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 ����1.  ��������� ���	�
 ������ ����� �����Pseudomonas fluorescens� �����
� ��������	�
 ����
��  �� �����
 �
���
 ����� �� 

���
 ����	�� !���� ������
 ��"�.  

Table 1. Effect of treatment with Pseudomonas fluorescens and Cucumber mosaic virus at cotyledons stage on virus 
multiplication as estimated by ELISA. 

 
�����	 ����   Period (days) �������  

Treatment  4 6  8 10 12 14 16 18 20 
 �#�$)"�� �����(  

Control (virus only) 
0.560 0.896 1.171  1.246  1.581  1.455 1.422  1.489 1.533 

��%��
 �����  
Seed treatment 

0.453 0.360 0.269 0.232 0.334 0.480 0.547 0.649 0.680 

��%&�
 �����  
Root treatment 

0.495 0.640 0.538 0.480 0.732 0.965 1.067 1.086 1.048  

����� '��� �#�$  
Control (without treatment) 

0.035 0.007 0.043 0.047 0.028 0.042 0.026 0.026 0.028 

������ �#�$  
Control (Bacteria) 

0.036 0.009 0.013 0.073 0.003 0.046 0.027  0.045 0.044 

��� ���� ���� �	�
�� � ��� ��� �
	� �	� ��� �	��� ������� ������ !������ 405�	��� �����.  
Values represent mean of 3 replicates for ELISA readings at 405 nm.  
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�
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���
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Table 2. Effect of treatment with P. fluorescens and Cucumber mosaic virus at primary leaf stage on virus multiplication based 
on ELISA values. 

  
�����	 ����   Period (days) �������  

Treatment 4 6 8 10 12 14 16 18 20 
 �#�$)"�� �����(  

Control (virus only) 
0.580 0.965 1.113 1.280 1.520 1.520 1.466 1.549 1.475 

��%��
 �����  
Seed treatment 

0.422 0.306 0.223 0.200 0.288 0.400 0.492 0.575 0.520 

��%&�
 �����  
Root treatment 

0.466 0.538 0.480 0.389 0.640 0.753 0.937 1.021 0.983 

����� '��� �#�$  
Control (without treatment) 

0.035 0.007 0.043 0.047 0.028 0.042 0.026 0.026 0.028 

������ �#�$  
Control (Bacteria) 

0.036 0.009 0.013 0.073 0.003 0.046 0.027 0.045 0.044 

� ���� ���� �	�
�� � ��� ����� �
	� �	� ��� �	��� ������� ������ !������ 405�	��� �����.  
 Values represent mean of 3 replicates of ELISA readings at 405 nm.  
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  3�+

  ����405  ����'� ����	 0.353- 0.234   � 0.104     ��	�'��	 &') -
   4� ������1.073  -0.873 � 1.101         5	�'�� ��'��
� !'� ��'���� 

 +�� $������
- � 0.047       �'�6� ����� ��6 ���# ����
� !� ������ 
 $������
 5	��� )3��� 4.(  �  3����	 !� ��;�  ��) !�  ����
��	 %

       �����
��
 ������	 !� !�)�
#� ��
 $������
�  �+)�   +�
�� �
#� &)
  $�����83.08%  ��E� 	�:� -   &�( �       �'��� �'� �����
�	 ���� !
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�
     =���� &) 3��� ��  F���(    ��
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��� F���( =���� &) 3��� 3
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  �������
��� ��I� ���	  ����� �� $�����	  .     ��'#	�� ���'E� �B�
5���)   &�(  3����#	 ������(     ���'��	 ������
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   	 3'�� ��'0����	 !'� �����	 ������  �'����
�Pseudomonas 

fluorescens) 4 -9 -10 -15 -17 -19 -21.(  
!( �����
�	 �+�#�
 �������	 =���� Pseudomonas 
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� N�@�	 /�EC�	 ������ !�
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 ����3.  ��������� ���	�
 ������ ����� �����P. fluorescens������ �����
� ���	�
 ���
���  ����� �� �����
 �
���
 ���! "� #��$% ��� 

���
 ����	�� &���� ������
.  

