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Table 1. Interaction of salinity and cultivar on nutrients concentration and nitrogen absorption of olive root. 
�,�� 
 ��� =V��  

Root elements concentration 

  �"���8%  
Treatments  

�6�
78   
)N (%  

 @�<8��)Mg(%  @8B�7.  )K(%   @��B )Na(%  
  ����  

salinity 

���  

Cultivar  

13.54f 0.62a 1.27c 1.05e  0 

�8/	�
>�G 

 Conservolia  
10.83g 0.55b 0.85f 1.27d  40 

7.84h 0.47c 0.72g 1.44c  80 

4.71i 0.42d 0.64i 1.94a  160 

32.64a 0.46c 1.09e 0.26i  0 

28E��F 

 Arbequina 

28.71b 0.42d 0.87f 0.90f  40 

23.78cd 0.36ef 0.74g 1.40c  80 

16.38e 0.30g 0.68h 1.59b  160 

27.49b 0.45cd 1.46a 0.30hi  0 

CDB��	 

 Abou Satal 

24.75c 0.43d 1.45a 0.32hi  40 

21.27d 0.38e 1.37b 0.39h  80 

15.80ef 0.33fg 1.16d 0.52g  160   
† ~
[!�" S
7,� �3 
" ��7B 
k�, 3�� ~j75	 ��U��	3 28k�8��" �3 HDB W��7[	 5% 
� ]�B	 ���?F ��J ���	3!	 2E	3 =B	.  

 Means with similar letters in each column are not significantly different at 5% probability level using Duncan's multiple range test.†  
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Table 2. Interaction of salinity and cultivar on nutrients concentration and nitrogen absorption of olive leaf. 

 
 ��� =V��X
�  
Leaf elements concentration 

  
�"���8%  

Treatments   

�6�
78   
)N (%  


�G  
)Cl(%  

@8B�7. �� @��B =�>  

 )K/Na(%  

  @8B�7.  
)K(%  

  @��B 
)Na(%  

  !���  

Salinity 

@A�  

Cultivar 

75.50d 0.24e 1.80d 1.09c 0.61f  0 

�8/	�
>�G 
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52.16f 0.35c 0.93e 0.75g 0.81e  40 

35.60g 0.50b 0.68ef 0.67h 0.99d  80 

16.57h 0.68a 0.48f 0.57j 1.18c  160 

129.30a 0.19ef 5.24a 0.96e 0.19j  0 

28E��F 

 Arbequina 

108.82b 0.24e 0.99e 0.80f 0.83e  40 

91.27c 0.29d 0.52f 0.66h 1.28b  80 

55.63f 0.38c 0.43f 0.61i 1.43a  160 

102.26b 0.13g 5.51a 1.37a 0.25i  0 

CDB��	 

 Abou-Satal 

106.47b 0.16fg 5.31a 1.36a 0.26i  40 

86.42c 0.19ef 4.11b 1.27b 0.31h  80 

64.89e 0.22e 2.51c 1.05d 0.42g  160   
†  W��7[	 HDB �3 �" 28k�8� �	3 ��U� ~j75	 3�� 
k�, ��7B 
" �3 S
7,� !�" ~�
[5%  ��J ���?F ]�B	 
��	3��!	 =B	 2E	3.  

 Mean with similar letters in each column are not significantly different at 5% probability level using Duncan's multiple range test. 
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Fig. 1. Interaction of salinity, cultivar and N levels on plant height. Means with the same letters are not 

significantly different at 5% probability level using Duncan Multiple Range Test.  
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Fig. 2. Interaction of salinity, cultivar and N levels on leaf number. Means with the same letters are not 

significantly different at 5% probability level using Duncan Multiple Range Test. 
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Fig. 3. Interaction effect of N levels and olive cultivars on root Na concentration (a), salinity and N levels on 

olive leaf Na concentration (b). Means with the same letters are not significantly different at 5% 

probability level using Duncan Multiple Range Test. 
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Fig 4. The effect of salinity (a) and N (b) levels on olive root Cl concentration and N levels on leaf Cl 

concentration (c). Means with the same letters are not significantly different at 5% probability level 

using Duncan Multiple Range Test. 
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Fig. 5. Interaction of salinity, cultivar and N levels on root K/Na (a), salinity and N levels on olive leaf K/Na 

