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Fig. 1. Effect of different salinity levels and irrigation intervals on stem height of carob seedlings. Similar letter 

in each column are not significantly different at 5% level of probability using Duncan multiply range test. 
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Fig. 2.  Effect of salinity levels and irrigation intervals on leaf area of carob seedlings. Similar letter in each 

column are not significantly different at 5% level of probability using Duncan multiply range test. 
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Fig. 3. Effect of salinity levels and irrigation intervals on shoot dry weight of carob seedlings. Similar letter in 

each column are not significantly different at 5% level of probability using Duncan multiply range test. 
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Table 1. Interaction effect of salinity levels and irrigation intervals on growth indices of carob seedlings. 

 †Mean values with similar letters in each column are not significantly different at 5% level of probability using 
Duncan multiply range test. 
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Fig 4. Effect of salinity levels and irrigation intervals on the content of chlorophyll a and chlorophyll b in carob 

seedlings. Similar letter in each column are not significantly different at 5% level of probability using 
Duncan multiply range test. 
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Table 2. Interaction of irrigation intervals and salinity stress on ecophysiological and biochemical parameters of carob 

seedlings. 

† Mean values with similar letters in each column are not significantly different at 5% level of probability using 
Duncan multiply range test. 

† P0e
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 P6
�- ���14�����.  

 

 >�5���  

  �3�� � 	���� ���
� M�/0�� 5w
����� ��/�% +��� �� ���% ����1  ���R� ���0�4 ��- 8��/�� �� .Q��C ���> 	637 �0j�%
���
� M�/0�� 	�Y� A��!% �o �C� .Q��- 	3��@ �
�� �3�� � 	���� :�IE P0� ���-10  �15 ��3
 ����3� ���0�4 1� 

 .6�)5 9 5r=� .( �F�� 9c� 8��@M�/0�� 	� �� 8��@ �� ���%M�/0�� Q0=lT  � 	637 8�% .0=- �� y�7 �-M�P0�o 
�� �4 9c� 8��@8��@ .0=-  � ���YE�%� �3�� M?W0E��  ��0C-�- Q�W
 )25( .  

>�<��  

   ]�E�����0?
��� �-�- w
����� ��/�%M0W�@ Q2� 5�� ���
�  	������1 	�Y� 	637 � ���� 8�6���� �0j�% .�� ��-
	�0� �!" ���� �-	�Y� �00^% 	���� ���
� M0W�@ Q2� ���0�4 ��- 8��/�� �� 5�L�� ��- �- .Q���
 ���� �� Q�W
 ���-

 ���0�410 �� 5-�@ ��0V 8��/�� M0W�@ Q2� ��/0� ���� 8��/�� �� 1�����R� P��?30� �@ ���;  ���� �- M0W�@160 
	�0� ���0�4 ��- �- .�� ���3� �L��15 	���� ���
� M0W�@ ��/0� ���� 8��/�� �� 1�� 8��/�� Q���5  �o �C� 8��/�� P��

-��
 ��- 	�Y� +���) 3 �3�� M0W�@ .(��1 	637 ���0% �0j�% .Q��C ���>  	3��/�� �
�� M0W�@ ���R� ���0�4 ��- 8��/�� ��
�C� .-�- ��3
 	�Y� A��!% �o :�IE P0� ���-10  �15 .6�) �3
 ����3� ���0�4 1��6 O��� 	637 8�% .(�/�E� 8�% 

 ���� � 	�ElV�?0E M0W�@ 8��/��	��@ -�� �� �����8�% ����@ y�- +��e0E K� 	� 8R
 ��!����@ �� .Q7�E  �
+�R?
� W�4 �0E���+�
�@ 58�% 1� 	��
 X�� �� K�/	�0W�@ ���  �-��?7� ��� ��� ��
1�� � +�Y� �
1���?W� �� 	� �
��

)9���
� M0W�@ ��/0� .( 	����  �- ���0�4 ��-15  ���� �� 1��160 	�0� �L����- �� Q�W
 ���0�4 10  1��  HIE P0�� ��
 ����8��@ �4 Q�� �@ Q��- 8��@ �3�� ��3� �� �@ QE� ��0C ��Y% 8��@ 1� 	��
��� ��@�1�E ����� Q@�T 	�"

��0C �- M0W�@ QE� ��� ��0�. M�P0�o  ���e3��UV b��/C�-�@Q�� �
�  9c� 8��@ M0W�@ -�d�1 �dj� �� ��� D0 � �-
M0ddW�@ �d� M��ddE Q�ddW
 ��dd� 	�����  M��E D���dd� Pdd�� �- �dd@ P�/e��� M0W�@	�) -��2.(  

  

���� �� 	�

 ��� ���   

RWC (%)  
 

!" !�#���"  

Total 
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)FW 1-mg g ( 
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Soluble sugars 
)FW 1-g mg( 
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Salinity 
level  
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Irrigation 
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)Day( 

