
 ���� ���	
���
��
  

 ����53 ���	
 �2 � 
������1401  �)438-423(  

Iranian Journal of Horticultural Science 

Vol 53, No 2, Summer 2022 (423-438) 
DOI: 10.22059/ijhs.2021.322320.1919  

  

 

* Corresponding author E-mail: mitraaelaei@gmail.com   

:������ ����� 

������ ��	 
���� 
�� ����� 
�� ���� ���� ��� �� ������ ��  �� !�"� ��#  

)Brassica oleraceae L.(  

  

��&'	 	����1*�*�+, - �".�/2 -��	�+� �1���3  ��3�4 �3�� 56"�4  

1 �2 �3  �4. 	
��

�� � ��	� ��
��	
� ���
�� ������� �	
������ ��	�
�� �������� �
��� �
 ��������� ��
��� � .  
 :�
"# ��45371-38791  

:)*
�	� +�	
,) 3/2/1400 - :0��1# +�	
, 15/6/1400(  
  

� �89  

 	�4�5 67689
:5 ;<,�� �
�
7� 
= >? �7@��A
 �B����7 � �C�9�*	�5 � DE��
�� 	�� F�, )G,�� 
5�H��� 	�
�
* A	�@ 67�I  J9
K 	�
LM5
� N�O *�
>,� ��P ��Q� 	���, 6� 	���. ,�
=	
B 	�� I5
��  	�6� ) R:�4  �8 �=
� � �
5 �7 S�B�� ��� (�	�� T�U)  �

�
�
7� 
=� VE, T�U) R:� 6� 	� ��	 W�G5��R Pseudomonas putida  �Bacillus subtilis��7 (.�� �	 A
X@��� P��
  I5
� �6,�7 Y
X,	�
�, ��� �Z�7 ���8, �, ��� �Z�7 [�? �  6,�7 [�? � �	��6� �\*� 
7�F 5���\ 	�� F�,�� �85 F=
�� 	��� , 67 )]"��	
B ��=
  �
��

VE, � ������R �
�
7 
7� 
=� 67 ��	 W�G5 ,�# ^
��5���� _�>?���� � ��] 7̀ JQ�5�a ��P A
X@��9
8* .�) 
�H� "������� � I�*  
7 I�
�\*��F 	���� �\*��F �)*
� �
�H � I�* ��\�5 a��
��7 6� �	�O 67 	� ����"��	
B�, 8 S�B�� ��� �
5 �7  J�,�, 67) mg/g FW 08/1 � 

μmol/g FW52/62b�O �� .�� ��=
�5 ( � �� �
�
7 �� ��
X
���  �
7�^�E 5 )"���,���\ I� I�* �
�H �����"�� 	�� 
7 I7
V, 	� �	� 
�\*��F �=� )mg/g FW08/1  �μmol/g FW78/62(5 .���\ 9��#�a � Z�7��\  ���[ �\*� ���	��� 	�� F�, cE
d5 N�:� 	��  	��	�?�7
��7 � 7�F��,a 5���\ �,e
7 	� �H�a 	�� F�, R:� ��
�
7 ��7	
� �� �
7�^�E 
7���E�S ��P ��=
�5���
�
7 I7
V
5 �;� .� 	�� F�, ��� 

�� �>�U fB�,�D �\*� JQ�5 � F=
� �	�F 5���\ �

# �>�U�D ��P��

� .�g ��a 
5�H�F �
�
7 ��� �
��� 
=� 67 ���	 W�G5  _�>?
�
�
7� ,�# ^
��5������� �
� A	
"? F=
� JQ�5� 	�� F�, ��� P 	���
 � DE��
�� 5� ����.   

  
�:	�  ��#:� ��� .���,�# ^
��5���� ��	�� F�, �a�9��# �S�E�
7�� ^�E��
7  

  
  

Effects of plant growth promoting rhizobacteria on salinity tolerance of 
ornamental cabbage (Brassica oleraceae L. cv. Kamome) 

 
Mitra Aelaei1, Fahimeh Salehi2, Morteza Bahrami3 and Mohsen Sanikhani4  

1, 2, 3, 4. Associate Professor, Ph. D. Student, M. Sc. and Assistant Professor, Faculty of Agriculture, University of Zanjan, Zanjan, 
Iran, Postal Code: 45371-38791. 