Table 3. Effect of treatment with P. fluorescens on infection  with Cucumber mosaic virus  one week after  cotyledons 
emergence  as estimated by ELISA. 

  
���	�
 ����   Period (days) �������  

Treatment 4 6 8 10 12 14 16 18 20 
 �'�()*�� �����(  

Control (virus only) 
0.491 0.930 1.050 1.190 1.380 1.440 1.580 1.630 1.577 

��,��
 �����  
Seed treatment 

0.432 0.310 0.180 0.160 0.230 0.300 0.400 0.460 0.390 

��,-�
 �����  
Root treatment 

0.434 0.480 0.400 0.297 0.492 0.585 0.840 0.930 0.816 

����� "��� �'�(  
Control (without treatment) 

0.035 0.007 0.043 0.047 0.028 0.042 0.026 0.026 0.028 

������ �'�(  
Control (Bacteria) 

0.036 0.009 0.013 0.073 0.003 0.046 0.027 0.045 0.044 

��� ���� ���� �	�
�� � ��� ��� �
	� �	� ��� �	��� ������� ������ !������ 405�	��� �����.  
 Values represent mean of 3 replicates, for ELISA readings at 405 nm.  
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 ����4. �� �� ����	 
��	��
� �
��� �
�� ������ ����P. fluorescens� ������ 
��
���
��� �������  ��� 48 !�"��#$ � %��#$ � �"
# 
� &���� ������ ��
�	 '( ���
��� !�)�� ����.  

Table 4. Effect of spraying P. fluorescens on cotyledons followed by Cucumber mosaic virus inoculation 48 hours, one, and 
two weeks later on virus multiplication based on ELISA values. 

  

�����	 ����   Period (days) �������  
Treatment 4 6  8 10  12 14 16 18 20 

 ��� ������ *
��48�	��� �� !� �"
# 
�  
Virus inoculation 48 hr after spray with bacteria 

0.77  0.51 0.37 0.35 0.36 0.37 0.47 0.50 0.58 

 ������ *
�� ���48 �"
#  �� !���  
Virus inoculation 48 hr  without spray of bacteria 

0.89  0.80 0.87 1.07 1.11 1.15 1.29 1.33 1.25 

 ������ *
��� %��#$ ���
��	��� �� !  
Virus inoculation one week after spray with bacteria 

0.67 0.46 0.35 0.23 0.25 0.27 0.36 0.49 0.52 

� �����
� *
�%��#$ ���
���	�� �� !���   
Virus inoculation one week without spray of bacteria 

0.76 0.77 0.80 0.87 1.01 1.12 1.25 1.23 1.18 

�������
� *

��	��� �� !� !�"��#$ ���   
Virus inoculation two weeks after spray with bacteria 

0.48 0.43 0.26 0.10 0.12 0.21 0.44 0.55 0.56 

�����
� *
��  !�"��#$ ������	�� �� !���
  
Virus inoculation two weeks without spray of bacteria 

0.77 0.81 0.98 1.10 1.12 1.32 1.35  1.30 1.26  

���
�� !��� ���
��  
Control (without treatment) 

0.04  0.01 0.04 0.05 0.03 0.04 0.03 0.03 0.03 

+�( 
��	�� ���
��  
Control (Bacteria only) 

0.04 0.01 0.01 0.07 0.01 0.05 0.03 0.05 0.04 

��� ���� ���� �	�
�� � ��� ���������  � ������ �
	� �	� ��� �	�!� �������405�	��� �����.   
 Values in the table represent mean of 3 replicates, for ELISA values at 405 nm. 

