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Fig. 1- Mean of abundance rhizosphere bacteria (a) and mean of root colonization by AMF (b), in different levels of soil
cadmium, respectively
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Table 2- Mean comparison of plant physiological properties in different levels of soil cadmium in control, PGPR
and AMF treatments, respectively

AME PGPR sall S 4y o0 039381 guedls JS°
Control (mg kgh)
(9 POt s sl o Sloe Total Cd addition levels
Shoot dry weight (g pot™) (mg kg™)

0.93+0.11% 0.82+ 0.07 %2 0.47+0.05"2 0

0.79+ 0.09%? 0.53+0.02°° 0.29+ 0.07°° 10
0.58+0.112P 0.41+ 0.08°%¢ 0.16+ 0.03°¢ 30

0.30+ 0.023¢ 0.22+ 0.02°¢ 0.05+ 0.02°¢ 100

(@ POLT)olS ousls s 5 Shoe
Shoot dry relative weight (g pot ™)

1.97+0.1524 1.74+0.213° 1.00+ 0.00"2 0

1.67+0.04 22 1.12+0.09 ° 0.61+0.10°° 10
1.24 +0.28°P 0.88+ 0.08%° 0.35+0.08 ¢ 30
0.63+ 0.12%¢ 0.46+ 0.02%¢ 0.13+ 0.03"¢ 100

(MM g DW) s
Proline ( pM g* DW)

719+ 2.5PP 907+ 3.4%¢ 761.645 P° 0

1023+ 1820 5116+ 453¢ 35446+ 15%° 10

1027+ 21¢P 9267+ 22°P 4409+ 62 30

2754+ 202 13050+ 3532 5279+ P2 100

O 2 5 a0y 8 0 00y0 B Jloial o s gl BB esis (i o 5 sue 0 5, 2 90 5 sl sVl S5~
Jlisl zhau 5 gyll gy sre B (Sl (gl arsbaiz (ygejl ululy S ie By Gl glo (il ol oo

Ry M)o5

The first and second superscript letters on each number, indicate significant different at 5% level in each row
and column, respectively. Means similar letter(s) are not significantly different at 5% probability level, using

Duncan's Multiple Range Test.
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Table 3- Mean comparison of concentration of shoot Cd, extracted Cd and root Cd in different levels of soil Cd
in control, PGPR and AMF treatments

AMF PGPR sals S 4y o0l 0393 puedlS JS
Control (mg kg'h)
(MG KG™) oS o s quasls’ clile Total Cd addition levels
Shoot Cd concentration (mg pot™) (mg kg™)
1.9+ 0.2°¢ 2.9+ 0.3%° 1.4+ 0.2° 0
29.2+ 3.9 53.6+20.8% 36.0% 5.7 10
30.0+ 1.5%° 51.9+ 6.8%° 43,9+ 13.3% 30
38.6+2.2%2 61.6+ 6.9%° 40.2+7.7%2 100

(Mg POt™) s gl 3l osls’
Extracted Cd (mg pot™)

1.9+ 0.30°%¢ 2.4+ 0.08°%P 0.7+ 0.06°¢ 0

21.8+ 0.86%2 22.7+10.0% 9.0+ 0.91°2 10
16.8+ 3.6%%® 22.1+ 3.86% 7.4+ 3.89°% 30
10.8+ 0.622° 13.3+ 2.8%%® 2.2+ 0.71°0¢ 100

(Mg POt aiy, 5 weesls’ clile
Root Cd concentration (mg pot™)

5.740.5°¢ - - 0
16.8+ 0.3" - - 10
27.9+ 42 - - 30
34.6+5.1° - - 100

RUCO P SR S TR \.\.o)és Jl! aw o Syl OS] osims Lis S5 4 s0e o (55 » ped 3 Jgl Vb g,
R () 5l 0s,05 ezl gl 2 g)ll )b gre BB (Sils (ol asloniz fyaejl Lululy Siie Bg> gl slo Sl

o e nns g oy, St (39 SaliS pas
The first and second superscript letters on each number, indicate significant different at 5% level in each row and column,

respectively. Means similar letter(s) are not significantly different at 5% probability level, using Duncan's Multiple Range
Test. (-) Means the inadequacy of the dry weight of the roots to determine the concentration of the metal.
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Fig. 2- Shoot bioconcentration factor (BCF) in different levels of soil Cd in control, PGPR and AMF treatments
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Role of Soil Microbes in Phytoremediation of Cadmium Contaminated Soils
by onopordon (Onopordon acanthium L.)
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ABSTRACT

Microbial inoculation improves plants growth and increases their tolerance to environmental stresses
and induces phytoremediation of heavy metals contaminated soils. In order to evaluate the role of
some strains of AMF (a mixture of Glomus species including G. intraradices, G. mosseae and G.
fasciculatum) and PGPR (a mixture of Pseudomonas species includeing P. putida, P. fluorescens, and
P. aeruginosa) in reclamation of cadmium (Cd) contaminated soils by Onopordon (Onopordon
acanthium L) a factorial experiment based on a randomized complete block design and in three
replications was carried out in greenhouse condition. The first factor was Cd concentration in four
levels including 0, 10, 30 and 100 mg kg™ and the second factor was microbial treatment in three
levels including non-inoculation, and AMF or PGPR inoculation. A soil sample was spiked uniformly
with Cd nitrate salt to create different Cd concentrations. The contaminated soils were then sterilized
and subsequently inoculated with AMF and PGPR. Results showed that with increasing soil Cd
concentration, colonization percent, and abundance of rhizobacteria, shoot biomass and shoot relative
biomass significantly decreased, while proline content and the shoot Cd concentration significantly
increased (P < 0.05). Mean Cd extracted in AMF and PGPR treatments were respectively 3.1 and 2.6
order of magnitude higher compared to the corresponding blank treatments. Therefore, it could be
concluded that inoculation with species of AMF and PGPR can be a promising technique for
enhancing the potential of onopordon plant in extraction of Cd from contaminated soils.
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