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INFLUENCE OF BEAN PLANT AGE ON THE EXPRESSION  
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 �/ !@�.*�� X!
 ��4� L.� 4� L0 MN �#. �E( ��	�E6 >��V L0 MN �.0 4O�?/ �+F6 �"5 >1�� R�0*10 ��0/ .�<� X"<� L.� L0 $% $�<��
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B&"1 ,	C0Pseudomonas spp. � ,*�*� �2C/�"<� $
	C&*"

 	CCC. �CCC.	D� �ECCC<(F  G	CCC0	%1 B5CCC
� G��CCCH 7ICCC%2<H

J�%&	1�*'�K%  !�(26 ' �L/'I
� B%M	& �� 	N. �,I6	= ,	0

 82(�CCC0 �*IH	CCC= $0	CCC%1 ,	CCC0�1�	-%. 4* ,�	%�CCC. 

(Weller 2007) . BC
* 8CO PC<Q* �%R(  $
*�	H ,*�*� ,	C0

 G	 4 �� $K
S")"%. !�(2H �%<.	D G	K  ' 	0 4* E<(F  ,	0

 T&*"  B<-O B. U *"V W
* ,�	X� BY/"� 78-V $ �	-3 �'�

(Thomashow & Weller 1996) . G	5CC& �CC%=* 80*"CC3

$  B. �	9&Z $
*�	H �	�[ \8V 4* $5F. BH 80� �� �%%R� U%)�

 78&4 �%Q ' 78&4 $]%^  _
*�3 !�(2H"C%. U 	V BH �/* ,*

 $C  BCO*"  GZ 	. �L/'I
� �� �"C3 .WC
* BC. BCO"� 	C. BCH

 B%)'* J�%&	K  :	&" '�"C/ _C/"� 	C0�1�	-%. !�(26 ,	C0

$CCCC(&Z 8CCCC%)"� �2CCCC/�"<� `CCCC%�"%. ECCCC<(F  ,	CCCC0

�/*(Thomashow & Weller 1996) B. �$ �a& BCH 8/�

�	H*:	&" '�"/ �%R(  $
 WC
* 8C%)"� �� �'	L� 4* $3	& 	0

�CC%)".	(  8CC3	. ECC<(F  $CC]%^  _
*�CC3 �CC^� 	CC0 .

%.") 7	%1 W/ �%[b� $/��. �c	M d%N^� 4* e80 G	C%. �C. 	

GS I(2/"%. ,	0�'�f!"2%/"<1'�"<� U%(/* ,� (DAPG) 

BC
*8O _C/"� �LC/'I
� G"%C/*I%2<H 'P. fluorescens 

CHA0 $ `%�"%."�"& _
*�3 �� 83	..

��!� _.��

B
*8O P. fluorescens CHA0  GZ 8%-C/g� U 	M d(5 '

 $2Y
CHA0/pME6259 �*�D 7�	L(/* ��"  $/��. W
* �� 

82(��1 .B
*8OCHA0 $C(&Z 8C%)"� $
	&*"� ,*�*� �`C%�"%.

DAPG $  BCN]2  h	C= �� G"C�"� �LC/'I
� 4* BH 83	.

 ,�	C-%. 4* $CY%�i $18C&�*�4	. �%Cj	= 	. @%k"/ I&�" 

 �CC/* 78CC3 ,4	CC/*8O G"CC�"� B5CC
� 7	%CC/ $18%CC/"� 

(Stutz et al. 1986) . 8%-CCC/g�pME6259 GS ,*�*� 

�>CC3�*I1phlA´-´lacZ �CC '	N  GS '$CC(&Z BCC. `CC%�"%.

$CC  W%<K%CC/*�(� 8CC3	. .G	CC%.phlA´-´lacZ J
ICC&Z 8CC%)"� '

$CC(&Z I(2CC/"%. G*ICC%  4*8CC
4"(Hl	1	(. `CC%�"%.DAPG *� 

$  @KY2  �4	/ (Schnider-Keel et al. 2000).B
*8O 	C0 

���A$<%  	C
�") _%C^  �(%)f$&	C��. (Luria-Berthani) 