(b). Means with the same letters are not significantly different at 5% probability level using Duncan 

Multiple Range Test. 
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Fig. 7. The effect of cultivar (a), salinity (b) and N (c) levels on root Ca concentration, and the effect of 

cultivar (d), salinity (e) and N (f) levels on olive leaf Ca concentration. Means with the same letters 

are not significantly different at 5% probability level using Duncan Multiple Range Test.   
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Fig 8. Interaction of salinity and N levels on olive root Mg concentration (a), and the effect of salinity (b) 

and N (c) levels on olive leaf Mg concentration. Means with the same letters are not significantly different 

at 5% probability level using Duncan Multiple Range Test. 
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Fig. 9. The effect of N levels on root N absorption (a), and interaction of salinity and N levels on olive 

leaf N absorption (b). Means with the same letters are not significantly different at 5% probability 

level using Duncan Multiple Range Test.   
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Fig. 10. The effect of salinity levels on root N concentration (a), interaction of N levels and cultivar on root N 

concentration (b), and salinity, cultivar and N levels on olive leaf N concentration (c). Means with the 

same letters are not significantly different at 5% probability level using Duncan Multiple Range Test.   

� CE10- HDB 
4	 �6�
78 =V�� 
� !��� !�",�� :(}/	) �HDB 1�E�"
� !�" �6�
78 =V�� 
� @A� � �6�
78�,��  � :(Y)

HDB � @A� :!��� !�" �6�
78 =V�� 
� �6�
78��7�? (�) X
� .28k�8� !	�	3 !�"~
[ :S
7,� !�" W��7[	 HDB �3

5% ���	3 ��J ���?F ?	 �3��7B	 �� 2E	3 !	��U� N���%.��	� �	3  

  

 -4>@ 9:�; -5 �%�-./ -0� 7-5 � �=#�)*��& ��'.#$ -#$ ��'( 6"� 

   
�>� =V�� !��� HDB 1�	<�	 �� 1"�G X
� � �,����U� �	3=�	3 ) CE�11- Y � }/	 .(1�	<�	 ��  �6�
78 HDB ?	

 �% 
� 200 ��8��
9  =V�� :
78/ 
� 
�>� �,�� CE�)11-  (� X
� � CE�)11-  (N �B 
" �3 1�	<�	 @A� �/� :=��� ?	

 =V��200  ��400 ��8� 
78/ 
� �
9 @A� 3��� �3 CDB��	 28E��F � �8/	�
>�G @A� 3��� �3 � }A�7� =V�� 1�	<�	 2�	1�	<�	 

 =V�� 
�>�X
� �,�� � ��"�� ���8% �� =�> 	 3	3 ��, . =V�� 28k�8� 
�>� @A� X
� �3 CDB��	 
7,8� ?	
k�3 @A� �3 

 CE�) 3��6 .(!�"
4	  � !��� 28� C��07� 
�>���  � R8G
% :��89 !�� ��[
� :��89 @A� �� ��9 �� N��HDB!�"  � !���

 =V�� 
�>�) 3�	3 �k7>� ��� \8�� �317 =V�� 1"�G |��� !��� R��	 .( 
�>� ��� =8/�U� 1"�G �3-
4PO ��3�� ?	 :

 
�G ��� =��A� 
k�3 ~
Q ��� ��3-
4PO �,�� YZ� ���F
� �3 YZ� 1"�G C�M3 
k�3 ?	 !	 
�>� !��� 
4	 �3=B	 )17 .(

 �6�
78 � !��� 1�E�"
� 
4	 �B�
� =V�� � ��8� =8�8G :��� 
�!�"
T��  ��	Z��k
� ���9 ��89 �3  �G 3	3 ��, ��

g
f

g

b

a

b

e

c
d

0

0.5

1

1.5

2

2.5

3

3.5

0 200 400

 �
,

��
 �

6�

7

8 
=

V
��

R
o

o
t 

N
 c

o
n

ce
n

tr
a

ti
o

n
 (

%
)

