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ABSTRACT 
In this study, the effect of different concentrations of sodium chloride (0, 3, 6, 9 and 12 ds/m) on growth characteristics and 
leaves sodium and chlorine content of eight pomegranate cultivars (Malas Saveh, Malas Esfahan, Rabab Qermez Shiraz, 
Gabry Yazd, Gabry Torosh Yazd, Zaq Sefid Yazd, Zaq Torsh Yazd and Malas Toq Peshva) was investigated. The 
experiment was carried out as a factorial based on randomized block designs with three replications. At the end of study, 
growth characteristics and leaves sodium and chlorine content were determined. With increasing salinity, plant height and 
diameter, branches number and leaf chlorophyll index were decreased, but the leave necrosis and chlorine and sodium 
concentration were increased. Shoots fresh and dry weight were increased slightly when salinity increased up to 3 dS/m and 
thereafter decreased.. The lowest leaf abscission was found in Zaqe Sefid Yazd and Gabry Yazd when treated with 6 and 12 
dS/m. At 12 dS/m, the lowest leaf necrosis was found in Malas Esfahan, but at 6 dS/m, Zaq Sefid Yazd and Malas Esfahan 
showed the lowest decreasing percent respectively. At 9 and 12 dS/m Malas Saveh and Rabab Qermaz Shiraz showed the 
highest leave necrosis as compared to the control. In salinity of 6 and 12 dS/m, the Gabry Torosh Yazd and Malas Esfahan 
cultivars showed the lowest decreasing in chlorophyll leaf index respectively. The lowest chlorine and sodium accumulation 
at 12 dS/m was observed in Malas Toq Pishva and Zaq Sefid Yazd cultivars. 
 
Keywords: Chlorine, ion toxicity, leave necrosis, sodium. 
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Table 1. The physical and chemical properties of studied soil for rooted cuttings of eight pomegranate cultivars in 
Esfehan region.  

Unit  Value Property  Unit  Value  Property  
mg/Kg 709 K - 7.75  pH  
mg/Kg 0.64  Zn % 30  FC  
mg/Kg 10.23  Mg  % 7.25  PWP  
mg/Kg 5.01  Fe % 10.14  OC  
mg/Kg 1.23  Cu % 0.096  N 
Meq/L 4.53  Na  % 35  Silt  
Meq/L 7.19  Cl % 35  Clay 
ds/m  3.24  salinity % 30  Sandy 

      
- Clay Loam  Tissue 
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Table 2. The chemical properties of irrigation water for salinity treatment for rooted cuttings of eight pomegranate 
cultivars in Esfehan region.  

EC (ds/m) pH Na (mg/L) Cl (mg /L) Ca (mg /L) Mg (mg /L) K (mg /L) 
3 
6 
9 

12 

7.45 
7.84 
7.90 
8.20 

770 
1890 
2975 
3850 

1320 
3240 
5100 
6600 

1.98 
4.86 
7.65 
9.9 

66 
162 
255 
330 

5.09 
12.49 
19.66 
25.45 

  

  

  

  

  

  

  

  

  

  

  

  

  



274   :�����	� � ���� !"� #$% �&
� !� ��'() ��� �
��� ���*+ �,�- � !./ 0!�  ... 

 
  

����
 ����� ����  

a�	R� �����	7% ���&
 �� 8�+ T< :� a�*BQ� � ��!*B,� 

e+�/ 3	.f��� 3;����� 8�
 3� ���.' 3� H�+ 133 

:�� H�&\ =6!'. 3� �&s$+ �!7'&.  :� D&
 

)Q�
'�Q 8�7' 3� ��&
 � ����? a��p% !*%�G) �� �D�E 

���.'��� =9% ��	7% ��&
 ��
] =�&Q �� ZN �� 

����= !B�_���) 3 ,�) :�T$	 !� !B+ �N7��� ��Q�
 

T�, =s.O ��� ��&+ !sQ a�	R� .���!' =G5Q 

����= !B�_���) ZN ����� � ZN  �!E) :� #��: 

�� !� ��
] =�&Q ���7�N 8:��Q� '7!� �
 � +7PQ�7K 

3� =,� 8�+N 3� ��&$R �\�� &;�N)� =G" �!'�.� 

��M7+ ZN )6!m+ !� ���.' �� a&g em6 �
� 

3.7,&� y�!� j��+ 8:��Q� �!7' �
 3� �&s$+ K77p% 

��� � :�7Q �_�E ���7�N (In)� !B+���< U	R ���7�N 

(dn) 3G,�9+ .���!' U	R ���7�N �� 8��YB,� :� !B+���< 

ZN e
, a&\&_� )RAW( �� D�E 3/ :� =6�� � �:� 

�&mJ+ �!��� (Pb) =7pG% )+ �$/ � 3mJ;+ U	R 

3;�� �=E�� e��f 3G,�9+ )+ .�
�� !���*+ =�&g� 

)Q:� D�E �� 3b*Q =76!� 3R�M+ (FC) � )'�!+(< 

(PWP) ��!� K77p% ZN e
, a&\&_� ��&+ 8��YB,� 

��!f .=6!' :�7Q �_�E�Q ���7�N (Ig) �� 3 &% 3� 

��+�Q�� ���7�N 3/ 3B5� 3� -B57, ���7�N H��YB+ 

�=,� 3�  =,� .�+N K7$c	� 3� �&s$+ �!7'&.  :� 

^	?% �2	Q 3� ���*+ 15�\�� =76!� �3R�M+ ZN 

�!B;7� 3� ���.' �� 8��� ��
 3� �&g� 3/ 8: ZN :� 3% 

���.' �� j��E .���!' ��	7% ��&
 �� v$< lb, 

���
 ����) ���M6� �(2	Q 3� 6� 9 � 12 

),� T$	�: !� !B+ �� ZN ���7�N 3� a�
Q��� u�f�� 

I.BJ+ ��Q� e+�
) T.+ �8��, T.+ ���
Y\� Z��� M+!f 

�:�!7
 �!G' ��M� �!G' h!% ��M� |�: �7Y, ��M� |�: 

h!% �M� � T.+ }&g (�&;7< 8��� .�Q�
 2	Q ��!./ 

-��, ��&+ 8��YB,� �� K�� #��(< :� 2	Q 3]���� �� 

8�&� 3/ eGf :� 8��YB,� ��&+ M7_�QN ��!f =6!' a�� ) 3.( 

^G$+ ZN ���7�N :� ZN )Q�7+�
N !

