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Table 1. Some physicochemical properties of the investigated soil

Texture pH OM N EC P K Fe

Mn

Zn Cu Zn Mn Cd Pb Cu CCE

% dSm? mgkg?

DTPA extractable (mg kg?)

Total (mg kg™) %

Loam 8.350.550.042 3.20 122805.00 9.00

2.00 42.0 29.13500.225.20 327 12.1

EC: Electrical conductivity; CCE: Calcium carbonate equivalent; OM; Organic matter
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Table 2. Some of plant growth promoting characteristics of the studied case strains
Auxin P solubilization Siderophore ACC-deaminase

Strains mg L*? Halo colony™ *

P. putida PA2 4.72 415 1.73 +

P. fluorescence PA3 10.2 374 221 +

: + Bacteria could produce ACC-deaminase aib e jbuels ~ACC (31 odg 0 Sk oUly Slo + ¢
enzyme
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Table 3. Extractants used for single extraction

Extraction procedure Soil:Solution ~ Shaking time (h) Reference

1 M Ammonium nitrate 1:2.5 1(3000 rpm) Gupta & Sinha, 2006

0.005 DTPA 1:2 1(3000rpm) Lindsay & Norvell, 1978
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Table 4. Analysis of variance for the effect different plants on remediation of Cu from soil

Mean square

Source of variation Concentration of

df Dry matter Cu Uptake
Plant 1 . 1.12% 6379 10805**
Error 2 , 0.01 60.9 96.8
CV (%) 8.98 9.38 10.0

**: significant at p<0.01 based on Duncan’s :\Sils ;yse31 (wlel , P<0.01 Jloim! mlaw )5 (5l cme oaims ylis **
test

dlisio (LS (2lgpplail uo ©A2 g (o ChLE (SS9 rRle A lio -8 Jgux
Table 5. Mean comparison of shoot dry weight, Cu concentration and Cu uptake in different type of

plants
Shoot
Treatment Plant type dry weight Cu concentration Cu uptake
g pot™ mg kg™ pg pot™*

Maize crop 2.32a 48.5f 111c
plants

Sorghum Crop 1.37bc 26.1g 36.0f
plants

Wheat crop 1.39b 110¢ 154b
plants

Canola Crop 1.08d 150b 161b
plants

Ajwain Medicinal 1.01d 48.0f 49.0def
Plants

Indigenous

Zygophyllum plants 0.66e 172a 115¢

Salvia Medicinal 1.17¢d 47.6f 56.0de
Plants

Amaranth Indigenous 0.62¢ 74.3¢ 46.3¢f
plants

Fennel Medicinal 4 oo 54.0f 66.0d
Plants

Yellow sweet Indigenous 0.69 91.9d 63.3de

clover plants

Field pumpkin Crop 2452 91.3d 222a
plants

iibge SIS 303 bl 1 oo ys gy mhaw 5o o sime NS W8l S i g o (gl (sla i Sile gt 2 00
In each column means followed by the same letters are not significant different according to Duncan’s multiple range
test at p<0.05
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Figure 1. The effect of plant growth promoting rhizobacteria on DTPA and NH4NO3 extractable Cu from

rhizoshere
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Figure 2. The effect of plant growth promoting rhizobacteria on soluble and exchangeable (a), Fe-Mn associated
(b), organic matter associated (c) and residual (d) form of Cu from rhizoshere
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Table 6. Analysis of variance for the effect different plants and bacteria on dry matter, Cu concentration, Cu
uptake and translocation factor (TF) in shoot and root

Mean Square

Source of Shoot Root Shoot

variation of dry dry Shoot Cl.J Root Cu. Cu Root Cu TF
. . concentration  concentration uptake
weight  weight uptake

Plant 4 #26.1 =5 67 #4671 6039™ 9221™  225496™ 0.402™
Bactria 2 =131  *0.270 *703 17113™ 3073™  43725™ 0.003"
Plant*Bacteria 8  0.305™  *0.024 369™ 1929 623" 8046™ 0.017™
Error 30 0.030 0.008 14.4 288 66.6 597 0.002
CV (%) - 9.28 10.0 13.3 114 19.9 15.7 12.8

OSils 5031 bl 5 P<0.01 5 P<0.05 ;o (5,ls cimo 5 (5,0 sime pae oaims (jlis sl & ** 5> NS

ns, * and **: not significant, significant at p<0.05, and significant at p<0.01, respectively based on Duncan’s
test.