 &�
���' (	)�� !"�)��
) �� &�� ��
�(

)1-mg lN level (

Conservolia Arbequina Abou-Satala
b

c

d

0

0.5

1

1.5

2

2.5

0 40 80 160

 $
%

��
 +

,-
��


� 
�

�
� 

R
o

o
t 

N
 c

o
n

ce
n

tr
a

ti
o

n
 (

%
)

 ���� !"�)�#�� ��
�(

Salinity level (mM)

m
n

o

p

q

c

d

e

g
h

i e
f

fg h
ij

k-
njk

l

n

o

p

a

b

d

e
f

d

a

e
f

h
ij

lm
n

o

p

q

cd d

e
f

ij
k

e e
f

g
h

j-
m

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 mM 40 mM 80 mM 160 mM 0 mM 40 mM 80 mM 160 mM 0 mM 40 mM 80 mM 160 mM

Concervolia Arbequina Abou-Satal

 �
��

 +
,-

��

� 

�
�

� 

Le
a

f 
N

 c
o

n
ce

n
tr

a
ti

o
n

 (
%

)

 N0 mg/l N200 mg/l N400 mg/l

) }/	a(  ) Yb(  

) �c(  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
98

.2
0.

2.
3.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

5-
24

 ]
 

                            13 / 17

https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.2.3.2
http://journal-irshs.ir/article-1-243-en.html


�<�[�	��E�" � !	  

248 

 3
���G �6�
78��89 w��%�	 �  �"�� �� =�> ���>5�� � ��8� 
% �?� � �7��� 3��I�@"28�J  =V�� 
�>� � ���>5�� :��8�

�� 1�	<�	 <8 �,��) ����30(.  

    

    
Fig. 11. The effect of salinity levels on root (a) and leaf (b) P concentration, and interaction of N levels on olive 

root (c) and leaf (d) P concentration. Means with the same letters are not significantly different at 5% 

probability level using Duncan Multiple Range Test.   
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Effect of Nitrogen on Physiological Characteristics and 

Macronutrients Concentration of Three Olive (Olea europaea L.) 

Cultivars under Salt Stress 

 

Z. Hamzehei, A. Ebadi*, M. Moez Ardalan and S. Kalatejari1 

  
   

 In this research the interaction effects of NaCl and nitrogen concentrations, on some physiological, 

biochemical, and growth characteristics of three olive (Olea europaea L.) cultivars (Abou-Satal, 

Arbequina and Conservolia) were investigated. The experiment was conducted as factorial with four 

NaCl levels (0, 40, 80, and 160 mM) along with three (NH4)2SO4  levels (0, 200, and 400 mg L-1) based 

on a completely randomized blocks design with three replications. Salinity had a statistically significant 

negative effect on responses considered, although the severity of the effect varied among cultivars. High 

concentration of salinity decreased the plant height, leaf number, root and leaf K/Na ratio, N absorption 
and concentration of root and leaf, K, Ca, Mg and P both of root and leaf while increased the root and 

leaf Na and Cl concentration. Increasing N levels to 200 mg L-1 has improved the plant height and leaf 

number. At 200 mg L-1 N concentration, Na, Cl and Ca root and leaf were decreased whereas, K/Na 
ratio, N absorption and concentration also K, Mg and P of root and leaf were increased. It can be 

concluded that under salinity condition increasing N concentration up to 200 mg L-1 in salt sensitive 

cultivars to salinity is favorite in counteracting the adverse effects of salinity but the further increase of 

N concentration (400 mg L-1) may be ineffective or harmful for the growth of olive plants. In this 

experiment, investigation cultivars responses to salinity showed that cv. Abou-Satal is a highly resistant 

at highest salinity level (160 mg L-1), also cv. Arbequina is semi-sensitive and cv. Conservolia is a 

sensitive to salinity condition.  

 Keywords: Elements, N absorption, Olive, Salinity. 
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