 ��
Y\� K7+�% �
 

3/ M7_�QN ZN �!

 �� a��  4 8�+N .=,� �� K	C 

8�!	� ZN ���7�N �7� 3Q&' 3�Wr% ��&/ a&.9+) ()��WO 

3�  ��/8�!� .�;Q  

  

���� ������
  

����� ����  

 8��YB,� �� 8�7' !bf � !B+ �� D�E lb, :� 8�7' >�Y%��

)BQ�, �� 3.\�6 �� a�B7?�� T7_&/ :�  :� !%i�� �!B+

 ��	7% 8��� ����< K7$c	� � :�ON �� D�E lb,

) ��&
133 (#$% >�!
 :� T< :�� � �!7' 8:��Q�

.�Q�
 3G,�9+ �
QN H��Y%  ����< )R!6 3E�
 ���p%

	
 .�Q�
 h��	
 ��&
 #$% hM�� ���p% h��

 2;E � !% �:� K7$c	� � �#$% 8��� a&g �� 0!�

8:��Q� #��+:N 8��� ����< �� 8��5E�
  ��!� .�
 �!7'

8:��Q� 3Q&	Q �2;E �:� �!7'  ��3� �&g  �� 3Q�'�� 

=/�<  H�+ 3� �WO�/ ���48  ��+� �� =R�,75 

3 �� )BQ�,  :� 8��YB,� �� T�, � 2;E ��N �� ��!'

B7?�� ��:�!% !B+ �� )R!6 3E�
 a&g .�Q�
 �:� a�

8:��Q� #��+:N ����< � :�ON ��  K7� yFBE� � �
 �!7'

.�
 3G,�9+ ��+: �� K�� 

 
a��  3 .)E!� :� H�7\&mE )��7	7
 2	Q 3]���� ��&+ 8��YB,� =
  a�	R� #$% ��&
 3	.f ��!� =;� 8�
 ��� 3;�� ���

 -f�.��
Y\� 3*b$+ �� ��Q�  

Table 3. Some chemical properties of lake salt were used in salt stress treatment for rooted cuttings of eight 

pomegranate cultivars in Esfehan region.  
P K Ca Mg Na Cl Fe pb Ni Cr Cd Co 

(%) (mg/Kg) 

0 0.23 0.09 3 35 60 0 15 8 0 2 3 

  

a��  4 .H�7\&mE ZN ��&+ 8��YB,� =
  a�	R� #$% ��&
 3	.f ��!��
 ��� 3;�� ���.��
Y\� 3*b$+ �� ��Q� -f� =;� 8 

Table 4. Water properties was used for salt stress treatment for rooted cuttings of eight pomegranate cultivars in 

Esfehan region.  
EC 

(ds/m) 
pH 

Bicarbonate 

(meq/L) 
Chloride 
(meq/L) 

Sulfate 
(meq/L) 

Total anions 
(meq/L) 

Ca 

(meq/L) 
Mg 

(meq/L) 
Na 

(meq/L) 
Total cations 

(meq/L) 
0.38 6.9 3.2 3 0.6 6.8 2.8 1.2 2.8 6.8 
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�E�
 e76�!./ �� [,��� � ����< 8��� #$% K7� 

=R�, ��� 9 �% 11 lG\ �� 8��YB,� :� 8�PB,� 

8:��Q� �!7' �E�
 e76�!./ (SPAD) a�+ 502 

=E�, �&;/ K<�t u�?Q� .�
 K7$c	� �\�� :�!�Q 

0!� �� �� [,��� � ����< #$% 3� �&g 8���;+ �� � �� 

h�� 8!	Q )�� !Y\ �% 9 ),�!� � =G" .�
 !Y\  

��!� 0!���� ���� �:�!�Q  2� ��!� :�!�Q ).7E -/ 

!Y\) �% 10 �(�\�� 3, ��!� :�!�Q -/ )10 �% 

30�(�\�� v$< ��!� :�!�Q [,&B+ )30 �% 50�(�\�� 

=Y� ��!� :�!�Q ���: )50 �% 70 (�\�� � �� =��
Q 3Q 

��!� :�!�Q ).7E ���: )70 �% 90 (�\�� �� !sQ 

3B6!' .�
 

  

�����
� ! � ��" #��  

�� ����< #��+:N ��!� 8:��Q� �!7' !���*+ -��, � !./ 

�0!� �
$% �� �����	7% ���
 ) ���� ���M6� (2	Q � 

12 ),� T$	�: !� !B+ 0!� ��� !� 8�7' 3� �&g 

3Q�'��  �� ZN !b*+ 3B5
 8�
 � �� ��+�  

703 �� )BQ�, ��!' 3� H�+ 48 =R�, 2;E � T< 

:� ��
] :�� Z�7,N � ��&< .�Q�
 T�, �&� ��� 

-��, 0!� �� 8�PB,� -7.6 !B+&B6 a�+ K  �� =E�, 

�&;/ ��B5.PQ� � !���*+ !./ �� h�� �&7,�!B7% 

8:��Q� �!7' .�
   

  

$�% ����!�& � '�()� *+
+ �,  

K�� �+:N�# 3� H�&\ e��&B/�6 �� V_�f `!g D&.� ��� 

e+�/ 6��m%) �� 3, ��!�% 3� �! � �� .�+N �&B/�6 a�� >&Q 

-f� �� =;� lb, � �&B/�6 u�� ��	7% ��&
 �� v$< 

lb, .�&� ��!� !� lb, ��&
 =;� ���.' � �� !� ���.' 

