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Table 1- Selected physico-chemical properties of studied soil

. keS| lage
Property 39 Unii \;al ue
Sand o gkg? 323
Silt o gkg? 403
Clay o gkg* 274
Soil texure SB Bl oS ]
Organic mater Sl lse gkg* 26.9
Cation exchange capacity ( CEC) SeslS Jols eud s cmolckg® 221
Electrical conductivity (EC) S glil ojlas (S SI colan dsm? 25
Exchangeable Sodium Percentage (ESP) 5 s Jo % 3
Calcium Carbonate Equivalent. (CCE) Joleo pundS” 5l )8 % 30.5
pH pH 8.1
Soluble Ca?* Joloes waunls’ mg kg* 0.53
Soluble Mg?* Jolxe wsie mgkg! 0.8
Soluble Na* Jobxe w3 mgkg! 1047
Soluble K+ Joloes uuslty mg kg* 0.0
Soluble HCOy Jsloe liyyS o mgkg! 246
Soluble CI Jola I8 mg kg* 6.68
Soluble SO,> Jobre Slilgu mgkg! = 1.67
Total Pb Gy JS mgkg! 2142
Total Cd ool S mg kg'* 1.47
Total Fe onl JS mgkg® 2955
Tota Zn $9y JS mg kg* 62
Total Cu o JS mgkg? 1411
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Table 2- Mean comparison of yield, relative yield, shoot height and baserespiration at different levels of soil Cd in control,
PGPR and AMF treatments
S 5 539331 oaeslS S (Control) aals PGPR AME
4{ D 035 3 Mnb oq o
Added Cd to soil (mg kg% 2l L 3o
Shoot yield (g pot™)

0 0.47+ 0.05 2 0.82+ 0.07 32 0.93+ 0.11 32
10 0.29+ 0.07 ¢P 0.53+ 0.02°F 0.79+ 0.09 32
30 0.16+ 0.03°¢ 0.41+ 0.08 3¢ 0.58+ 0.113°
100 0.05+ 0.02 ¢¢ 0.22+ 0.02°4 0.30+ 0.02 3¢

o[; n)l...;us u...u.: A)S\Lo.c
Shoot relative yield (g pot™)

0 1.00+ 0.00 P2 1.74+0.21 22 1.97+0.15 *2
10 0.61% 0.10 ¢P 1.12+0.09 PP 1.67+0.04 22
30 0.35+0.08 °¢ 0.88+ 0.08 2° 1.24+0.283°
100 0.13+ 0.03°¢ 0.46+ 0.02 3¢ 0.63+0.12 3¢

fat3)
Plant height (cm)

0 7.5+ 0.8%2 11.2+1.2P2 16+1.0%2
10 6.4+ 0.2°2 6.5+1.0 0P 155+1.3%2
30 6.0+0.3°2 6.0+ 0.6 °P 11.2+2.63
100 4.1+1.3°P 4.3+ 0.6°° 7.6+ 0.83¢

b (i
Base respiration (mgCO, day kg™ soil)

