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����  ABSTRACT   ���� 

 

A salt stress was applied from 3
rd

 leaf stage until the maturation on three tomato 

cultivars (Marmara, Levovil and Picolino). The salt stress was achieved by increasing the 

solution EC from 3 (control) to 6.7 dS/m for, Na and Na+Ca treatments, respectively. The 

stress induced a significant increase in vitamin C of Marmara and Levovil fruit content 

(20.94 and 23.03 mg/100g) as compared to the control (16.62 and 19.43 mg/100g, 

respectively). The titratable acidity was increased significantly (17%) only in Marmara and 

Picolino. The fruit content of fructose was increased in Levovil and Picolino by 1.4 and 1.7 

folds, respectively, as compared to control (11.13 and 18.8g/kg, respectively). While the 

content of N in Levovil and Picolino was decreased, under stress, by 33 and 58% as 

compared to the control (0.12 and 0.19%), respectively, the P content was increased. The 

salt stress decreased the K content in Levovil and Picolino to reach to 0.22 and 0.26% as 

compared to control (0.27 and 0.29%), respectively. The calcium addition modified the 

stress impact. A significant increase, was registered in Ca content under stress in Marmara 

andPicolino as compared to control, while the calcium addition did have any effect on. 
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 ���� 7�! ��� �01�X	
525 ) �1�X	
 �0!	
 |�05 6��� �!W
�� �������Spectrophotometer.(  e�W�	
  U����2Wr
 �� ����B� 602
�� 
���W�� W� 3H	
 3��0B�	
 �����	
 ���W
 I��0B	
 �E V0���2Wr
 \�� 602��

.3����	
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3:���%�	�%���M
 �� ��'	
 Q���� ����� .  

 eW� �0�XB	
 \���r
 �� ����	
 J���� |�05 �Koyuncu and Dilmacunal )2010(.  H��10  S
 R� U!��� 71�W	
 U�6[�� �����	
 ����	
  ��W� ��10  ��05 U!�X `0�) �!D�	
 ���	
 �� 7�pH  ���

1.5� (10  H�Z0 .�0;��	
  �� �!W
�� ����W�	
 �0��� U�� � I�0W� V0�0W�����E 3�� e2�� �� 7�1.5  7�
0� ����	
 ��X ��0	9 ��1.5  7���� �� 7�KH2PO4 )0.01M, pH 8.0W�� .(	��B�6���HPLC  |�W� �H

) �0�W���	
  �E �B;r
UVwVIS detector (SPDw10AV VP) ���� 7�! ��� !�X 3H	
 (210  I�������
 �����YMC PackwODS )250 mm x 4.6 mm I.D., 5 µm  E�� 7�B�� (0.4  ��
�� ����� �D05� /7�
.�E�b	
  

  
4:���"�	
 �� ��'	
 Q���� ����� . 

� |�05 602�� U�0�2W	
 ��1
H	
 )6�2��b	
 6��2��	
� (eW�� �D0�! Gomez  4Z��6�)(2007I `0� � 
����Wa
 �E�Xl� 1 7� �� 7����0�	
 50  %�0.3 7� �� ��E����2	
 �	9 5 S �� ����	
 �����	
 ����!�	
� 

�E U�6[
 71�W	
 .UH�� ���;�	
 �����	
 �B� V0��� �06�	
 ���	 30 �D05� ��� ���� ��
�� 4  °70���	
� ���	 5 
 1�5� ��� ���W 12000 �D05�/ ����  ���� ���� ��
�� 4 ° U��B�W
� |�0D	 602�� U�0�2W	
 �B� ���0��� U�� 
P0���	
 .� |�05 602�� 6�2��b	
 6��2��	
�  1
�!	�� �0�06�r
  7��B�W��kit ) 06�� 3��0 ���enzyme 

hexokinase|�05 � I( 602�� m	
 NADH ����	
 ��� 7����	
 �� 7�! ���� 340 
���W�� ������� 6��� |�05 
�0!	
 �1�X	
 )Spectrophotometer.(   

   
5:��,���	
 .�,�	
 �� ��'	
 Q���� ����� .  