2� 3	.f 3;�� ��� 8�
 =;/ .���!' T< :� ^	  ���N 

8��� �� 3�M?% TQ����� �� 8��YB,� :� u!Q ��M6�  SAS � 

35��*+ K7PQ�7+ ����	7% �� 8��YB,� :� u!Q ��M6� MSTATC 

� 3� h�� )/&% u�?Q� .�
   

  

>��?& � @1�  

-����
 *��.  

v��BQ 3�M?% TQ����� ��;Q ��� !"� e��*B+ ��	7% ��&
 

� -f� !� >�Y%�� 8�7' �� lb, a�	BL� 2� �\�� 

)$p+ ��� �
 a�� ) 5.( �� #��M6� =s.O -��,��!./ 

�� ZN ���7�N ��M7+ >�Y%�� 8�7' �� 3	� ��� -f� ��Q� 

#��/ =6�� a�� ) 6.( 3� ��&g 3/ �� ��&
 12 

),� T$	�: !� !B+ >�Y%�� 8�7' �� -f� ��� |�: �7Y, 

��M� �!G' ��M� T.+ �8��, |�: h!% ��M� T.+ 

���
Y\� �!G' h!% ��M� T.+ }&g �&;7< � Z��� 

M+!f :�!7
 3� V7%!% 65� 65� 2/63� 62� 4/53� 49� 

43� 41 �\�� =G5Q 3� ��	7% ���
 #��/ �=6�� �W_ 

-/ K�!% #��/ >�Y%�� �� lb, ��&
 12 ),� 

T$	�: !� !B+ S&�!+ 3� -f� ��� T.+ }&g �&;7< � 

Z��� M+!f :�!7
 .�&� �� lb, ��&
 9 

),� T$	�: !B+!� >�Y%�� 8�7' �� ��� -f� Z��� M+!f 

:�!7
 � �!G' �M� 3� V7%!% 20 � 5/16 �\�� #��/ 

>�Y%�� �� =G5Q 3� ��	7% ���
 ��;Q .��� �� ��&
 6 

),� T$	�: !B+!� �� -f� ��� T.+ ��
Y\� � T.+ 

}&g �&;7< 3� V7%!% 14 � 4 �\�� #��/ >�Y%�� 

=G5Q 3� ��	7% ���
 8���;+ .�
 K7$c	� �� ��&
 

3 ),� T$	�: !B+!� -f� ��� �!G' h!% �M� � |�: 

h!% �M� 3� V7%!% 16 � 6/2 �\�� #��/ >�Y%�� 

.�$B
�� �� >&	?+ -/ K�!% #��/ >�Y%�� �� 3 �&+ �� 

`&b, I.BJ+ ��&
 S&�!+ 3� -f� ��� T.+ }&g 

��&G;7< Z��� M+!f :�!7
 � �!G' �M� 8�&� .=,�   

:� �?QN 3/ 8���< �
� e\�L =7_�p6 ��� )%�7L 

�� )b��!
 =,� 3/ 8�7' )B5��� ZN )6�/ �� ��7BE� 

3B
�� ��
�� �� H�&\ u�R K7+q% ZN ��&+ :�7Q 8�7' 

#��/ ��;6 TQ�,t�&% a&., ��� �� a�L �
� � 

#��/ >�Y%�� �� )+ ��� )Munns & Tester, 2008.( 

�� 3.L!+ a�� #$% ��&
� #$% �M	,� }�Y%� 8��B6� 

� V &+ #��/ ��&B9+ ZN a&., �� 8�
 � e�&g 

��
 �N �� �� �� e�;+ 3��� �� )+ �$/� � 3� �&g� 3/ 

)BL T< :� ��?�� a��p% �M	,� � K7+q% ��;6 �M	,� 

��?+ �� a&., ��� h!B5' � e�&g ��
 �
QN 3� 

��$/ H�&\ )+ �!7' (Munns & Tester, 2008). 

El-Khawaga et al. )2013 (��;Q �Q��� 3/ ���7�N 

=9% ��&
 6 ),� T$	�: !B+!� �� -f� ��� ��Q� 

�)%&_�Y$+ Z�Q )+�P_� � a&6��Q�� 3� V7%!% 21� 7/25 

� 8/25 �\�� #��/ >�Y%�� �� =G5Q 3� ��&
 8/1 

),� T$	�: !B+!� 3� a�GQ� =
�� .=9% ��	7% �&
� 
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-��,��!./ �� 8/11 ),� T$	�: !B+!� �� ��Q� -f� 

)%&_�Y$+ 5 �\�� #��/ >�Y%�� =G5Q 3� ��	7% ���
 

8���;+ �
 (Mastrogiannidou et al., 2016). �+� �� 

�K� �#��(< �� `&b, �&
� !%i�� )$p� 12 

,�) :T$	�!�!B+ +��M7 #��/ >�Y%�� ���L 55 

�\�� =G5Q 3� ��	7% ���
 .�&�  

  

 a�� 5 TQ����� 3�M?% v��BQ . !"� )E!� !� -f� � ��&
 H�Y\3	.f );�����
Y\� 3*b$+ �� ��Q� 8�
 ��� 3;�� ���.  
Table 5. Results of variance analysis effect of salinity and cultivar on some vegetative traits of pomegranate rooted 

cuttings in Esfahan region. 
Mean of squares 

df 
Source 
of variation 

Leave  
necrosis 

Chlorophyll  
index 

Branches  
number 

Shoots  
dry weight 

Shoots fresh  
weight 

Leaf  
abscission 

Plant  
diameter 

Plant  
height 

0.13ns 3.39ns 1.07ns 7664.87** 23020.24** 113.63ns 0.35ns 165.85ns 2 Block 
6.77** 21.47* 1.42** 49298.13** 186579.28** 15113.8** 69.13** 6699.52** 4 Salinity 
1.02** 66.85** 0.95* 4703.84** 19797.82** 267.75* 11.55** 1655.9** 7 Cultivar 
0.23* 27.15** 0.27ns 7664.87ns 3461.07ns 339.41* 6.66** 634.41** 28 Salinity × cultivar 

       
 78 Erorr 

16.5 5.3 35 25.8 24.5 29 25.7 28.4  C.V% 

 � ** �*ns : H��Y% V7%!% 3�)$p+  a�	BL� lb, �� ���5  �1  �&GQ � �\��H��Y% )$p+ .���  
*, **, ns: Significantly difference at 5 and 1% probability level and non-significantly difference, respectively. 