 

 �������	�
��� �� ������ �� ������������ �	�� �� ��� 
����� ����� ���� ��� ��� �� ���!�� "����#� �$ %�#�� &'

����� "()���	�*�� ������� 	�
�� �$ +��� �� .$ ����,�+�����   ��
 -��� "����# �$ ������� 	�
���	/ 0���$ &��	�� -��� (TMV) 

�1���� P. aeruginosa�2#�  3��#/ 4'� ��������� ���� ���&' 
)8� 26( ����� ��� ���#� %�#�� 4�/  �*�$ 	
��� �����#� �	�7

8��1 �� �������
�� 9�� ��)� ": "�#����� ;�#!� 	� ��<��
)Pathogenesis related Protein (PRs� 1��=� 4'� ���� �=�� 

 ��)>� ��� 2���� ����/� 0���
�)18 .(?�>� "���� "��@�� 
 4�/��� ������� 	�
�� ��� 3��#/ 8��1 �� ���� ���� ������� �1

 &#������ ����9�� ��'�=���� �:'� ������� ���� 4'� ��
NPR1 "������ ��	�*�� ������� 	�
�� �$ +��� A�'� B:�� 

 "��#� ����)13� 22(� ���� ;� 1���� ������� :� �� ����� 
RNA  �� ������PR-Proteins) 29 .(��@�:�  4�/ � ����C 

 ��)� ��� �>D ����# E�# �� F'�>� ��	�*�� ������� 	�
��
������?�>7 � .� ����� G:� �� H'>����9�� 2# �'���� ����

 ������� I�>���� ��:��P. fluorescens  ������� 	�
�� �$
 0���$ �< ��	�*��&��	�����>� � :/ � ��:� 4'� ������ �

 ���!9 ��!� ��� �*�$ ������� ���� 	�
�� 4'� ���� "����#�
�� ���!9 J�� ���� �������� ����!��( �K��>��� .  

 
  

Abstract 
Al-Ani, R.A. and L.K. Tawfik. 2011. Induced of Systemic Resistance in Cucumber Plants Against Cucumber mosaic 
virus (CMV) by Pseudomonas fluorescens Migula. Arab Journal of Plant Protection, 29: 36-42. 

This study was carried out to evaluate the efficacy of Pseudomonas fluorescens in inducing systemic resistance against cucumber 
mosaic virus (CMV) in cucumber plants. Seeds and roots were treated by a suspension of Pseudomonas fluorescens followed by seedlings 
inoculation with CMV at three growth stages; cotyledonary leaves, primary true leaves, and one week later. Bacteria was also applied on 
cotyledonary leaves and seedlings were inoculated with CMV 2, 7 and 14 days after treatment. The virus multiplication in plants was 
monitored by ELISA. Results showed that seeds treatment with bacteria reduced virus multiplication by 81.3, 84.37 and 86.55% at the three 
growth stages, respectively, 10 days after virus inoculation. Root treatment caused virus reduction of 61.47, 69.60 and 75% for the three 
virus inoculations, respectively. Similarly, the application of bacteria on cotyledonary leaves caused a reduction in virus multiplication of 
64.69, 73.19 and 83.08% for the three virus inoculations, respectively. It was evident that the longer the period between the treatments with 
bacteria and inoculation with CMV, the higher was the effect on virus multiplication. 
Keywords: ELISA test, Pseudomonas fluorescens, Cucumber mosaic virus, induced systemic resistance, biological control. 
Corresponding author: Rakib Akif Al-Ani, Plant Protection Department, College of Agriculture, University of Baghdad, Iraq,  

Email: maa_adhab@hotmail.com 

 



41 Arab J. Pl. Prot. Vol. 29, No. 1 (2011) 

 
 �������  References  
  
1.  �������	     
�� ��� ���� ��� . 1998.     �������	
 ����	


Pseudomonas fluorescens��� ��� ��	
 ��� �������
 
    �����	
 !���	 ������	
 �����	
�Rhizoctonia solani. 

 ������� �	����  ��
�"	
 �����   #
#�$� �%���   ��
��%	
 � 99 
��&�.  

