� 1�#� �e��' �DA�&� m$	! �� �#�	$ �� ,R6 � A�D  �����' �-	�L K+,HI, `Q�� A�D B��� �	�

�3e� fs=L, A�Q� "$ .D �,�L E� B��� �6�#� @�,�' -A -,A �� a#=b� �	�-	��' -A �	�  B%�%O W+, �, �D	� �,�'

���� -A �6�#� @��%' ��+	���D �	�-	��' �,�Q, �	�� -A �� D	! 	����� � �=I	+ �	+	� ��+	��) �  �e��' �	I A-,� 	�

�D �6�#� ) �,Cronjé et al., 2014; Li & Jiezhong, 2017�! *+	=� .( B�A �3e� A-�� -A ��)  	�-	��' �V, ���-,A

���� f	� ��,�, -A �� ,- 	�  k��' �D��=3� (-,H� 	! �,�'Zur et al. )2017-	L �gF �A�! �A,A �	�� �� ( f	� �Q

���� �����' W��e' -A ��V, B�, -,R��V, �) -A f	� �#L,A �gF 	P3' � �=D,� �	
��� �	��  .A�� ���C'  

  

4 .+L��� B	��  

N	�,�! �=I	+ �! �	� B�A  �	
���' 	! *�� @F- �?�-	� �	=L-A �#���' �+RS' �� D "�#e� �6	��A K���� W+, �, ��)

�,�=�� @��	=�  �Y-A Z+�,�=�� @��#�  � Y-A Z+Z+-�! ��, �3e� ��Vz' �-A�Q (H+- �	+	� �	�� -A Y-A @��  �-,A

f	ge�, K+,HI, � ��+H�I "	�&=�, W=I->	! -A �� � �=D,A B��� ��+R� ���� Y-A K�	� W�M �,�' c�' �	�  �A-�L

���� �, BL-A A��#�$ K+,HI, � �
P! `Q�� -,�	! �! �M�$ E!	F � @6	� �	����� �C�� � ��� �	CY A  (�-, � �D 	�

���� �A	J=F,  H�� ,- ��6�' �	�K�! �' �� `�'�' W+, �! .3�  �,�'N	�,�! �! *+	=� B�A  �! �K���� W+, �, ��)

���� �-A�Q (H+- u�� BI	+ �	+	� �, v� 	' A�� A	P3��� ��-,A 1	S=D, @F- W+, �6�' �! �� -��� �,-, 	!  �	=L-A �	�

�L E�	D �6�#&� 	! ,- A�,�=�� @��	=�  �Y-A Z+�,�=�� @��#�  � Y-A Z+Z+-�! ��, 1�#&� Y-A @��  3+	�� �D	�

���� Y-A K�	� W�M 	'  �3��-,�	! 	! �6�J&� ��A-�L c�' �	�K�! �'  .33� �6�'  

  

5 .��#��' � 	8M� 

���� � �	
��� ������� �, ���� �	� L, -A BPQ �! ������� � ���' ���	?�+	��) �,H�P_' � �	�	��, W=D,R� -	�=

�� ��,A-F  .AA��  

  

6 .N6�O� P��5�  

��� A-,� A�Q� �	�3�+�� k��' lI	3� x-	e' ����.  
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