  

 a�� 6 . K7PQ�7+ 35��*+ !"� e��*B+ )E!� !� -f� � ��&
 H�Y\3	.f ��
�3;�� ��� ��Q� 8�
 ��� ����
Y\� 3*b$+ .  
Table 6. Mean comparison intraction effect of salinity and cultivar on some vegetative traits of pomegranate rooted 

cuttings in Esfahan region. 
Plant height 

(cm) 
Plant diameter  

(mm) 
Leaf  

abscission 
Branches  
number 

Chlorophyll index  
(SPAD) 

Leave  
necrosis 

Salinity 
(ds/m) Cultivars 

51.67e-m 
56.33d-l 
56.67d-l 
61.33d-h 
18.00o 

5.25e-k 
6.48c-g 
6.90a-f 
5.55e-j 
2.14n-q 

26.66hi 
24.00hi 
29.66hi 
74.66b-e 
b-e 71.66 

2.76cde 
2.67cde 
1.67efg 
1.67efg 
3.00bcd 

54.87b-f 
54.33b-f 
53.13b-h 
47.20klm 
50.47f-1 

1.60ghi 
2.20defg 
2.50a-e 
2.20d-g 
2.70a-e 

0 
3 
6 
9 

12 

Zaqe-Sefid-Yazd 

74.00cde 
105.00ab 
71.00c-f 

50.33e-n 
42.00g-n 

6.74b-g 
3.35k-o 
6.15d-h 
3.13k-o 
3.11l-p 

16.66i 
22.33hi 
25.00li 
70.66b-e 
74.00b-e 

2.00d-g 
2.00d-g 
3.00bcd 
1.67efg 
1.00g 

53.77b-g 
53.00c-i 
53.60bg 
54.50b-f 
54.50b-f 

1.00i 

1.60ghi 

1.60ghi 

2.43a-f 

2.30b-f 

0 
3 
6 
9 

12 

Malas-Toq-Pishva 

69.33c-f 

54.00d-1 

59.67d-j 

36.67h-o 

32.33k-o 

5.68e-i 

5.13f-1 

5.99e-h 

2.94m-p 

1.00pq 

19.66i 

37.33ghi 

22.67hi 

65.66c-f 

87.00abc 

4.00ab 

4.00ab 
2.33def 

2.67cde 

2.00d-g 

52.20d-i 

50.27f-l 

54.63b-f 

47.37j-m 

49.40g-m 

2.20d-g 

2.20d-g 

2.70a-e 

2.90ab 

2.50a-e 

0 
3 
6 
9 

12 

Malas-Esfahan 

62.33d-h 

60.67d-i 

71.33c-f 

33.33j-o 

23.67no 

6.74b-g 

6.56c-g 

3.32k-o 

2.21n-q 

3.54j-n 

22.66hi 

22.00hi 

44.33fgh 

82.00a-b 

64.00c-f 

2.00d-g 

2.00d-g 

3.00bcd 

2.00d-g 

1.67efg 

51.60e-k 

55.70b-e 

56.60bcd 

57.30bc 

57.70b 

1.40hi 

1.40hi 

1.83fgh 

2.80a-d 

2.20d-g 

0 
3 
6 
9 

12 

Zaq-Torsh-Yazd 

70.67c-f 

91.00abc 

71.00c-f 

59.00d-k 

24.76mno 

7.30a-e 

6.64c-g 

6.65c-g 

8.42abc 

4.63g-m 

29.00hi 

39.00ghi 

28.00hi 

58.33efg 

63.33def 

3.00bcd 

2.67cde 

3.67abc 

3.67abc 

3.00bcd 

48.43i-m 

52.07d-i 

49.53g-m 

46.37lmn 

49.67g-m 

1.00i 

2.20d-g 

2.43a-f 

2.43a-f 

2.70a-e 

0 
3 
6 
9 

12 

Gabry-Yazd 

80.67bcd 

66.67c-g 

111.33a 

61.67d-h 

29.67l-o 

8.13a-d 

8.95a 

3.56i-n 

4.05h-n 

2.35n-q 

22.66hi 

30.00hi 

38.66ghi 

83.66a-d 

100.00a 

4.67a 

4.00ab 

4.67a 

2.67cde 

1.67efg 

56.07b-e 

50.80f-l 

49.27g-m 

53.40b-g 

48.57h-m 

1.00i 

2.10efg 

2.70a-e 

2.90a-b 

3.00a 

0 
3 
6 
9 

12 

Malas-Saveh 

57.67d-k 

44.33f-o 

24.67mno 

46.00f-n 

34.00i-o 

4.87fm 

5.81e-h 

5.18e-l 

3.55j-n 

0.75q 

22.00hi 

26.66hi 

68.00b-e 

58.66efg 

69.33b-e 

4.00ab 

2.67cde 

3.00bcd 

2.33def 

3.00bcd 

48.57h-m 

54.60b-f 

45.53l-m 

52.20d-i 

51.83e-i 

1.60ghi 

2.43a-f 

2.70a-e 

2.83abc 

2.80a-d 

0 
3 
6 
9 

12 

Rabab-Qarmz-Shiraz 

63.00d-h 

53.00e-l 

92.33abc 

70.33c-f 

32.00k-o 

8.82ab 

6.43c-g 

2.99m-p 

5.53e-j 

1.38opq 

24.33hi 

30.33hi 

35.00hi 

75.66b-e 

89.33ab 

3.67abc 

3.00bcd 

1.33fg 

2.00d-g 

1.33f-g 

51.83e-i 

50.27f-l 

63.54a 

43.03n 

52.77c-i 

1.00i 

1.60ghi 

2.23c-f 

2.43a-f 

2.63a-e 

0 
3 
6 
9 

12 

Gabry-Torosh-Yazd 

��;Q �&B, !� �� D!B;+ y�!L  8�$���&GQ H��Y% )$p+  a�	BL� lb, �� ���5 )+ �\�� .�
��  
Means within a column followed by the same letter are not significantly difference at p<0.05. 