)G"(m
�� "(H	.�A�C-F  7�	nV � \�1 �� \�C1 NaCl �A

�(%) `
 �]N  oZ � \�1 (,	 � �� 'Cºqr 	C. �K%3 ,'� 

�V�/srt BN%D� �� �'� B.�8 �u7�*� �5CH �V	C/ 

8&8CC3 .BCC
*8OCHA0/pME6259 BCCH �"CC.I  _%CC^  �� 

$
	C9& �Ca<Q B. W%<K%/*�(� ,'	M��� �� \�C1 '�C�%  

$<%  �(%)8
��1 �5H �". .�5H ,	0�u,�(H	C. B(V	/ 	C0

 	. G��CH S"L
�(&	C/ )�A�� BCN%D� �AAA BCN%D� �� �'� (

J
8C/ 8
�<H !"<^  	. o"/� ' 783 7�*� o"/�)8C
�<H

 J
8/��C(%) `C
 �]N  oZ �\�1 (8C3 B(�C3 .	C. @mC/

 �a<Q 	. ,�(H	. G"%�&	m/"/ �J
8/ 8
�<H !"<^  G�'I�*

 $
	9&CFU �A�$<%  �� 83 B%9� �(%) .,	0�8C. 	C%.") JCD� 

$CC<1(Phaseolus vulgaris cv. Goli) )4* 78CC3 BCC%9�

 ��. ' !	9& B%9� ' vgj* B�/w  (B.�8 �U&	�* �� BN%D� 

�A %B&y%�CH* oZ _C/"� @mC/ �8&83 7�*� �*�D (H2O2)

�A %B.�8 �A�� ' 78C
��1 $^]C/ $&"LV8Cc BCN%D� 

8&83 7�*� "5(�3 G'�(/ �]N  oZ _/"� �=Z .B.�"Ca2 

 BC. 	0��C. �$&4 B&*"O C/ �8C  oZ _%C^  �� 4'� B�	C1Z 

)�	1Z�/��C(%) `
 �]N  oZ �\�1 (,	C � ��Cº�� �� '

82(��1 �*�D $K
�	� _
*�3.

BCC. GS G	CC%. �CC. 	CC%.") 7	CC%1 WCC/ �%[bCC� $CC/��. �"CCa2  

lacZ phlA′-′`C/g� �`C%�"%."�"& _
*�3 �� WC)�* ,	C0

 JCXM BC. �
	 �AAA $C<%  ,'	CM �C(%)�AA h	C= \�C1 

$V"2n (Keel et al. 1989) ,	 � ��Cº��AB.�8C �A

8&8CC3 'gH"CC�* BCCN%D� .,	0��CC. �� 	CC%.") 7�4 BCC&*"O 
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,�(H	. G"%�&	m/"/ 8&83 7�*� �*�D 	0 .`
 �3�1 4* @�

 �	-%� 4* �V	/,	0��. ,�(H	. 	. 7�4 B&*"O ��. `
 �	0 B.

8C
��1 UN(2  `/g� �0 .	C. 8C3� `CD	�* �� G	C0	%1�u

�� $
	23'� �V	/Cº�� �� $K
�	C� �V	C/ �50 'Cº

��B>& 	C. G	C%  �� 4'� `
 ' ,�*��A$C<%  !"C<^  �C(%)

 z"& B(�	
 �%%R� $
*�Q(Knop))Ca(NO3)2.4H2O `C
 

�\�CCC1KCL ��/A�\�CCC1 MgSO4.7H2O ��/A�\�CCC1 

KH2PO4 ��/A�\�1 FeEDDHA �A$<%  !"C<^  �\�1

$<%  `
 82<1"0 �C(%) `C
 �C]N  oZ ' �(%)((Keel et al. 

1989) 8&83 ,�	%.Z .B&"-& �� ,�C%1���4'� BC/ �BCN%D� 

�3	H 4* @� B(L0 '� ' B(L0 ?
 �4'� ;2�,	0��. B&*"O 

���1 ��"j 7�4 .B&"-& $i 	C0 `/g� 4* G	0	%1 �,�%1

 	C9&Z 4* G�*� G	CK� 	C. B5C
� e*�i* $�	c* h	= ' {�	=

 8
��1 *8O .W
4"C� *8C(.* B5C
� *�� B%M	& h	= 	. 	0 B5
�

3�� @m/ ' 78qt$<%  J
8C/ 8
�<H !"<^  �(%) G'�(C/

 �K%CC3 ,'�)�ABCCN%D� ��|}tBCCN%D� �� �'� (7�*� G	CCK�

8&83 .,�C/ �5H 	. �,�(H	. _/"� �L/'I
� G"%/*I%2<H

�D� �	C1Z o ~2%H _%^  ,'� Uj	M G"%�&	m/"/ ,	0

(KBA) (King et al. 1954) BC. W%<K%C/*�(� ,'	M �C/�

8 Z .B5C
� ,"5C(�3 4* Uj	M G"%�&	m/"/ 4* ,*�C. 	C0

 8C3 7�	L(C/* IC%& 4*8C
4"(Hl	1	(. �C%)	Y� W%%Y� .�X2C/

 �C<%  �'� dC�i 4*8C
4"(Hl	1	(. �C%)	Y�(Miller 1992) 

���1 ��"j .BC. J
IC&Z �%)	Y� G*I%  �� 8CM*' ��"Cj

�A�U%K5� 8M*' $C2<H 7820�(U/107 CFU) '�� 8CM*'

 �L/'I
� \�1(U/g rhizosphere) 8C
��1 B�C/	^  .,*�C.