2.     ���� ���� ������� 	�������. 2000 .    �������	
 '(�&� )���
Pseudomonas fluorescens Migula  ������ *�+���
 ,- 

���	
 /��� ,- ��"�0�  ���1���	
 ����&	
 #1 �Pythium 
aphanidermatum(Edsonl)fitz � Pseudopernospora 

cubensis (BerkandCurt) Rostow. 2
����# �����3�  ����
��
�"	
�#
#$� �%��� ��
�%	
 � 74��&� .  

3.  ��������	�������  ������ ����!�. 1997 . ��������	
 ����	�%-
Pseudomonas fluorescens  &	���� ������4
 #��1 ����
Macrophomina phaseolina � Rhizoctonia solani  ,�- 

  ,���"	
 /��	
 5��6 .   ��7
�%	
 ���
�"	
 )��%	
 ����� 28 :
69-73.  

4. Baker, B., P. Zambryski, B. Staskawicz and S.P. 
Dinesh-Kumar. 1997. Signaling in plant-microbe 
interactions. Science, 276: 726-733. 

5. Bakker, P.A.H.M., L.X. Ran, C.M.J. Pieterse and 
L.C. Van Loon. 2003. Understanding the 
involvement of rhizobacteria-mediated induction of 
systemic resistance in biocontrol of plant disease. 
Canadian Journal of Plant Pathology, 25: 5-9. 

6. Clark, F.E. 1965. Agar-Plate method for total 
microbial count. C.F. Black, Method of soil analysis, 
part 2. Publisher Madison, Wisconsin, U.S.A. 1572 
pp. 

7. Clark, M.F. and A.N. Adams. 1977.Characteristic of 
the microplate methods of enzyme-linked 
immunosorbent assay for the detection of plant 
viruses. Journal of General Virology, 34:475-483. 

8. De Meyer, G., M. Hofte, B. Duffy, U. Rosenberger 
and G. Defago. 1998. Inducton of systemic resistance 
by the rhizobacterium Pseudomonas aeruginosa 
7NSK2 is a salicylic acid dependent phenomenon in 
tobacco. Bulletin OILB SROP, 21:117-121. 

9. Heil, M. and R.M. Bostock. 2002. Induce systemic 
resistance (ISR) against pathogens in the context of 
induced plant defences. Annals of Botany, 89: 503-
512. 

10. Heil, M. 1999. Systemic acquired resistance: 
available information and open ecological questions. 
Journal of Ecology, 87: 341-346. 

11. Kloepper, J.W., R. Rodriguez-Kabana, G.W. 
Zehnder, J.F. Murphy, E.J. Sikora and C. 
Fernandez. 1999. Plant root-bacterial interaction in 
biological control of soilborne diseases and potential 
extension to systemic and foliar diseases. Australasian 
Plant Pathology, 28: 21-26. 

12. Landa, B.B., H.A.E. De Werd, B.B. McSpadden-
Grardener and D.M. Weller. 2002. Comparison of 
three methods for monitoring populations of different 
genotype of 2,4-diacetylphloroglucinol producing 

Pseudomonas fluorescens in rhizosphere. 
Phytopathology, 92: 129-137. 

13. Lazarovits, G. and J. Nowak. 1997. Rhizobacteria 
for improvement of plant growth and establishment. 
Hortscience, 32:188-192. 

14. Leeman, M., J.A. Van Pelt, F.M. Den Ouden, M. 
Heinsbroek, P.A.H.M. Bakker and B. Schippers. 
1995. Induction of systemic resistance against 
Fusarium wilt of radish by lipopolysaccharides of 
Pseudomonas fluorescens. Phytopathology, 85: 1021-
1027. 

15. Mauch-Mani, B. and J.P. Metraux. 1998. Salicylic 
acid and systemic acquired resistance to pathogen 
attack. Annals of Botany, 82: 535-540. 

16. Maurhofer, M., C. Hase, P. Meuwly, J.P. Metraux 
and G. Defago. 1994. Induction of systemic 
resistance of tobacco to tobacco necrosis virus by the 
root-colonizing Pseudomonas fluorescens strain 
CHA0: influence of the gacA gene and pyoverdine 
production. Phytopathology, 84: 139-146. 