  

  

  

  

  

  



   u&.R)Q�GO�� ��!�� ����� 53��	
 �� 1 � ��
�1401  277 

 
  

�/0 *��.  
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)$p+ ��� .�&� 35��*+  K7PQ�7+  8��� �� ��;Q ��� 3/ �� 

)g 8��� a�	R� #$% ���&
 �� #��M6� =s.O ��!./ 

-��, �� ZN ���7�N �� )+�	% u�f�� ��M7+ !bf 8�7' 

#��/ =6�� a�� )6.( �� ��&
 12 ),� T$	�:  !� 

!B+ !bf 8�7' �� -f� ��� Z��� M+!f �:�!7
 �!G' 

h!% ��M� T.+ ���
Y\� T.+ �8��, |�: �7Y, ��M� 

T.+ }&g ��&G;7< |�: h!% �M� � �!G' �M� 3� 

V7%!% 6/84� 3/84� 4/82� 71� 59� 5/53� 5/47� 

5/36 �\�� #��/ �� =G5Q 3� ��	7% ���
 ��;Q .��� 

�� 3?7BQ -/ K�!% #��/ !bf �� K�� lb, ��&
 

S&�!+ 3� -f� ��� �!G'�M� � |�:h!% �M� .�&� 

K7$c	� �� ��	7% ��&
 9 ),� T$	�: !B+!� -/ K�!% 

#��/ !bf S&�!+ 3� -f� ��� �!G'h!%�M� � 

Z��� M+!f :�!7
 �&� 3/ 3� V7%!% 3/37 � 27 �\�� 

#��/ !bf =G5Q 3� ��	7% ���
 �� ��;Q .�Q��� �� 
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�Z�� M+!f :�!7
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#��(< Khoshbakht et al. )2015 (h��M' �Q�!/ 
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� ��� 6� 9 � 12 

,�) T$	�:  !� !B+ 3� %!%V7 62/290� 75/223 � 
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8/32 � 4/50 �\�� #��/ ��;Q .��� �� �&
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,�) T$	�: !B+!� �:� !% 8��5E�
 80/388 u!' �&� 3/ 

2/14�\�� =G5Q 3� '����7 ���
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Y\� � T.+ }&g <�&;7 3� %!%V7 �� 
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 �� �&
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+K7PQ�7 ��� 45/121 � 44/122 u!' -/ K�!% �:� 

2;E E�
58�� �� 3� �&E ��mBE� �Q��� a�� ) 8(.   

K�� v��BQ )/�L :� �N =,� 3/ -f� �!G' �M� � 

�p� :� �N -f� ��� �!G' h!% ��M� T.+ 8��, � |�: 

�7Y, �M� �� [��!
 a�	R� #$% ��&
 H�7\&mE 

��
� �&E �� !B
� �YL 8�!/ � e	9% �
QN =G5Q 3� 

#$% ��&
 :� !��, -f� ��� ��&+ ),�!� !B;7� 8�&� 
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u�f��) K;7+ � (��: �� #��M6� lb, ��&
 :� 4 3� 16 
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� 4 ),� T$	�: !� !B+ #��M6� �:� !% h& �< ��Q� 
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 �� .��� ��;Q #��M6�9 

),�  T$	�: -f� �� !B+ !�  |�: ��M� h!% �!G' ���

 ��M� �!G' � 8��, T.+ ���
Y\� T.+ ��M� �7Y,

K7PQ�7+ �� V7%!% 3� 0!� e76�!./ �E�
 ���

03/43 �2/47 �37/47 �4/53  �37/46  3/ �
 8���

7/16 �4/13 �2/9 �7/4  �2/4  =G5Q �� #��/ �\��

 ��	7% 3�.��� ��;Q ���
  

  
 a�� 7 .K7PQ�7+ 35��*+ 3	.f );��� H�Y\ )E!� !� ��&
 !"�.��
Y\� 3*b$+ �� ��Q� 8�
 ��� 3;�� ���  

Table 7. Mean comparison effect of salinity on some vegetative traits of pomegranate rooted cuttings of in Esfahan 
region.  

Shoots fresh weight (g) Shoot dry weight (g) Branches number Salinity (ds/m) 

333.45ab 

388.8a 

290.62b 

223.75c 

165.32d 

175.80a 

198.59a 

140.24b 

113.03bc 

86.93c 

1.75ab 

2.0a 

2.04ab 

1.91ab 

1.58b 

0 
3 
6 
9 

12 
��;Q �&B, !� �� D!B;+ y�!L  8�$���&GQ  H��Y%)$p+  a�	BL� lb, �� ���5 )+ �\��  .�
��  

Means within a column followed by the same letter are not significantly difference at p<0.05.  

  
 a�� 8 .!� -f� � ��&
 e��*B+ !"� K7PQ�7+ 35��*+ 3;�� ��� 3	.f �� )R!6 ��� 3E�
 ���p% � 8��5E�
 2;E � !% �:�  ���


8�  ��Q� �� .��
Y\� 3*b$+  
Table 8. Mean comparison intraction effect of salinity and cultivar on shoot dry and fresh weight of pomegranate 

rooted cuttings in Esfahan region. 
Shoots fresh weight 

(g) 
Shoots dry weight 

(g) 
Branches number Cultivars 

281.18ab 

253.51b 

248.08b 

241.93b 

354.53a 

286.46ab 

275.87b 

301.33ab 

142.87ab 

132.01ab 

122.44b 

121.45b 

172.77a 

146.04ab 

142.95ab 

159.83ab 

1.66a 

1.53a 

2.00a 

1.73a 

1.80a 

2.20a 

2.20a 

2.06a 

Zaqe-Sefid-Yazd 
Malas-Toq-Pishva 
Malas-Esfahan 
Zaq-Torsh-Yazd 
Gabry-Yazd 
Malas-Saveh 
Rabab-Qarmez-Shiraz 
Gabry-Torosh-Yazd 

��;Q �&B, !� �� D!B;+ y�!L  8�$���&GQ  H��Y%)$p+  a�	BL� lb, �� ���5 )+ �\��  .�
��  
Means within a column followed by the same letter are not significantly difference at p<0.05. 
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!B7_ )8/9 ),� T$	�: !� (!B+ ��	7% 8�
 �Q�&� 

-/ K�!% ��M7+ �E�
 e76�!./ 0!� �� u���� �� ��;Q 

�Q��� .(Momenpour et al., 2015) �� #$% ���&
 

)%iFBE� �� ZW  �!\�$R e�+ -�M7$+ � K�N 3/ �� 

=E�, e76�!./ #*Q ),�,� ��Q��� }�Y%� )+ �B6� � �� 

#��/ ZW  �
QN MB$, e76�!./ � �� 3?7BQ MB$,&B6 

8�7' #��/ )+ ���� )Munns, 2002(.   