 ��
�� ���� ��� ��E �E �����	
 ����	
 ��� U�W�0D	
 �
��
 �70 °  ����	
 J���� �0��� � .�0��0 ���	
U�6[
 ��  �D0�!	 T�B��Kjeldahl )1883(.  ��
�� ���� ��� U��0B	
 �0��� �550 °  ���	4  ����	
 k6� .U���W
 7���� R�HCl )2M �	9 �;
�	
 �� 7�2� � I���W	
 (50  �� ��0B	
 J���� �0��� � .�!D�	
 ���	
 �!W
�� 7�

Ca+2 �K+ �Na+ �Mg+ 7��B�W�� 3�H	
 �����a
 6����Atomic absorption spectrophotometer 
)Unicam Solar 929 U0��2	
 J���� �0��� � ���0� I(S+4  �D0�! 7��B�W��Indirect Flame 

SpectrophotometriceW� ���W��	
 |�05 � ���0� .Chapman  �Pratt )19827��B�W�� (Pye Unicam 
SP6w550UV/visible spectrophotometer |�05 � ���0� .Clw � �!W
�Electrometric titration  k6� �B�

0.1  �E ����	
 ���� �� S50  �D0�!	 T�B�� ��
�;	
 ��6�� ��� 7�Guilliam )1971 .( 

: !�.�*
 ;����	
  

 �� ��2� 72 �	_�0� U
��2� ���� ����B� 72 3���� .����2	
 �01
�;B	
 U���!D	
  E� �����	
 U���30 
 ������ �!W
�� �1���	
 U��� .U���Rwversion 2.5.1 )The RProject for Statistical Computing, 

Lyon, France.3��0B�	
 _!�	
� 0D	
 U�!W��� e�W�	 ( 
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��<�,�	
� T!��,	
:  
 �0���0E �� ����	
 J���� �0b� �1���	
 �0��C  I(V0��W	
 \��� V0	��	
 \��) �0�XB	
 \���r
�

 7���) ��X��	
 ����	
 �E 6�2��b	
� 6��2��	
 7�� U�0�2W	
 \B�� �0�2	
 �X���	
�1 �����
 �0�_� U�� I(
 �0���0E �� ����	
 J����	 ��W�	��  .����	
C U��W �DE I���	
 �B0�! eW� ����0 �;Z�	
 
H: �� c��0 I

E �0��B� ���06���	
 ���� �E �;Z�	
 
H: �Picolino ����	
 J���� �0b� IJ��� ��� �� .����r
 �0D� R� ����D�
 �0���0E �� ��
�	
 ���	
 ��XC  �� ����	
 J���� �E �0��B� ���06 c��	 ����r
 72 �E .���	
 !W� ������

 �0���0EC  ���	
 �� 72 �E ����	
 �����
  0�!� R�Marmara �Picolino )20.94 �23.03/P�100  (S
) �:�;	
 R� ����D�16.62 �19.43/P�100  J���� �E �����	
 ����B� �	9 �0W	�2	
 �E�X
 ��Z� 	 ���0� .(S

����r
 R0�� �E �0���0�	
 �� ����	
 . �� ����	
 J���� �E �����	
 �0�_� �9 �0���0EC  ��E I�X
� �0� 7
60a
� U�W
��	
 y0E U�0� 3H	
 U5�	
�;Z�	
 
H: � ����0 a ) �����	
 �0�_��Fanasca et al., 2007 U�W
�� U�2� I(

) 4��0�6
 J���Krauss et al., 2006; Dorais et al., 2008 �0�06�r
 ��c��	 7�2� ��06�� �0� �c� y��2 I(
) �����
 �� �����	
 ���	
 ��H�	
 |�2� �D� ��	
Murshed et al., 2008.(  

 7���) �0�XB	
 \���r
 �� ��X��	
 ����	
 J����	 ��W�	��1 �����
 ����B� �0�_� �� c��	 �DE I(
 ���	
 
�� I����r
 R0�� ��20	��	
 \�� J���� �E ����	
Marmara J���� �E �0��B� ���06 c��	 `0� I

) V0	��	
 \�� �� ����	
1.26 ) �:�;	
 R� ����D� (P2/S1 ���
 U�� (P2/S �0W	�2	
 �E�X9 �� a9 I����	
 ��
  �E 3� 7�W0 	 IV0��W	
 \��	 ��W�	�� ��� .�0�_�	
 