0 113.7+ 752 219.6+ 4332 198.4+6 32
10 81.5% 6°° 128.3+1 3P 119.2+14 3P
30 433+70¢ 117.6% 1430 104.6 + 33°
100 17.1+ 104 91.8+ 112" 94+ 6 3b°
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B0 Ao )3 ez gdaws 5> d)lni GId (ixe BB SOl (gl oldais O,ﬁji bl p Sy Gg s )y gl 1 Sbe
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 rangetest
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Table 3- Mean comparison of plant physiological properties at different levels of soil Cd in control, PGPR and AMF
treatments
) . (Control) sals PGPR AMF
S @y 000 839381 puodlS’ IS -
Added Cd to soil (mg kg™) A Jedg 5
Chlorophyll a (mg g'FW)
0 2.90+ 0.27 2 3.49+ 0.36 22 3.68+0.17 32
10 2.13+.048°P 2.49+0.35 3.06% 0.243°
30 1.46+ 0.20 *© 2.11+ 0.253b 2.10+ 0.16 3¢
100 1.04+ 0.07°¢ 153+ 0.21 3¢ 1.60+ 0.072¢
bss,
Chlorophyll b (mg g'tFw)
0 1.13+0.332 2.02+ 0,19 32 0.94+ 0.14 >3
10 0.43+ 0.22°P 1.69+ 0.22 20 0.49+ 0.14°P
30 0.18+ 0.05°° 1.24+0.113¢ 0.34+ 0.14°°
100 0.26+ 0.15°° 0.68+ 0.03 ¢ 0.28+ 0.03°°
J5 Jidgyls
Total Chlorophyll (mg g'FW)
0 4,02+ 02302 551+ 0.42 32 4.61+ 0.3°2
10 2.92+ 0.15°° 3.82+0.322° 3.55+ 0,21 3°
30 2.29+ 0.23°¢ 2.70+ 0.33¢ 2.45+ 0.07 ¢
100 1.79+ 0.09 24 1.72+0.08 24 1.88+ 0.08*
g9l
Cartenoids (mg g™:FW)
0 1.06+ 0.25 22 1.25+ 0.20 32 1.07+ 0.70 22
10 1.13+ 0.07 2@ 1.23+0.08 %2 1.01+ 0.10 3®
30 0.68+ 0.09 °° 1.02+ 0.03 2° 1.00+ 0.05 3®
100 0.60+ 0.10 P 1.00+ 0.01 2° 0.91+ 0.03%°
RWC (%)
0 71.6+ 11.7 32 81.2+ 9122 78.7+ 223
10 72,6+ 5238 82.5+7.8%2 78.9+ 9.232
30 752+ 5232 81.2+ 5832 741+ 813
100 69.6+ 2,572 88.3+ 1.1 78.9+ 7.5%02

LBl (g0 s s g ady y 13 20y Jlatol e 53 (ool EMST esimd (U5 (5 4 200 5m 59y 2 p92 9 gl gVl o

5,85 00,30 Jlain ! gaw 3 (g)lol (> me BUB] 5SSls (ol atalssin (ygej] bl St By (il slo (1 Sike
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 rangetest
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Table 4- Mean comparison of shoot Cd, Fe, Zn and Cu concentration at different levels of soil Cd in control, PGPR and
AMF treatments

(Control) sals

PGPR AMF

SB a4y 00 03938 wuadlS” JS
Added Cd to soil (mg kg'})

0ylud L puodls” clale

Shoot Cd concentration (mg kg™®)

0 1.4+ 0.2%° 2.9+ 033 1.9+ 0.2°¢
10 36.0+ 5,702 53.6+20.8 22 29.2+ 3.9
30 439+ 13332 51.9+ 6.8 %2 30.0+1.5%
100 402+ 7.7 61.6+ 6.9 22 386+ 223
(Mg kg™ ojlusls ool clale
Fe concentration (mg kg™)

0 87.6+ 0.01 22 93.2+ 7.8%2 116.9+ 16.832
10 60.5+ 5.4 P 74.4+7.70%® 83.6+ 573
30 420 453 62.3+ 7.9%° 722+ 923

100 19,5+ 2.13¢ 27.6+1.9% 29.7+ 5.3%¢
(MG KG™) o,lusls gy, clalé
Zn concentration (mg kg™)

0 30.4+5.932 28.0+9.332 36.7+3.132
10 17.6+ 7.43® 29.0+0.5 32 31.3+ 4.63®
30 9.4+ 0.8°° 22.8+0.9b2 29.1+ 052"
100 5.4+ 0.3°° 23.5+ 0.01 22 20.7+ 5.13¢

(M KGY) o luisls e clale
Cu concentration (mg kg'?)

0 11.0+ 0.5°2 12.3+ 1.7 2 14.8+1.132
10 11.0+ 0.6 32 11.7+1.732 11.9+ 0.83®
30 5.6+ 1.33° 8.0+ 0.5%® 8.8+ 1.43°
100 2.3+ 08°¢ 5.2+ 0.4 3 47+1.0%3°