  

���9� #�� �+ ����: *��+ ;<� ����  

v��BQ 3�M?% TQ����� 8��� �� a�� ) 5( ��;Q ��� 3/ 

!"� e��*B+ �����	7% ��&
 � -f� ��� :�!�Q 0!� �� 

lb, a�	BL� v$< �\�� �� ����< 8��� #$% )$p+ ��� 

.�
 �� #��M6� ��!./ -��, �� ZN ���7�N �\�� :�!�Q 

0!� ����<�� #$% �� K7� -f� ��� ),�!� �8�
 

#��M6� =6�� a�� ) 6.( ��M7+ :�!�Q 0!� �� ����< 

#$% ���&
 �� ��&
 12 ),� T$	�: !� !B+ �� 

-f� ��� T.+ �8��, �!G' ��M� �!G' h!% ��M� T.+ 

}&g ��&G;7< Z��� M+!f �:�!7
 |�: �7Y, ��M� |�: 

h!% ��M� � T.+ ��
Y\� 3�  V7%!% 6/66� 63� 62� 

5/56� 43� 7/40� 3/36 � 12 �\�� #��M6� �� =G5Q 

3� ��	7% ���
  ��;Q .��� -f� ��� T.+ �8��, �!G' 

h!% ��M� �!G' ��M� T.+ }&g ��&G;7< |�: h!% 

��M� Z��� M+!f �:�!7
 |�: �7Y, �M� � T.+ ��
Y\� �� 

��&
 9 ),� T$	�: !� !B+ 3� V7%!% 5/65� 59� 59� 

59� 50� 43� 27 � 24 �\�� #��M6� �� =G5Q 3� ��	7% 

���
 ��;Q .�Q��� �� ��	7% ��&
 6 ),� T$	�: !� !B+ 

-f� ��� T.+ �8��, �!G' ��M� �!G' h!% ��M� Z��� 

M+!f �:�!7
 T.+ }&g ��&G;7< |�: �7Y, ��M� |�: h!% 

�M� � T.+ ��
Y\� 3� V7%!% 62� 59� 55� 41� 37� 36� 

24 � 18 �\�� #��M6� �� =G5Q 3� ��	7% ���
 .�$B
�� 

#��M6� 54� 52� 37� 37� 34� 27 ��\�� =G5Q 3� 

��	7% ���
 3� V7%!% �� :�!�Q 0!� -f� ��� �!G' ��M� 

T.+ �8��, �!G' h!% ��M� T.+ }&g ��&;7< Z��� 

M+!f :�!7
 � |�: �7Y, �M� �� ��&
 3 ),� T$	�: 

!B+!� }�Y%� .��B6� �� K7	� lb, ��&
 -f� ��� |�: 

h!% �M� � T.+ ��
Y\�  �� ��&
 3 ),� T$	�: 

!B+!� �7� 3Q&' );��M6� �� �� ��M7+ :�!�Q 0!� =G5Q 3� 

���
 ��;Q .�Q���Q   

UGg v��BQ 3.\�L �� #��M6� =s.O -��,��!./ �� 

ZN ����7�N :�!�Q 0!� �� [,��� � ����< #$% #��M6� 

.=6�� K�� v��BQ �� 3B6�� ��� !P�� ���**9+ 3/ �� #��M6� 

=s.O ��&
 �� ZN ����7�N :�!�Q 0!� #��M6� 3B6�� 

=*��b+ ���� )Momenpour et al., 2015.( �� #��M6� 

lb, ��&
 :�!�Q 0!� �� -f� ��� T.+ ���
Y\� |�: 

h!% ��M� |�: �7Y, �M� � Z��� M+!f :�!7
 =G5Q 3� 

!��, -f� �� #��M6� -/ �!% =
��.  
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a�	BL� 2� �\�� !� ���*+ -��, � !./ 0!� )$p+ ��� 

�
 )a��  9(. #7� K�!% =s.O !./ 0!� �� ��&
 

12 ),� T$	�: !B+!� �� -f� ��� T.+ �8��, �!G' 

h!% �M� � �!G' �M� 3� V7%!% �� K7PQ�7+��� 

85/112� 01/87 � 44/78 ).7+ u!' �� u!'&.7/ 

8���;+ �
 a�� ) 10.( -/ K�!% =s.O !./ 0!� M7Q 

�� ��&
 12 ),� T$	�:  !� !B+ �� -f� ��� T.+ 

}&g �&;7< � |�: �7Y, �M� 3� V7%!% �� K7PQ�7+��� 

72/46 � 82/59 ).7+ u!' �� u!'&.7/ 8���;+ .�
  

�� K7	� lb, ��&
  #7� K�!% ��M7+ -��, 0!�  

�� -f� ��� T.+ �8��, �!G' h!% �M� � �!G' �M� 

3� V7%!% �� K7PQ�7+��� 50/418� 95/337 � 15/323 

).7+ u!' �� u!'&.7/  �� .=
�� -f� ��� T.+ }&g 

�&G;7< � |�: �7Y, �M� �� ��&
 12 ),� T$	�:  !� 

!B+ 3� V7%!% �� K7PQ�7+��� 49/141 � 88/198 

).7+ u!' �� u!'&.7/ -/ K�!% =s.O -��, 0!� �� 

��;Q .�Q��� �� #��M6� =s.O ���&
 ^	?% �&� ��� 

!./ � -��, �� 0!� u�f�� ��Q� #��M6� �=6�� )_� 

^	?% K�� �&��� �� 0!� -f� ��� T.+ }&g �&;7< � 

|�: �7Y, �M� �� lb, ��&
 12 ),� T$	�: !B+!� 

�� 35��*+ �� !��, u�f�� !B	/ 8�&� .=,�   

 �� v��BQ K��3B6��  ^	?% 3/ ��**9+ !P�� ���

�&�  =s.O #��M6� �� ��Q� �� 0!� -��, � !./ ���

 =*��b+ ��Q�!/ 8���;+ ���7�N ZN �� -��,��!./

) ����Mastrogiannidou et al., 2016; Karimi & 

Hasanpour, 2014 -��, �&� ^	?% M7Q �&B�: �� .(

3;�� �� 0!� 3� -��, a�*BQ� ��
+ � ��  3� �� ��&$R

 D�E [79+ �� ��&
 !� 3G.O ��!� !"n+ ��/�:�,

) =,� 8�
 3BE�$
Chartzoulakis, 2005 .( K7**9+

-f� �� 3/ �Q�!/ h��M'  !7?Q� ��&
 3� d�5L ���

#J� 3� -��, ���&
 �i�� `&b, ��  e*B$+ )��&�

0!� �� � 3Q�;Q :�!� V &+ � ^	?% ��  =7	, ���

)+ ) �&
Zarei et al., 2016 .(H��Y%  K7� )�7BQt ���

3Q&' -f� � ��  :� !./ � -��, ZW  ��!/ ���9+ �� ��

 )	
+ e+�R �)�&] �Q�N 3� �&� a�*BQ� #��/ �� �D�E

�&� �N ^	?% #��/ �� ) =,� 0!� �� ��Munns & 

Tester, 2008 a�*BQ� �� ��&
 3� e	9B+ ����7' .(

 ����7' :� )��&� #J� 3� !./ � -��, !B	/ ����

 d�5L)+ M��	B+ ) �Q&
Fernández, 2014; Munns, 

2002 .(-f� #��(< K�� ��  � �&G;7< }&g T.+ ���

-/ �M� �7Y, |�:  �� �� 0!� !./ � -��, =s.O K�!%

��&
 lb, 12 ),� T$	�:  .�Q��� ��;Q !B+!�  

  