H: �� 7�B0 	 I����	
 �����
 ����B� �E 3�	
 7���� �	9
 ����	
 J���� ��_� �1���	
 U��c� .�:�;	
 R� ����D� I����r
 R0�� �E \��	
 
H: �� ����	
 J���� �E 3��B�

2	
 �X���	
 �� 7���) ���	
 �B0�! V	H2� 3�	
 7����� ����B�	
 ������ �0�1 �0�2	
 �X���	
 U�
�6
 �DE  .(
 ���	
 �EPicolino )10.6) �0D���	
 ����r
 R� ����D� (%5.9  �9.12  ���	
 �E %Levovil 

�Marmara ��W�� T�0��B� U�
6 ����	
 �����
 ����B� �� ��2 .(�	
��	
 ��� I17 ���	
 �� % 72 �E �0�2	
 �X
���	
 ��Marmara �Picolino ���	
 �E ��Z� 	 ���0� ILevovil �E�X9 �0��� 7�B� 	 IJ��� ��� �� .

 R0�� �E I�:�;	
 R� ����D� �0�2	
 �X���	
 ���06 �E �����
 �0�_� ��	 ��2 7� I�����
 �0�_� �� T�0��B� �0W	�2	

 �� ����	
 J���� ��_� �� �9 .����r
 �� R� \5���0 �W
��	
 4H: �E �����	
 �0�_� U�� �0�XB	
 \���r

) \����
 7�� �D��W U�W
�� y0	9 �0;�Petersen et al., 1998 �� (���06 )Dorais et al., 2001 J���� (

.�����	
 �0�_� U�� �0�XB	
 \���r
 �� ����	
  
 ���	
 ���� �� c��	 IU�0�2W	
 �� ����	
 J����	 ��W�	��Picolino  6��2��	
 �� ���� J���� U
H U��2

) 6�2��b	
�18.8 �21.76  ���	
 R� ����D� (e0���	
 ��� IP2/SMarmara )12.78 �9.42  ��� IP2/S
� (e0���	
Levovil )11.13 �14.8  ���06 c��	 �DE I����	
 �����
 �0�_�	 ��W�	�� ��� .(e0���	
 ��� IP2/S

	
 ����	
 J���� �E �0��B� 
�� ����r
 R0�� �E 6��2��	
 �2W ��� ����r
 R0�� �E 6�2��b	
 �2W �� ��X��
 ���	
Marmara �
�D�� 6��2��	
 �2W �� ����	
 J���� �
�6
 �DE .1.7 �1.4  �:�;	
 R� ����D� ���  

)11.13 �18.8  ���	
 �� 72 �E (e0���	
 ��� IP2/SLevovil �Picolino �
6 ���0� .�	
��	
 ��� I J����
 �
�D�� 6�2��b	
 �� ����	
1.6 �1.5 �1.3 ) �:�;	
 R� ����D� ���9.42 �14.8 �21.76  (e0���	
 ��� IP2/S

���	
 �� 72 �E Marmara�Levovil �Picolino 	 3�	
 7����	 �0W	�2	
 �E�X9 �� �	9 ��;0 .�	
��	
 ��� I
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�� ����	
 J����	 ��W�	�� ����	
 �����
 �0�_� �� ���0 ) �D��W U�W
�� U�0� .6�2��b	
� 6��2��	
Wu and 
Kubota, 2008 �
�D�� 6�2��b	
� 6��2��	
 �2W �� ��X��	
 ����	
 J���� ���06	 �	9 U�� �����	
 �� I(1.6  ���

.3���	
 �X�	
 �� ���	
 ����� �E ����	
 J���� �E ������	 �0�_� 3� c��0 	 ���0� I�:�;	
 R� ����D� 
  

 ;���1: ��%�,	
 ��'	
 Q����  $ �0
2	
 I�� U	& ����	�"	
 �$�%
ٕ� -,.	
 ����I �'(�  

 ������$ ��C /W�)100) ���"	
 �%���	
� (W"/X) Y���	
 L��� Y�	��	
 L��� (X%.(W"/X) 2�"��Z	
� 2��"6	
 "�� (  

6�2��b	
 
(P2/S) 

6��2��	
 
(P2/S) 