(Received: May 20, 2021 - Accepted: Sept. 06, 2021) 
 

ABSTRACT 

In order to study the morphologies and biochemistry of ornamental cabbage under salt stress, a factorial experiment was 
carried out based on completely randomized design in three replications. The treatments included salinity at three levels (4 
and 8 dS.m-1 and control (no salinity) and growth stimulating bacteria at three levels (no inoculation Pseudomonas putida 
and Bacillus subtilis). Plant growth characteristics, including plant height, number of leaves, fresh and dry weight of leaves, 
fresh and dry weight of plant and root, showed a significant decrease compared to the control treatment with increasing 
salinity stress, and inoculation with growth-promoting bacteria, especially Pseudomonas putida, improved these attributes. 
Antioxidant activity and total phenol increased with increasing salinity, so that the highest amount of phenol and antioxidant 
was observed at treatment 8 dS/m (1.08 mg/g FW and 62.52 μmol/g FW, respectively). On the other hand, the use of 
Bacillus bacteria could increase the amount of total phenol and antioxidants in contrast with salinity (1.08 mg/g FW and 
62.78 μmol/g FW). The amount of proline in leaves also had an increasing trend at different levels of salinity stress, and its 
highest level was observed at the highest level of salinity stress and the application of Bacillus subtilis bacteria. The 
interaction between bacteria and salinity stress reduced the accumulation of sodium element and increased the amount of 
potassium element. The results of this experiment showed that growth-promoting bacteria, especially Pseudomonas putida 
bacteria, reduce the damage caused by salt stress in ornamental cabbage plants. 
 

Keywords: Bacillus subtilis, proline, Pseudomonas putida, salinity stress. 
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U�)S 1.  k���9 b9����� ,�HX� [�LR �;"� "� %"�$�� � %�/
 -.� "#���.�5 34$ ���^/>/�H1K/K�/(.   

Table1. Results of variance analysis effect of salinity stress and bacteria on some morphophysiological traits of Brassica 
oleraceae L.  

Mean squares 

df Source of variation 
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74.51** 31.43** 799.07** 0.54* 4.92ns 0.36** 27.01** 1689.34** 85.47** 2 Salinity stress 
44.36** 0.51ns 76.98ns 1.33** 16.81**

 
0.001 ns 0.25** 49.23** 20.92** 2 Bacteria 

14.25** 18.25** 577.93** 1.70** 17.78** 0.002** 0.72** 34.14** 12.43** 4 Bacteria×Salinity stress 
37.30 0.68 33.10 0.13 1.61 0.0003 0.01 3.21 0.94 18 Error 
8.53 8.16 9.06 13.59 14.93 3.71 2.89 3.42 3.34 - C.V (%) 

ns�.M( [��L� �/?9 :1�"� ,� ** �* ��.M( [��L� � ���  U�	�Q� gCI �� ���5  �1 .)R��  
ns, *, **: Non-Significantly difference and significantly different at 5 and 1% of probability levels, respectively. 

  
 U�)S2.  A1@9�1( ,���+(-.�	�"�  "� %"�$�� � %�/
 -.� �;"���.�5 34$ ���^/>/�H1K/K�/( [�LR.  

Table 2. Mean comparison interaction effect of salinity stress and bacteria on morphophysiological traits of Brassica 
oleraceae L. 

R
oo

t l
en

gt
h 

 
(c

m
) 

P
la

nt
 d

ry
 w

ei
gh

t  
(g

) 

P
la

nt
 f

re
sh

 w
ei

gh
t (

g)
 

R
oo

t d
ry

 w
ei

gh
t (

g)
 

R
oo

t f
re

sh
 w

ei
gh

t (
g)

 

L
ea

f 
dr

y 
w

ei
gh

t  
(g

) 

L
ea

f 
fr

es
h 

w
ei

gh
t  

(g
) 

N
um

be
r 

of
 le

av
es

 

P
la

nt
 h

ei
gh

t (
cm

) 

B
ac

te
ri

a 

S
al

in
ity

 s
tr

es
s 

 
(d

S
/m

) 

13.06de 11.59c 73.35c 3.11c 8.97c 0.72b 5.63b 67.66a 31.80ab No Bacteria  
14.23d 14.43ab 82.45ab 3.68ab 10.03b 0.75ab 5.67b 68.00a 33.60a Bacillus subtilis 0 
21.10a 15.12a 85.80a 3.87a 10.35a 0.80a 6.35a 68.66a 30.90ab Pseudomonas putida  
15.10cd 10.36d 62.53de 2.75d 6.68d 0.40e 2.94de 40.50e 25.33c No Bacteria  
15.37c 12.89b 66.45d 3.36b 10.11b 0.47cd 3.13d 46.00c 31.70ab Bacillus subtilis 4 
15.65bc 14.61ab 70.55cd 3.64ab 10.29ab 0.52c 3.45c 49.00b 30.75ab Pseudomonas putida  
16.73b 8.36f 54.55f 2.21e 5.07e 0.35de 2.45f 37.00f 25.05c No Bacteria  
17.83b 9.98de 46.65g 2.87d 7.09cd 0.42d 2.89de 43.00cd 25.75c Bacillus subtilis 8 
21.33a 12.11bc 51.75fg 2.89cd 8.77c 0.48cd 3.20cd 45.00c 26.65c Pseudomonas putida  