 a�� 9 . -f� � ��&
 !"� TQ����� 3�M?% v��BQ � !./ ��M7+ !�

3	.f 0!� -��, 3;�� ���  ��Q� 8�
��� ����
Y\� 3*b$+.  
Table 9. Results of variance analysis effect of salinity and 

cultivar on leaf sodium and chlorine content of pomegranate 

rooted cuttings in Esfahan region. 

Mean of squares   

Na Cl df Source of variation 

1647.40ns 289.19** 2 Block 
869023.46** 39749.2** 1 Salinity 
11565.45** 605.8** 7 Cultivar 
11392.01** 552.55** 7 Salinity × Cultivars 

603.956 60.53 30 Eerorr 
17.6 16.8  C.V% 

 � ** �*ns : H��Y% V7%!% 3�)$p+  a�	BL� lb, �� ���5  �1  �&GQ � �\��

H��Y% )$p+ .���  
*, **, ns: Significantly difference at 5 and 1% of probability level 

and non-significantly difference, respectively. 

  

 a�� 10 . -f� � ��&
 !"� K7PQ�7+ 35��*+ � -��, ��M7+ !�

0!� !./ 3	.f ��3;�� ���  ��Q� 8�
 ��� �� .��
Y\� 3*b$+  
Table 10. Mean comparison interaction effect of salinity 

and cultivar on leaf sodium and chlorine content of 

pomegranate rooted cuttings in Esfahan region. 
Cl 

(mg\kg) 
Na 

(mg\kg) 
Salinity 

(ds/m) Cultivars 

18.12f 

59.82df 
4.85e 

198.88c 
0 

12 Zaqe-Sefid-Yazd 

15.07f 

46.72e 

3.73e 

141.49d 

0 
12 Malas-Toq-Pishva 

17.61f 

68.30cd 

3.37e 

235.36c 

0 

12 Malas-Esfahan 

17.20f 

75.91bc 

4.37e 

292.72b 

0 
12 Zaq-Torsh-Yazd 

17.30f 

78.44bc 

3.99e 

323.15b 

0 
12 Gabry-Yazd 

16.24f 

112.85a 

3.97e 

418.50a 

0 
12 Malas-Saveh 

16.88f 

71.49cd 

3.73e 

240.43c 

0 
12 Rabab-Qarmez-Shiraz 

21.67f 

78.01b 

7.24e 

337.95b 

0 
12 Gabry-Torosh-Yazd 

��;Q �&B, !� �� D!B;+ y�!L  8�$��H��Y% �&GQ )$p+  lb, �� ���

 a�	BL�5 )+ �\��  .�
��  
Means within a column followed by the same letter are not significantly 
difference at p<0.05. 

  

')�?� ���. ��"  

�� a�	R� #$% �&
� � �M6�#� =s.O �N �� ZN �N����7 

�E�
 ��� �
� ��);� a�
Q ��� ��Q� e+�
 >�Y%�� � 

!bf �8�7' �:� !% � 2;E �8��5E�
 ���p% 3E�
 ��� 

.\�) � R!6�) a&g 3E�
 R!6) � �E�
 6�!./e7 0!� 
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�� [,��� � �<��� #$% �� u�	% -f� ��� 3p_�b+ �8�
 

#��/ ��$B6�� �� e��*+ +��M7 !�Q:� 0!� �� [,��� � 

�<��� �#$% ���p% �hM� 0!� � QM7 ^	?% �&� ��� !./ � 

�,-� 0!� �M6�#� �$B6��. �\�� #��/ �)'(� ��� 

��);� � 	��&b$7 +��M7 :�!�Q �0!� � ^	?% !\�$R 

�,-� � !./ 0!� �&b� $p+) ���� 3B5��� 3� -f� ��Q� .�&� 

3� �&g ./) -f� ��� !G'� �M� � |�: Y,�7 �M� e	9% 

��!B;7 3� `&b, I.BJ+ �&
� ��;Q .�Q��� �K� -f� �� 

3� �&E) �$B5Q�&% �% �&
� 3 � 6 ,�) T$	�: !B+!� �� 

e	9% � #��/ �
� ��);� 	/) �� ��;Q �$��. -f� 

T.+ ��
Y\� e	9% -/ �!% 3� `&b, I.BJ+ ��&
 �� 

35��*+ �� !��, u�f�� 3p_�b+ 8�
 ��Q� ��;Q .���  

  
REFERECNES 
1. Ahmad, M.S., Ashraf, M. &  Ali, Q. (2010). Soil salinity as a selection pressure is a key determinant 

for the evolutionof salt tolerance in blue panic grass (Panicum antidotale Retz.). Flora, 205, 37-45. 

2. Allakhverdiev, S.I., Sakamoto, A., Nishiyama, Y., Inaba, M. & Murata, N. (2000). Ionic and osmotic 

effects of NaCl-inactivation of photosystems I and II in Synechococcus spp. Journal of Plant 

Physiology, 123, 1047-1056. 

3. Anonymous. (2013). Land survey studies and the strategic document of development of Isfahan 

province. Environmental Assessment of Territory. 672 pages. Esfahan. (in Farsi).   

4. Anonymous. Ministry of Energy. (2015). Office of planning for water and water resources of the ministry 

of energy. Iran Water Statistical Yearbook 2011-2012 from http://www.moe.gov.ir. (in Farsi) 

5. Ashraf, M. & Harris, P.J.C. (2005). Abiotic stresses: Plant resistance through breeding and 

molecular approaches. Haworth Press, New York. 