�0�2	
 �X���	
 
)%( 

V0��W	
 \�� 
(P2/S) 

V0	��	 \�� 
(P2/S) 

 �0���0EC 
/P�)100(S 

����B�	
 ���	
 

9.42d 12.78cd 9.12c 7.38bc 1c 16.62e Control Marmara 
 
 

15.44c 18.6bc 10.7b 8.18ab 1.26b 20.94cd Na 

15.02c 17.86bc 10.82b 8.40ab 1.34b 20.8cde Na+Ca 

14.8cd 11.13d 5.9d 3.27e 1.77a 19.43de Control Levovil 
 
 

22.33ab 19.03b 6.87d 4.47de 1.97a 23.03cd Na 

21.03b 17.3bc 7.23d 6.1cd 1.83a 23.3cd Na+Ca 

21.76b 18.8b 10.6b 8.24ab 1.14bc 24.22bc Control Picolino 
 
 

27.62a 25.48a 12.44a 8.9ab 1.22bc 29.28a Na 

27.28a 25.76a 12.26a 9.06a 1.24b 28.36ab Na+Ca 

5.43 5.93 1.43 1.67 0.24 4.72 LSD5% 
 

 �E' Q���� �,0 ���,�� C�$ ���� ��0 U	& ��
�	
 ����	
 ��% ��'����	
 -�M
 ���95.% 

 
 �0Hb�� �D�B��	
 7�
�B	
� ���	
 �B0�! eW� �0b� �5 �0��B�	
 ����B	
 �� ��X��	
 ����	
 J���� �� c��	

 7���) U���	
2 ���	
 �E ���� ��2 ��X��	
 ����	
 �E U�6[
 J���� �� �1���	
 �0�� .(Picolino )0.19 (%
 ���	
 R� ����D�Levovil� Marmara)0.12 I��
�	
 ���	
 ��X .(% �E ����	
 �����
 ����B� �� c��	

 ���	
Marmara ����	
 J���� ���06���� 3�	
 7���� �	9 �0W	�2	
 �E�X9 �
 a9 I�:�;	
 R� ����D� T�0��B� ��Z� 	
 Ub��E U�6[
 ��0.13) �:�;	
 R� ����D�	�� %0.12 ���	
 �E c��	 ���0� .(%Levovil �Picolino  �̀��

J���� �E 3��B� \����
  ��W�� I����	
 ����]	 ��X0�B� ��� U�6[
 �� ����	
33 �58 �:�;	
 R� ����D�	�� %
)0.12 �0.19�0��B� ���06ى	9 U�� �0���	
 �0H: �E �0W	�2	
 �E�X9 �� ��2 .�	
��	
 ��� I(%  
)0.12 �0.18  J���� �� �	l��W
��	
 \B� U��;� .�:�;	
� ����]	 �X�B�	
 ����	
 J���� �E (�	
��	
 ��� I%

) �0�
��	
 U���	
 �B0�!� �����
 ���E 7�! eW� ����0 U
���	
Tuna et al., 2007 J���� \����
 c��	 .(
 ����	
 7�� U�����	
 �� �0�B	
 �E ����	
 ����a
 U�� U�6[
 �� U�����	
) ��0�	
� ��Cerda and Martinez, 

1988) �0B;	
� (Shen et al., 1994 �
�DE ��0�� I�����	
 �0�_� U�� U�6[
 \����
 U�W
��	
 \B� U�WE .(
�0����	
 �0;�r
 ) ���0�!D	Suhayda et al., 1990 �0WE���	
 �����D	 U
���	
 �D�	 3�Z0 3H	
 ��r
 (  

)Hawkins and Lewis, 1993��� ( U���0� �0� ��NO3/Cl )Cram, 1983.(  
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 7���) ���W��	
 �� ����	
 J����	 ��W�	��2 �� �1���	
 U��c� �DE .���	
 eW� �0b� �DE I(Picolino  �5
 ���	�� ����D� ���W��	
 �� ���� TJ���� 7�WMarmara )270ppm� (Levovil )235ppm �0�_�	 ��W�	�� .(