 B2% 4 �%)	Y� B�/	^ (Background) �4*8
4"(Hl	1	(. J
I&Z

 B5C
� ,"5C(�3 4* Uj	M G"%�&	m/"/ �� J
I&Z �%)	Y�

 	. 783 �%N<� G	0	%1CHA0 �8CV 4* @mC/ ' 83 B�/	^  

�C&	m/"/ �� 4*8C
4"(Hl	1	(. J
I&Z �%)	Y� 783 W%%Y� G"%

 	C. 78C3 �	-%� G	0	%1 4* Uj	MCHA0/pME6259 ��CH 

8
��1 .�C
4 BC].*� 	. 4*8
4"(Hl	1	(. J
I&Z ,	08M*' �*8Y�

B. 8 Z �/�(Miller 1992):

]XM JB&"-& )$<%  �(%) (×G	 4 )BN%D�(/ [,�8H !"Ci �� 

{" ��A �( "&	& ×�AAA =4*8
�"(Hl	1	(. ,	08M*' 

v�i P)	D �� �
	 4Z ' �	C-%� ;2C� �� $��	nC� �g 	H

 8C3 *�O* �*�K� �3 .7�*� ,�	C Z UC%<^� ' BC
IX� 	C. 	C0

 �*IC�* \�C& 4* 7�	L(C/* Systat version 9.0 (Systat Inc.,  

Evanston, Ill.)���1 \	X&*.W%>&	%  	. 	0 4* 7�	L(/* G" 4Z

LSD (P ≤ 0.05)8&83 `%KL� J0 4*.

'(`U� . H�� 

%/*I%2<H G*I%  _/"� 	%.") �L/'I
� G"CHA0/pME6259 

7	%1 �3	H 4* 4'� B/ �3�1 4* @� BC. ���&��BCN%D� 

B. ' ��	
 �
*I�* !'*CFU �A�×�/��LC/'I
� \�C1 �� 

W%>&	%  B�
	N  B. BO"� 	. $)' 8%/� $2Y  eg(=* 	0 ,�*�

 BCC&"-& G	CC 4 '� WCC
* �� ,�(H	CC. �CC%Y-O W%CC. ,�CC%1 

85& 780	5  .�� �%Y-O �]/ B. �B(�	
 �
*I�* JX2� 4'� 

�A�×�/��CFU �
*IC�* WC
* BH 8%/� �L/'I
� \�1 �� 

\"C/ 4'� BC. ���C& 	0 W%>&	%  B�
	N  :	/* �. �%Y-O

 $2Y  eg(=* ,*�*� �]/ �� �*��%�". .BC(L0 `
 4* @�

 �0	H JX2� 4'� B. ���& �L/'I
� G"%/*I%2<H �7	%1 83�

 	^) 4* �%Y-O �0	H W
* WK%)' ��	
 $C2Y  ,�	C Z ��*�

�"�& .BC. BC(L0 '� 4* @� ,�(H	. �%Y-O $C2Y  �"Ci ,�*�

 B. ' B(�	
 �
*I�* W%5%� ,	04'� B. ���&CFU �A�×�/��

\�1 �� �C%Y-O G*I%  �.*�. �	9� �	�
�N� BH 8%/� �L/'I
�

 �". \"/ 4'� ��)!'8O�.(

74*8&* �� 8CM*' P�M �. 4*8
4"(Hl	1	(. �%)	Y� ,�%1

CFU (U/CFU) BH ��H �F5  ���C3	H 4* @� BN%D� 

B�0	%1 	C. 78C3 �%CN<� ,	0CHA0/pME6259 GS G	C%. �
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 $% $��� . !@�.*�� $"��0*�+�D !� ���"# ���
  � !���� phlA′-′lacZ �/ Pseudomonas. fluorescens 

CHA0/pME6259 

Table 1. Influence of plant age on the bean rhizosphere colonization and expression of the reporter gene phlA′-
′lacZ in Pseudomonas fluorescens CHA0/pME6259 

$&4 B
	  4* @� G	 4 
Time after inoculation 

4*8
4"(Hl	1	(. �%)	Y� 

(ß-galactosidase activity) 
)U/107 CFU(

4*8
4"(Hl	1	(. �%)	Y� 

(ß-galactosidase activity) 
)U/g rhizosphere(

�L/'I
� G"%/*I%2<H 

Rhizosphere colonization 
)107 CFU/ g rhizosphere×(

��BN%D� (45 min) 0b0b0.7*c

\"/ 4'�(Day 3) 2.9a32.1a7.7c

JX2� 4'�(Day 5) 2.7a40.2a14.5b

J(L0 4'�(Day 7) 3.1a33.5a11.7b

J0��	9� 4'�(Day 14) 4.3a52a22.4a

*:W%>&	%  783 7�*� G	5& �'	L(  e'�M 	. G"(/ `
 �� BH $
	0 $C2Y  eg(C=* UD*8CM ��C� :	C/* �C. ,�	C Z �a& 4* 8&* 	C. �*�

 82(�0 �'	L(  �>
8K
(P≤0.05) . 

