
4121389263257 

PGPR

2
*

34

123

4

1613882231389

52

1002002505007501000

ACC

52

1021910

159105

 

19

Rajkumar and 

Freitas, 2008

(Benavides et al., 2005 .

Vassilev et al., 

2002

  

 Benavides et al., 2005

Clijsters and Assche, 

                                                                                             
*halikhan@ut.ac.ir 

1985       

       

Rajkumar and Freitas, 2008

 Alloway and 

Jackson, 1991

Bioremediation

Microbial remediation

 Salt et al., 

1995

PGPR

Ecological niche

RhizoplaneEndorhizosphere/ 

Histoplane



2584121389 

Joseph et al., 2007

PGPR1

2

BNF3

4

Joseph et al., 20075ACC

Glick et al., 1998

Glick, 2003

Gadd, 2004

He et al., 2009

ACC

52

5486619

85345

7

Reyhani Tabar, 2000; Moteshare 

zadeh, 2008

H.MAngle et al., 

199252

100200

CdCl2.H2O

2505007501000

NiCl2.6H2O

4848

Reduced Percent

1 

Sarcheshmepour , 2009

 

SchwynNeilands1987

CAS

 

Halo Diameter/Colony Diameter: HD/CD

IAA

Salkowski

PattenGlick2002 

525101520

30

ACC

PenroseGlick2001

1RMM+ACCRMM: 

Rhizobia Minimal Medium, ACC: 1-Amino 



259 

cyclopropane-1- carboxylic acid2RMM+NH4Cl

3RMM

 369

RMM+ACC

RMM+NH4Cl

RMM2

ACC

SperberSperber, 1958

Ca3(PO4)2

 

Inositol hexaphosphate sperber: ISP

Dalal, 1977

SPSS

MSTATC

Excel

52

48

488878

100200100294390

269250500750

1000

4

196684100

200196294294

5007501000

8

100200 
5007501000

10019696 

110

7Pseudomonas fluorscens B728Pseudomonas 

fluorscens B2833Pseudomonas fluorscens B33

36Pseudomonas fluorscens B3649Pseudomonas 

fluorscens B4975Pseudomonas fluorscens B75

76Pseudomonas fluorscens B76100Pseudomonas 

fluorscens B100105Bacillus mycoides M1

159Micrococcus roseus M2

 

100200

616

555333100

2505007501000

55252940557

445972445100

281000

49200

200

105159333

1000

952445

12

1

 Sarcheshmepour2009

mg l -1mg l -1

2505007501000 100200



2604121389 

100≥RP8513516 9 12 

85≥RP70101924231623

70≥RP55152018111215

55≥RP40181052100

40≥RP25600042

25≥RP≥0200010

52

1027845

1105159

Pal et al., 2005 AnsariMalike2007

200

4008001600

Hu and 

Boyer, 1996

e

dd

ab
bcc

ab
a

cd

a

gg

d
fef

a

cbc

e

b

0

20

40

60

80

100

120

7 28 33 36 49 75 76 100 105 159

جدایه

شد
ش ر

اه
د ک

ص
در

100 200

1100200

     

cdede
cde

abc
ecde

bcdabc
aab

g
f

bc
ecd

bb
d

a

e

0

20

40

60

80

100

120

7 28 33 36 49 75 76 100 105 159

جدایه

شد
ش ر

کاه
د 

رص
د

500 1000

25001000

522105

159200 

500750 

5253200

1051

Motesharezadeh2008

   

159

718

CAS

Hu and Boyer, 1996 

IAA10

73610530

719151147101

3



261 

Khan et al., 2008 

g

c

fe

hh

b
dd

a

0

50

100

150

200

250

7 28 33 36 49 75 76 100 105 159

جدایه

IA
A

 (
µ

g
 m

l 
-1

)

 
3

ACC10

7

28ACC

3336105

ACC2

ACC

 ACC

α

2ACC 

9 mm

ACCACC
٭

NC PCACC

7ijk3ijk3de384 a546a546 

PC
٭٭

 36lm362klm52jkl752 c010Cd416

33m122klm52klm52 d0cd318PC

105cd54b6b755d174bc827

PC30

76hij253cd754def254 e510b830

49hij253def254ghi53f717e717

100klm52fgh753ijk3 f020bc020

75efg873b256cd54 g028cd416

159cd624a7c5 g628 e128 

28mn2n   51 mn2 b8716e0 NC
٭٭

 
٭

ACC60PC≥30 

 PC≤60٭٭
PC

٭٭
NC

3

HD/CD

3 6 12 

7 c1 a071c001 

28 c1a071c001 

33 bc181a241bc171 

36 bc171a231bc171 

49 bc131a21bc141 

75 ab51a41ab331 

76 bc271a41b311 

100 a581 a651 a581 

105 c1a071c001 

159 c1a071c001 

4

HD/CD

3 6 12 

7 c571 d641d741 

28 c671e231e381 

33 c771b522b392 

36 c651cd2bc112 

49 b232b482bc462 

75 c711d711d841 

76 d1bc262c891 

100 a582 a922 a962 

105 d1e1e001 

159 d1e1 e001 



2624121389 

34

Vassilev et al., 2002

Hall, 2002

Vassilev et al., 2002

105159

200

333

1000952

445

ACC

ACC

PGPR

105159

REFERENCES
Alloway, B.J. and  Jackson, A.P. (1991) The behavior 

of heavy metals in sewage sludge amended soils. 