0 	 I��
�	
 ���	
 ��X ����B�	
 ����B�� �:�;	
 R� ����D�	�� ����	
 �����
 ����B� �E 3��B� �0b� 3� c��
 �E I3�	
 7����	 �0W	�2	
 �E�X9Marmara ����	 ��W�	�� ��� .Levovil �����
 ����B�  ��� c��	 �DE I

 ��W�� ����	
12 ) �:�;	
 R� ����D�	�� %235ppm� 3� �	9 �0W	�2	�� ����B�	
 �Z� 	 ��2 I( ����D�	�� �2H0 �0b
 ���	
 �E I����	
 �����
 ����B� U5��� ��2 .����	
 �����
 ����B�� �:�;	
 R�Picolino ��W�� T�0��B� I36  %

) �:�;	
 R� ����D�	��308ppm ��W�� �:�;	
 ��� T�0��B� T�5��� �0W	�2	�� ����B�	
 U��c� ��2 .(37  	 ���0� %
�B� R� �0��B�  ��E 3� ��c�.����	
 �����
 ���  

 7���) �0W����	
 �� �:���� J���� `0� �� ����r
 �0� �0��B�  ��E ���� �1���	
 U�0�2 7�W �DE .(
 ���	
Picolino ) T�0��B� T�5���0.29) ����r
 �0D� ��� (%0.27%  �ELevovil �Marmara ��X .(

Marmara T�0��B� �
�6
 ���0� I�:�;	
 R� ����D�	�� �0W����	
 �� ����	
 J���� �E ����	
 �����
 ����B� ��Z� 	 I
 �	9 7��E �0W	�2	
 ����B� �E �;Z�	
 
H:0.28 ) ����	
 �����
 ����B�� �:�;	
 R� ����D� %0.27  �E .(%

 ���	
Levovil�� �E 3��B� \����a ����	
 �����
 J�� I �	9 7��E �0W����	
 �� ����	
 J��0.22% 
 P�� 3H	
 �:�;	
 R� ����D�	��0.27  J���� ���_E ����	
 �����
 �0�_� 70�B�	 �0W	�2	
 �E�X9 U��� 
H: .%

) �:�;	�2 �0W����	
 �� ����	
0.27  �� ����	
 J���� �E 3��B� \����a ����	
 �����
 J�� ���0� .(%
	
 �E I�0W����	
 ���Picolino �	9 7�� `0� I0.26) �:�;	
 R� ����D�	�� %0.29  �E�X9 �� a9 I(%

 �	9 7�0	 �;Z�	
 
H: �E ���06 �	9 U�� �0W	�2	
0.3  �:�;	
 R� ����D�	�� �0��B� ���06	
 4H: U��2 `0� I%
9 U�W
��	
 \B� U��;� �D��W U�W
�� R� �1���	
 4H: UDE
�� .����	
 �����
 ����B�� 602�� \����
 �� �	

 7����	 �0���	
� �0W����	
 �� 72 |E���	 ��B0 �5 I�����	
 �� �B���� 602
�� ��� IU���	
 ��W�� �E �0W����	

) U���	
 �	9 ��H�	
 ���Gorham, 1993; Khatun and Flowers, 1995 �� �	9 ���;�
 �� ��a ��:� .(

��	
 �0W�Wr
 �0	[
 �: U���0r
 0c��  �����	
 �� �0B� 602�� 7��� �E �����5 ���06	 ������	
 U����� ��0E ����
)Tuna et al. 2007��W� RE�� I��
�;	
 ��B��W
 �0�0�
��W
 7�� �� IU���	
 �E �0���	
 2
�� !�X �0 `0� I( 

K+/Na+�Ca2+/Na+ ) ����	
 �EAlwKaraki, 2000.(  
� �:���� J���� ������ ����r
 U60�� 7���) �0W	�2	
 �2 P�� �DE .3��B� ����a
 
H: ��2 `0� I(

 ���	
 �E �� ����Picolino )65ppm ���	
 V	H �E 4�� (Levovil )61ppm ���	�E (Marmara 
)45.2ppm ���	
 ��X .(Marmara  ���	
�Picolino ��W�� |����	
 �;Z�	
 �E �0��B� ���06 U��c I10 
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89f 273g 20f 83.6cd 45.2f 0.27d 270c 0.12bc Control Marmara 
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108cd 561e 69.7e 76e 60cd 0.27d 250de 0.12bc Na+Ca 
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