73.62±0.015 a 0.77±0.5 a 0.78±0.05 a  0.64±0.026 d 1.61±0.031c 0 

0 
60.83±0.0072 

bc 
0.69±0.062 a 0.74±0.008 ab 0.72±0.03 cd 1.3±0.2 d 80 

63.94±0.011abc 0.62±0.034 a 0.64±0.02e 0.72±0.03 cd 1.41±0.2 cd 160 

69.21±0.019 ab 0.58±0.023 a 0.73±0.01cd 0.64±0.33 d 1.47±0.1 cd 0 

10 
62.93±0.005 

abc 
0.68±0.022 a 0.72±0.006 cd 0.72±0.24 cd 1.99±0.023 b 80 

53.51±0.0016 c 0.7±0.005 d 1.18±0.03a 1.18±0.03 a 2.52±0.2 a 160 

54.02±0.009 c 0.71±0.02 d 0.81±0.009 bcd 0.18±0.03 a 1.61±0.017 c 0 

15 54.02±0.009 c 0.62±0.02 e 1.04±0.042 abc 1.04±0.042 abc 1.52±0.23 c 80 

59.01±0.015 bc 0.54±0.024 f  0.96±0.03 abc 0.96±0.03 abc 1.52±0.2 bc 160 
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Fig 5. Effect of different salinity levels and irrigation intervals on Mg concentration in roots and shoots of carob 
seedlings. Similar letter in each column are not significantly different at 5% level of probability using 
Duncan multiply range test. 
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Fig. 6. Effect of irrigation intervals on Ca concentration of root in carob seedlings. Similar letter in each column 

are not significantly different at 5% level of probability using Duncan multiply range test. 
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Fig 6: Effect of salinity levels and irrigation periods on Mg concentration of shoot and root of 
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Table 3. Interaction of salinity and irrigation intervals on nutrients concentration of shoots and root in carob 

seedlings. 
	���� ���
� M0W�@  

Ca concentration 
of shoot (% DW)  

 

	���� ���
� M0E�?V  
K concentration 
of shoot (% DW) 

�3�� M��E  
Na concentration 
of root (% DW) 

	���� ���
� M��E  
Na concentration of 

shoot (% DW) 

����  
Salinity level  

mM)( 

���0�4 ��-  
Irrigation period  

)Day( 

0.84±0.038 c 1.11±0.18 cd 0.36±0.04 e 0.16±0.038 e 0 

5 1.18±0.01 bc 0.6±0.094 d 0.63±0.017 e 0.017±0.016 e 80 

1.16±0.05 bc 3.06±0.052 ab 0.96±0.02 cd 0.25±0.011e 160 

0.79±0.012 c 1.38±0.061 cd 0.43±0.02 cd 0.15±0.04 e 0 

10 1.17±0.04 bc 2.12±0.053 cd 1.20±0.008 c 0.56±0.008 c 80 

1.96±0.022 a 3.93±0.051 abc 1.73±0.08 b 0.59±0.022 c 160 

1.04±0.018 c 2.64±0.069 cd 0.80±0.044 cde 0.19±0.008 d 0 

15 1.32±0.02 bc 1.58±0.07cd 2.51±0.05 a 0.60±0.01 b 80 

1.32±0.02 bc 1.20±0.08 cd 2.75±0.03 a 0.72±0.032 a 160 

† Mean values with similar letters in each column are not significantly different at 5% level of probability using 
Duncan multiply range test. 
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Effect of Salinity and Drought Stresses on Growth and Eco 

physiological Parameters in Carob Seedlings 

(Ceratonia siliqua L.) 

 

Z. Damani, H.R, Karimi*, A.A. Mohammadi Mirik and M. Esmaelizadeh11 

 

 In order to evaluate the tolerance of carob seedlings to drought and salinity stresses based 
on growth and ecophysiological indices, a factorial experiment was conducted based on a 
completely randomized design with three replications. Factors included drought at 3 levels (5, 
10 and 15 days irrigation intervals) and 3 salinity levels (0, 80 and 160 mM NaCl). The 
results showed that drought and salinity stresses reduced the vegetative indices of carob 
seedlings so that the lowest vegetative indices were observed in 15 days irrigation interval 
and 160 mM NaCl. The shoot fresh and dry weight decreased with increasing salinity and 
drought intensity. The highest shoot fresh and dry weight were recorded in control plants and 
the lowest shoot fresh and dry weight were recorded in plants treated with 160 mM NaCl and 
15 days irrigation interval. The results of this study also showed that relative water content of 
leave decreased in plants treated with 10 days irrigation interval with increasing salinity 
levels while there was no significant difference between salinity levels in 15 irrigation 
intervals. The results also showed that the concentration of Na in root and shoot was 
increased with increasing salinity and drought stresses so that the highest concentrations of 
Na in shoots and roots were observed in plants treated with 15 days irrigation interval and 
160 mM NaCl. According to the results of this study, it can be concluded that carob seedlings 
can tolerate 10 days of irrigation and 80 mM salinity. 
Keywords: Carob tree, Chlorophyll, Stress, RWC. 
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