LBl (g0 gty g iydy i 0 2oy Jlail o 5 (gl BMST oimd (L5 o 4 202y (555 2 P32 9 gl sVl By
U 2 )30 Jloss | pdans ‘_;)Lc] &> (re MBI SOl (gl alebsais 09»)‘] ol Syt By gyl b (:SSle
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 rangetest
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Figure 1- Mean mycorrhizal root colonization at different levels of soil Cd
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Introduction: Heavy metals (HMs) are serious threat for environment due to their dangerous effects. These
metals as contaminants that can be accumulated in soil and after absorption by plants, finally will be found in
food chains. Cadmium (Cd) is one of the dangerous HMs that threats the health of plants, living organisms and
human. Physicochemical remediation methods may cause large changes in different characteristics of soils .
Recently environmental-friendly strategies including phytoremediation have been emphasized by researchers.
Phytoremediation that refers to the use of plants and their assistance with microorganisms for remediation of
contaminated soils is an effective and low cost method for reclamation of heavy metals polluted soils. The most
important limitation of phytoremediation is low availability of heavy metals and sensitivity of plants to
contamination. There are evidences that soil microbes can help to overcome these limitations through several
ways. Plant growth promoting rhizobacteria (PGPR) and arbuscular mycorrhizal fungi (AMF) are known to
enhance plant growth and survival in heavy metal contaminated soils through different mechanisms including
producing promoting metabolites, auxin, siderophore and antibiotics. In this study the role of some strains of
PGPR (a mixture of Pseudomonas species including P. putida, P. fluorescens, and P. aeruginosa) and AMF (a
mixture of Glomus species including G. intraradices, G. mosseae and G. fasciculatum), on uptake and
accumulation of Cd, Fe, Zn and Cu as well as some physiological properties of Onopordon (Onopordon
acanthium L) were evaluated.

Materials and Methods: This study was carried out under greenhouse condition as a factorial experiment
based on a randomized complete block design with two factors including Cd concentration (four levels) and
microbial treatment (three levels) in three replications. Consequently, a soil was selected and spiked uniformly
with different concentrations of Cd (0, 10, 30 and 100 mg Cd kg™ soil) at greenhouse of agricultural college in
Urmia University. The contaminated soils were then sterilized and subsequently inoculated with arbuscular
mycorrhizal fungi (a mixture of Glomose species including G. intraradices, G. mosseae and G. fasciculatum)
and plant growth promoting rhizobacteria (a mixture of Pseudomonas species includeing P. putida, P.
fluorescens, and P. aeruginosa). The seeds of Onopordon plants were grown in 2.5 kilogram pots under
greenhouse condition. At the end of growing season the shoot dry weight, Cd, Fe, Zn and Cu concentration and
element contents and some of physiological parameters of plant as well as microbia properties were analyzed.
Furthermore, the effect of soil Pb level on population, activity and efficiency of the inoculated microbes was
studied.

Results and Discussion: Significant difference was observed for plants’ dry weights. At different Cd levels,
the yield of inoculated plants was higher than that of control plants. Furthermore, at elevated Cd concentration,
plant height, biomass, relative yield, chlorophyll a, b, carotenoids, relative water content (RWC) decreased
significantly (P < 0.05), however, plants inoculated with plant growth promoting rhizobacteria and arbuscular
mycorrhizal fungi showed considerable amount of dry matter, chlorophyll a, b as well as RWC. Mycorrizal and
bacterial inoculation and Cd treatment also had significant effect on leaf photosynthetic pigments concentration
and plant relative water content. In general, concentrations of photosynthetic pigments and RWC were higher in
inoculated plants at every level of soil Cd. The microbial inoculation effectively decreased the inhibitory effects
of Cd on plant growth. Shoot yield of arbuscular mycorrhizal fungi and plant growth promoting rhizobacteria
plants increased by 2.7 and 2.1 times as well as microbial respiration increased by 2.17 and 2.01 times compared
to control treatment. The results showed inoculated plant absorbed more Cd than non-inoculated plants. Plant
growth promoting rhizobacteria were more effective than arbuscular mycorrhizal fungi inoculation in shoot Cd
concentration. Cd contamination reduced soil microbial population and basal respiration. Results showed that
with increasing soil Cd concentration shoot Fe, Zn and Cu concentrations significantly decreased. Root
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colonization rates decreased significantly with 10 mg kg™ Cd addition for AMF treatments, and drastically with
100 mg kg™ Cd added. Plant roots in the control and PGPR treatment were not colonized.

Conclusion: It is concluded that plant growth promoting rhizobacteria and arbuscular mycorrhizal fungi
inoculation could be sustained and promoted plant growth in phytoremediation processes. Therefore, under Cd
contamination it can be use PGPR and AMF as growth promoters and finaly enhance phytoremediation
efficiency.

Keywords: Cd Toxicity, Heavy Metals, Microbial Inoculation, Onopordon acanthium, Physiological
Properties