 
/�I "� ��A1@9�1( p"Q T� =6�)Q �� �����&"�G( �.M( )R�� k.a U�	�Q� gCI �� .)9��)9 %���  
In each column means followed by at least a common letter, are not significantly different at 5% probability level.  
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 U�)S3 k���9 .��.�5 34$ ���^/>/�H1K/K�/( [�1R/P; "� %"�$�� � %�/
 -.� "1#�� b9����� ,�HX�.  
Table 3. Results of variance analysis effect of salinity stress and bacteria on morphological and physiological 

traits of Brassica oleraceae L. 
Mean of squares 

df Source of variation 
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0.09** 0.69** 0.09** 0.023** 133.81** 85.95** 0.24** 2.63** 2.14** 2 Salinity stress 
0.47** 7.41** 0.78** 0.00006** 26.15ns 87.52**

 
0.07* 8.39** 0.18** 2 Bacteria 

0.16** 3.58** 0.70** 0.001** 28.50* 6.65ns 0.05* 5.09** 0.37** 4 Bacteria×Salinity stress 
0.0006 0.01 0.006 0.000006 10.19 4.74 0.02 0.54 0.02 18 Error 
8.93 3.31 11.43 2.52 4.08 5.86 14.85 11.20 7.40 - CV (%) 

ns �/?9 :1�"� ,� ** �* ��.M( [��L��.M( [��L� � ���  U�	�Q� gCI �� ���5  �1 .)R�� 
ns, *, **: Non-Significantly difference and significantly difference at 5 and 1% of probability levels, respectively. 
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Table 4. Mean comparison effect of salinity stress and bacteria on morphological and physiological traits of 

Brassica oleraceae L. 
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In each column means followed by at least a common letter, are not significantly difference at 5% probability level. 
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Figure 1. Mean comparison interaction effect of salinity stress and growth-promoting bacteria on total chlorophyll of 
ornamental cabbage. 
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Figure 2. Mean comparison interaction effect of salinity stress and growth-promoting bacteria on total phenol of 

ornamental cabbage. 
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Figure 3. Mean comparison interaction effect of salinity stress and growth-promoting bacteria on Ionic leakage of 

ornamental cabbage. 
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Figure 4. Mean comparison interaction effect of salinity stress and growth-promoting bacteria on proline of 

ornamental cabbage.  
  

h

cd

b

f

c

a

g

cd c

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 4 8

P
r
o

li
n

e
 (

µ
m

o
l/

g
 F

W
)

Salinity stress (ds/m) 
No Bacteria  Bacillus subtilis  Pseudomonas putida



434   :
����	� � �� !�"#� "�$��% ��% &"'( )
� �� *(��+( ,� -.� �/
% 012� 34$ 5��.� 36� 7/(�$ ... 

 
  