6. Chartzoulakis, K. (2005). Salinity and olive: growth, salt tolerance, photosynthesis and yield. 

Agricultural Water Management, 78, 108-121. 

7. Doulati Baneh, H. (2016). Salinity effects on plant tissue nutritional status as well as growth and 

physiological factors in some cultivars and interspecies hybrids of grape. Iranian Journal of 

Horticultural Science, 47(1), 33- 44. (in Farsi). 

8. El-Agamy, S.Z., Mostafa, R.A.A., Shaaban, M.M. & El-Mahdy, M.T. (2010). In vitro salt and 

drought tolerance of Manfalouty and Nab El-gamal pomegranate cultivars. Australian Journal of 

Basic and Applied Sciences, 4 (6), 1076-1082. 

9. El-Khawaga, A., Zaeneldeen, S.E.M. & Youssef, M.A. (2013). Comparative responses of three 

pomegranates (Punica granatum L.) varieties to salinity. In: Proceedings of Basic and Applied 

Sciences. 454-469. 

10. Fernández, J. (2014). Understanding olive adaptation to abiotic stresses as a tool to increase crop 

performance. Environmental and Experimental Botany, 103, 158-179.  

11. Ferreira-Silva, S.L., Silveira, J., Voigt, E., Soares, L. & Viegas, R. (2008). Changes in physiological 

indicators associated with salt tolerance in two contrasting cashew rootstocks. Brazilian Journal of 

Plant Physiology, 20(1), 51-59. 

12. Jafari R. & Bakhshandehmehr L. (2014). Analyzing the spatial variations of ground water salinity 

and alkalinity in Isfahan province using geostatistics. Journal of Water and Soil Science, 18(68), 183-

195. (in Farsi). 

13. Kafi, M. & Khan, M.A. (2008). Crop and forage production using saline waters. Daya Publishers, 

New Delhi, India. (in Farsi) 

14. Karimi, H. R. & Hasanpour, Z. (2014). Effects of salinity and water stress on growth and macro nutrients 

concentration of pomegranate (Punica granatum L.). Journal of Plant Nutrition, 37, 1937-1951. 

15. Khan, M.A. (2001). Experimental assessment of salinity tolerance of Ceriops tagal seedlings and 

saplings from the Indus delta, Pakistan. Aquatic Botany, 70, 259-268. 

16. Khoshbakht, D., Mirzaei, M. & Ramin, A.A. (2015). Effects of salinity stress on gas exchange, 

Growth, and nutrient concentrations of two citrus rootstocks. Journal of Crop Production and 

Processing, 4 (14), 35-47. (in Farsi). 

17. Koyro, H.W., Hussain, T., Huchzermeyer, B. & Ajmal Khan, M. (2013). Photosynthetic and growth 

responses of a perennial halophytic grass Panicum turgidum to increasing NaCl concentrations. 

Environmental and Experimental Botany, 91, 22e29. 

18. Leshm, O., Galeshi, S. & McKerry, B. (2011). Stress and its management in plants. Gorgan 

University of Agricultural Sciences and Natural Resources. (in Farsi) 

19. Mahmoodi, F., Jafari, R., Karimzadeh, H.R. & Ramezani, N. (2015). Soil salinity mapping using 

satellite TM and field data in Southeastern Isfahan. Journal of Water and Soil Science, 19 (71), 31-

45. (in Farsi). 



   u&.R)Q�GO�� ��!�� ����� 53��	
 �� 1 � ��
�1401  283 

 
20.  Malakouti, M.J. & Homaee, M. (2004). Soil fertility of arid and semi-arid regions difficulties and 

solutions. Tarbiat Modares University, Tehran. 518p. (in Farsi). 

21. Mastrogiannidou E., Chatzissavvidis C., Antonopoulou C., TsabardoukasV., Giannakoula A. & 

Therios I. (2016). Response of pomegranate cv. wonderful plants tο salinity. Journal of Soil Science 

and Plant Nutrition, 16 (3), 621-636. 

22. Momenpour, A., Bakhshi, D., Imani, A. & Rezaie, H. (2015). Effect of salinity stress on growth 

characteristics and concentrations of nutrition elements in almond ‘Shahrood 12’, ‘Touno’ cultivars 

and ‘1-16’ genotype budded on GF677 rootstock. Journal of Agriculture, 17(1), 197-216. (in Farsi).  

23. Moneni, A. (2010). Geographic distribution and salinity levels of Iranian soil resources. Iranian 

Journal of Soil Research, 24(3), 203-215. (in Farsi).  

24. Munns, R. & Tester M. (2008). Mechanisms of salinity tolerance. Annual Review of Plant Biology, 

59, 651-681. 

25. Munns, R. (2002). Comparative physiology of salt and water stress. Plant Cell Environment, 25, 239-250. 

26. Nie, Q.J., Wang, Z.G., Ren, Z.B. & Huang, D.Z. (2011). Effect of salt stress on the physiological and 

photosynthetic characteristics of Weigela florida. Frontiers of Agriculture in China, 5, 655-661. 

27. Okhovatian-Ardakani, A.R., Mehrabanian, M., Dehghani, F. & Akbarzadeh, A. (2010). Salt tolerance 

evaluation and relative comparison in cuttings of different pomegranate cultivars. Plant Soil 

Environs, 56 (4), 176-185. 

28. Seilsepour, M., Golchin, A. & Roozban, M.R. (2016). Evaluation of salt tolerance in two olive 

rootstocks based on growth characteristics and regression analysis to salinity. Journal of Soil 

Management and Sustainable Production, 6(2), 83-100. (in Farsi). 

29. Shirdeli, A. & Tahmasebi, A. (2013). The Effect of salinity of irrigation water and application of 

nitrogen on resistance, yield and water use efficiency of Pomegranate. Journal of Irrigation Science 

and Engineering, 36, 33-44. (in Farsi). 

30. Sudhir, P. & Murthy, S.D.S. (2004). Effects of salt stress on basic processes of photosynthesis. 

Photosynthetica, 42, 481-486. 

31. Zarei, M., Azizi, M., Rahemi, M. & Tehranifar, A. (2016). Assessment of salinity tolerance of three 

fig cultivars based on growth and physiological factors and ions distribution. Iranian Journal of 

Horticultural Science and Technology, 17 (2), 247-260. (in Farsi). 

  

 