17. Metraux, J.P., C. Nawrath and T. Genoud. 2002. 
Systemic acquired resistance. Euphytica, 124: 237-
243. 

18. Naylor, M., A.M. Murphy, J.O. Berry and J.P. 
Carr. 1998. Salicylic acid can induce resistance to 
plant virus movement. Molecular Plant-Microbe 
Interactions, 11:860-868. 

19. Pieterse, C.M.J., J.A. Van Palt, S.C.M. Van Wees, 
J. Ton, K.M. Leon-Kloosterziel, J.J.B. Keurentjes, 
B.W.M. Verhagen, M. Knoester, I. Van der Sluis, 
P.A.H.M. Bakker and L.C. Van Loon. 2001. 
Rhizobacteria-mediated induced systemic resistance: 
triggering, signaling, and expression. European 
Journal of Plant Pathology, 107: 51-61. 

20. Raupach, G.S. and J.W. Kloepper. 1998. Mixtures 
of plant growth-promoting rhizobacteria enhance 
biological control of multiple cucumber pathogens. 
Phytopathology, 88: 1158-1164. 

21. Ryals, J., K. Weymann, K. Lawton, L. Friedrich, 
D. Ellis, H.Y. Steiner, J. Johnson, T.P. Delaney, T. 
Jesse, P. Vos and S. Uknes. 1997. The Arabidopsis 
NIM1 protein shows homology to the mammalian 
transcription factor inhibitor I kappa B. Plant Cell, 9: 
425-439. 

22. Ryals, J.A., U.H. Neuenschwander, M.G. Willits, 
A. Molina, H.Y. Steiner and M.D. Hunt. 1996. 
Systemic acquired resistance. Plant Cell, 8: 1809-
1819.  

23. Ryu, C.M., M.A. Farag, C.-H. Hu, M.S. Reddy, 
J.W. Kloepper and P.W. Pare. 2004. Bacterial 
volatiles induce systemic resistance in Arabidopsis. 
Plant Physiology, 134: 1017-1026. 

24. Sharma, A. and B.N. Johri. 2003. Combat of iron-
deprivation through a plant growth promoting 
fluorescent pseudomonas strain GRP3A in mung bean 
(Vigna radiate L. Wilzeck). Microbiological 
Research, 158: 77-81. 



42   ���� ���	
�� ��	�� ����� ����29 ��� �1) 2011( 

25. Sticher, L., B. Mauch-Mani, J.P. Metraux. 1997. 
Systemic acquired resistance. Annual Review of 
Phytopathology, 35: 235-270. 

26. Van Loon, L.C. and E. Van Strien. 1999.The 
families of pathogenesis-related proteins: their 
activities, and comparative analysis of PR-1 type 
proteins. Physiological and Molecular Plant 
Pathology, 55: 85-97. 

27. Vidhyasekaran, P., N. Kamale, A. Ramanathan, K. 
Rajappan, V. Paranidharan and R. Velazhahan. 
2001. Induction of systemic resistance by 
Pseudomonas fluorescens PF1 against Xanthomonas 

oryzae pv. oryzae in rice leaves. Phytoparasitica, 29: 
155-166. 

28. Zehnder, G.W., J.F. Murphy, E. Sikora and J.W. 
Kloepper. 2001. Application of rhizobacteria for 
induced resistance. European Journal of Plant 
Pathology, 107: 39-50. 

29. Zhang, Y., W. Fan, M. Kinkema, X. Li and X. 
Dong. 1999. Interaction of NPR1 with basic leucine 
zipper protein transcription factors that bind 
sequences required for salicylic acid induction of the 
PR-1 gene. Proceedings of the National Academy of 
Sciences of the United States of America, 96: 6523-
6528. 

  

  

������ �	
��: 31/10/2009
��� ��� �������� �	
�� � :3/8/2010  Received: October 31, 2009; Accepted: August 3, 2010 

 