Means within the same column followed by different letters are significantly different according to least significant 
difference (LSD) test (P≤0.05).     

85& 780	5  `%�"%."�"& _
*�3 �� �>3�*I1)!'8CO�.(

B. �>3�*I1 GS G	%. 4'� B/ 4* @� $2Y  �"i �
*I�* ,�*�

 B. ' ��	
 G*IC% �/��� 8CM*' CFU �A�8%C/� .�C%)	Y�

 ' 8C&	  $D	C. �]C/ W%-0 �� JX2� 4'� �� 4*8
4"(Hl	1	(.

 B. J0��	9� ' J(L0 4'� 	� `
 �"i �C�	
 �
*IC�* �=*"&

)P%��� B.�/�'�/��� 8M*' CFU �A�(�
*I�* W
* BH

 �]/ �� ,�	 Z �	^) 4*�%$2Y  �"�& �*� .

\�CC1 �� 8CCM*' P�CCM �CC. 4*8CC
4"(Hl	1	(. �CC%)	Y�

 �LCC/'I
�(U/g rhizosphere) 4'� BCC/ �CC3�1 4* @CC� 

B. ���&��4* @� !'* BN%D� BC�0	%1 �3	H BC. �	C0 �"Ci

$2Y  B. ' ��	
 �
*I�* ,�*��/���LC/'I
� \�1 �. 8M*' 

8%CC/� .GS G	CC%. G*ICC%  �G"%CC/*I%2<H �
*ICC�* 	CC. \	CC>-0

 �>CC3�*I1lacZ phlA′-′�
*ICC�* JX2CC� BCC. \"CC/ 4'� 4*

)�/�A�LC/'I
� G4' \�C1 �C. 8M*' (	C� J(CL0 4'� �� '

�/���	
 �0	H �L/'I
� G4' \�1 �. 8M*' �.*�8X ˝��

8C
��1 780	5C  �>C3�*I1 GS G	%. �
*I�* J0��	9� 4'�

)��B5CC
� G4' \�CC1 �CC. 8CCM*' (�CC%)	Y� �*�CC%%R� �

�]CC/ �� J0��	CC9� 	CC� \"CC/ 4'� 4* 4*8CC
4"(Hl	1	(.�%

$2Y  �"�& �*�)!'8O�.(

B. ;
	(& B. �L/'I
� G"%/*I%2<H B6 �*� G	5& 78 Z �/�

 �'	L� 8&*"� $-& $
	92� ,	0 �� GS G	C%. �� 78C3 780	5  

�4	/ @KY2  *� 7	%1 83� E<(F  UM*�  .BC. !	C�  G*"C2V

 4'� 4* 	C
 JX2C� 	� \"/ 4'� 4* �L/'I
� G"%/*I%2<H G*I% 

 B. J0��	9� 	� J(L0 $C2Y  �"i �� �*� G	5C& �
*IC�* ,�*�

$)	M ,�(H	. !"</ 8M*' �� GS G	%. G*I%  �� BH(U/CFU) 

*8C2� �%%R� G	 4 W
* $i 8C
��>& 780	5C  $& .BCX%(& WC
*

 $  �	925%� G	%. �. J%N(�  ,�%[b� ,*�*� G	.I%  7	%1 BH 82H

GS �
*IC�* J%N(�C  �C%Q �%[bC� 	C92� ' 7�". �>3�*I1 ,	0
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���

��C%& UC%=� �C * WC
* �� ,�(H	. �%Y-O .WC
* 4* �%C�

 7�*� G	5C& W%NN^  �C%L%H ' �C%-H �� $C�*�%%R� BCH 8C&*

 7�'� !"CCi �� B5CC
� �	^CC3�� UCCj	M 7	CC%1 8CC3�

$  �"3(Haller & Stolp 1985) $C  �"C= WC
* BCH 8C&*"�

 �%)".	(  8%)"� �� �%%R� PO"  ,�(H	C. _/"� 	0 *�C� ,	C0

 �"3 B5
� .	C&	%M* BCH �C/* WC
* 8C
"  BCY)	]  W
* ;
	(&

$(&Z `%�"%.DAPG ,	C0�1�	-%. $(�C
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