 "P.! 
�H1( *�9�/� %"�$�� �"���$ �/C.1	�

-1� )�� -��HK� �� 31I��a  31I��a "P.! 
�H1( A�"�

 7)! D��"
 �� l/41I�� %"�$�� �"���$ �� -.�

 
�H1( ,� %�/
53/4 �41( 
�)40 �� 7"0 ,�  .)(V *I�

,� k���9 �( 
�G9 2)(V *I�  %"�$�� �"���$ ,$ )��

 �� �%"�$�� �"���$ 7)! �� ,���+( �� )
� &"'(

 31I��a "P.! EZS -��HK� n!�� %�/
 -.� e/CI

 ,���+( ���/	9 ,� ,S/� �� .)
 ��.�5 34$ ��

A1@9�1( -1� ���  -.� �� 31I��a ,� 3�)I *?�9 A�"�

 %�/
8  "� b.	�5 �I� ,� %"�$�� �"���$ 7)! � "�(

 
�H1(94/0 �41(  7"0
�)40 ��  �� .)
 2)��G(

 -��HK� 31I��a ,� 3�)I *?�9 %�/
 -.� -��HK�

 N4�O( e/CI �� )
� &"'( %"�$�� �"���$ � *K��

�.M( �/B ,� *�9�/� %�/
  *?�9 -��$ n!�� %���

 =�
) �/
 ��.�5 34$ �� 31I��a ,� 3�)I5 .( *h4q

\��% )I�3 *K�� �� ��% 01��� #� n!��" H	I�% �

�Zq U��M� 7)! �)
� ��F(��IV �1: 	I ��Gq ,�1* 

�
/ .i	� � d��?9� ��F( �1A �+�13 ( U/4I�  �/


� *h4q1- )I )Q 5��3 S��;� �"
 ���D �	9�  ,9

EZS �� �F.� K � DI/��,G( *��6� ��� �� ,�4� �).$

����X  �� U �;��@o��_�� 
V �Gq ���% ��,G 9 ��1H 

]�11" (� )�� )Weisany et al., 2014.( +4�1g 012� �� 

PGPR (� "S )9�/��
� q1U�MK" 	I a/aV)�( 3�)I 

��9 �� � 2��� -��$ �1,X EZS 3�)I  DI/� ��

��,G ).$ ��)'( ��. "�$��% ��% L(1) "B 5� &�;�c 

	��"K� 5���� Z]( ��/(% ).9�( P �K  �� ��"LI�H 

+9- I�I�� �HK� ���- 0 )
�12�  .)9��� -��(5V c?B

 DI/� ,�K"0 [�/RSalehi et al )1401 �"���$ (

%"�$�� 2�10 �� b141��/I l/41I�� )
� &"'( %��

<"� �� 31I��a 
�H1( -��HK� :S/( 
�"L!5 A�� %��

 .)
 )��
 ,� *?�9 2�10>/�1) I�1��)% >V�  ).9�()

I�1) >�H0�1TI� � �1) I1"��T � (
/��"a  �� � ��

�91,X -��$ pH ��"LI�H 3F("��A 9��(13� PGPR 

7"K =Q �� ��% q1" 9)M( ��/( l"�I� =��6� 

(� )
�� )Hariprasad & Niranjana, 2009(� . -.

�/
% 9)M( "R�.! *h4q -��$ ��� ��"z% 

.()1H��3 �4$1�3 I��a13 0 �� ("L�K �1�
���  *h4q

)I�3 *K�� �� �HK� �� ���- (� )��. Dodd & Perez-

Alfocea (2012) �1
� "�$�� ,$ )9�"$%  )
� &"'(

(� )9�/�  -��$ n!���
/ ��% 	I�  U��M� �LQ �

�9/� �9 �� � �/
 U/4I =;��1,X (1
�H Z]( ��/(% 

0 �� �/S/(1
��� K� ���H�- .)�� Esan et al. (2020) 

�HK� �� ,$ )9�"$ m��H0�- �/
 ��)+(%  "P.! ��)+(

)I�3 U/4I �� �HK� ���- �*K� "�$�� �"���$ �(�% 

I��1l/4 I�/�b141 ����.M( �/B ,�%  Y	X� ��)+(

)I�3 >� ,� .��� -��$ �� <"� ��1= �HK��- )I �����3 

"B 5��c G��V )9�V�  ��� K�$�9� )I ���� 
�/��3  ,�

=|/$�� ��% U/4I ��% )I ��)+( *I� A�	( <"��3  ��

�HK� *I a/aV�- �)�� )I�3 5���  ���� 5� *I� A�	(

I��a13 � ,� � ).$ *M9�	(�A I�1,4 q �/B ,�1+��("13 

0��� 5� Y9�(1"% ��)9�V% ��"0 -��V )Seyed sharifi et 

al., 2018.( ��� m�� 5� ��% �/
 ,� =	'�%  -��$

 EZS�
/ )I�3 (� )
��,� . ( "h9� )I� a1- �1��	  �Z�

"�$�� ��% ��% ,��9�/� )
� &"'( 5 )Q �� )9����% 

)I EZS -��$ :S/(�3 � ��1����	%  -.� *'�

�/
% � [��?! ,� )9/
�"@ "�$�� �"���$% ��%  &"'(

0 =	'� )9�/� ���6 )
�12� �"
 ,� *?�9 ����/
 D% 

�HK� &�;�- ).��.   
 

  
 =�
5.  A1@9�1( ,���+( =��+�( "#��/
 -.�% "�$�� �%  )
� &"'(� "=$ 31I��a "� 3�)I *?�9 5 34$��.�.   

Figure 5. Mean comparison interaction effect of salinity stress and growth-promoting bacteria on Na/K of ornamental 
cabbage. 
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