Sci. Total Environ, 100, 151-176. 

Angle, J.S., McGrath, S.P. and Chaudri, A.M.b(1992) 

Effects of media components on toxicity of Cd to 

rhizobia. Water, Air and Soil Pollution, 64, 627-

633. 

Ansari, M.I. and Malik, A. (2007) Biosorption of 

nickel and cadmium by metal resistant bacterial 

isolates from agricultural soil irrigated with 

industrial wastewater. Bioresource Techn, 98, 

3149-3153.

Benavides, M. P., Gallego, S. M. and Tomaro, M. L. 

(2005) Cadmium toxicity in plants. Braz. J. Plant 

Physiol, 17(1), 21-34. 

Clijsters, H. and Van Assche, F. ( 1985) Inhibition of 

photosynthesis by heavy metals. Photosynth. Res, 

7, 31–40. 

Dalal, R.C. (1977) Soil organic phosphorous. Adv. 

Agron, 29, 83-117. 

Gadd, G.M. (2004) Microbial influence on metal 

mobility and application for bioremediation. 

Geoderma, 122, 109–119. 

Glick, B.R. (2003) Phytoremediation: Synergistic use 

of plants and bacteria to clean up the 

environment. Biotechnology Advances, 21, 383-

393.

Glick, B.R., Penrose, D. M. and Li, J. (1998) A model 

for the lowering of plant ethylene concentrations 

by plant growth-promoting bacteria. Journal of 

Theoretical Biology, 190, 63-68.

Hall, J.L. (2002) Cellular mechanisms for heavy metal 

detoxification and tolerance. Journal of 

Experimental Botany, 53(366), 1-11.

He, L. Y., Chen, Z. J., Ren, G. D., Zhang, Y. F., Qian, 

M. and X.F. Sheng. (2009) Increased Cadmium 

and lead uptake of a cadmium hyperaccumulator 

tomato by cadmium-resistant bacteria. 

Ecotoxicology and Environmental Safety, 72(5), 

1343-1348.

Hu X.C. and Boyer, G. L. (1996) Siderophore-

Mediated aluminum uptake by Bacillus 

megaterium ATCC 19213. Applied and 

Environmental, 62(11), 4044–4048. 

Khan, M. S., Zaidi, A., Wani, P. A. and Oves, M. 

(2008) Role of plant growth promoting 

rhizobacteria in the remediation of metal 

contaminated soils. Environ Chem Lett, 7, 1-19. 



263 

Joseph, B., Ranjan Patra, R. and Lawrence, R. (2007) 

Characterization of plant growth promoting 

rhizobacteria associated with chickpea (Cicer 

arietinum L.). International Journal of Plant 

Production, 2, 141-152. 

Motesharezadeh, B. (2008). Study of the possibility of 

increasing phytoremediation efficiency in heavy 

metal-contaminated soil by biological factors. 

Ph.D. dissertation, University College of 

Agriculture and Natural Resource, University of 

Tehran. 

Pal, A., Dutta, S.P., Mukherjee, K. and Paul, A.K. 

(2005) Occurrence of heavy metal resistance in 

microflora from serpentine soil of Andaman. J. 

Basic Microbiol, 45, 207–218. 

Patten, C. L. And Glick, B. R. (2002) The role of 

bacterial indoleacetic acid in the development of 

the host plant root system. Appl Environ 

Microbiol, 68,3795– 801. 

Penrose, D. M. and Glick, B. R. (2001) levels of  ACC 

and related compounds in exudates and extracts 

of canola seeds treated with ACC-deaminase-

containing plant growth promoting bacteria. Can. 

J. Microbial, 47, 368-372. 

Rajkumar, M, Ma, Y. and Freitas, H. (2008) 

Characterization of metal-resistant plant 

promoting Bacillus weihenstephanensis isolated 

from serpentine soil in Poetugal. Basic 

Microbiology, 48, 500-508. 

Reyhani Tabar, A. (2000). The occurrence of 

fluorescent pseudomonad population in the wheat 

rhizospher of cultivated soils of Tehran Province 

and determination of their plant-growth-

promoting potential. M.Sc. dissertation, 

University College of Agriculture and Natural 

Resource, University of Tehran. 

Salt. DE., Blaylock, M., Kumar, P., Dushenkov, V., 

Ensley, B.D., Chetand, I. and Raskin, I. (1995) 

Phytoremediation: A novel strategy for the 

removal of toxic metals from the environmental 

using plants. Biotechnol, 13, 468-475. 

Sarcheshmepour, M. (2009). Evaluation of 

effectiveness of selected plant growth promoting 

rhizobacteria (PGPR) of the Pistacho Trees on the 

nutrition and growth promotion of seedling under 

salt and drought stress conditions. Ph.D. 

dissertation, University College of Agriculture 

and Natural Resource, University of Tehran. 

Schwyn, B. and Neilands, J. B. (1987) Universal 

chemical assay for detection and determination of 

siderophores. Anal. Biochem, 160, 47-56.

Sperber, J.I. (1958) The incidence of apatite-

solublizing organisms in the rhizosphere and soil. 

Aust. Agric. Res, 9, 778. 

Vassilev, A., Vangronsveld, J. and Yordanov, I. (2002) 

Cadmium phytoextraction: Present state, 

biological backgrounds and research needs. 

BULG. J. Plant Physiol, 28(3–4), 68–95. 