(TF) JUsl )5556 5 (0,59 2 0 )5 o) a5 3 (9@l )0 (oo SIS 33 (655 3 05 Kot 1 (uSilion dunny Uo —Y Jour
Table 7- Mean comparison of the effect of plant and bacteria on shoot and root Cu concentration (mg kg™)
and Translocation factor (TF)

Plant Shoot dgta
Bacteria
Control PA2 PA3
Maize 28.9h 11.3h 12.0h
Wheat 13.4h 14.6gh 14.3gh
Canola 38.6¢ 90.6a 71.9b
Zygophyllum 26.7¢ef 29.5de 34.4cd
Field pumpkin 16.0gh 23.8ef 20.6fg
Plant Root da_lta
Bacteria
Control PA2 PA3
Maize 142b-d 211a 198a
Wheat 125de 169b 159bc
Canola 92.0fg 133c-e 116d-f
Zygophyllum 110ef 142b-d 157bc
Field pumpkin 78.99 168b 224a
Plant TF dat_a
Bacteria
Control PA2 PA3
Maize 0.063e 0.053e 0.063e
Wheat 0.106e 0.086e 0.093e
Canola 0.423b 0.696a 0.630a
Zygophyllum 0.246¢ 0.206¢cd 0.223cd
Field pumpkin 0.203cd 0.146de 0.093e

il e SOl (yge3] Lulal s doyd iy ke 50 o e BB A8 S e By > sl slo Lo
Means followed by the same letters are not significant different according to Duncan’s multiple range test at p<0.05.
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Table 8. Mean comparison of the effect of plant and bacteria on shoot and root dry weight (g pot™)

Shoot data
Bacteria
Plant Control PA2 PA3
Maize 2.50c 3.22b 3.14b
Wheat 0.580d 0.745d 0.700d
Canola 0.610d 0.825d 0.845d
Zygophyllum 0.560d 0.671d 0.646
Field pumpkin 3.44b 4.96a 4.68a
Root data
Bacteria
Plant Control PA2 PA3
Maize 2.00b 2.43a 2.47a
Wheat 0.323i 0.386hi 0.405¢-i
Canola 0.420f-i 0.601e 0.583ef
Zygophyllum 0.410f-i 0.573e-g 0.553e-h
Field pumpkin 0.770d 1.10c 1.03c

Al e Sl (g3l lel r dopd i gelaw 48l e BB ABB S pte By, sl slo Lo
Means followed by the same letters are not significant different according to Duncan’s multiple

range test at p<0.05.
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Table 9. Mean comparison of the effect of plant and bacteria on shoot and root Cu uptake

(g pot™)
Shoot data
Plant Bacteria
Control PA2 PA3
Maize 23.2e-g 36.7¢ef 37.8e
Wheat 7.83¢ 10.8g 10.2g
Canola 23.3e-g 75.9c 60.7d
Zygophyllum 14.99 19.8¢g 22.3fg
Field pumpkin 55.1d 119a 96.4b
Root data
Plant Bacteria
Control PA2 PA3
Maize 283b 514a 489a
Wheat 40.3¢ef 64.6ef 64.6ef
Canola 38.3f 79.0ef 68.0ef
Zygophyllum 44.7ef 81.6ef 87.0e
Field pumpkin 61.0ef 186d 234c

il ce 5SSl (yge3] bl s 0o )0 O mlans 13 lo ire BN w8l S i By > (sl (slajlas
Means followed by the same letters are not significant different according to Duncan’s multiple range test at p <

0.05.
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Abstract

Remediation of heavy metals contaminated soils by plants is one of the most cost-effective and
environmentally friendly methods. In some cases, useful soil microorganisms are used to increase
the plants efficiency in heavy metal remediation. The aim of this study was to investigate the effect
of rhizospheric pseudomonads on increasing the phytoremediation efficiency in copper (Cu)-
contaminated soils. The first experiment was carried out in a completely randomized design in three
replications with 11 plant treatments (Maize (Zea mays), sorghum (Sorghum bicolor), wheat
(Triticum aestivum), canola (Brassica napus), Fennel (Foeniculum vulgare), Amaranth
(Amaranthus), Salvia (Salvia officinalis), Zygophyllum (Zygophyllum), Ajwain (Trachyspermum
ammi), alfalfa (Medicago sativa) and pumkin (Cucurbita)). The highest Cu concentration and uptake
were related to Zygophyllum with 173 mg kg™ and pumkin with 222 ug pot™, respectively. Five
plants including pumpkin, maize, wheat, canola, and Zygophyllum were selected based on the
highest Cu concentration and uptake of for the second experiment. The second experiment was
designed in a completely randomized design with two factors including plant types at five levels
(pumkin, maize, canola, wheat and Zygophyllum) and three levels of bacteria (non-bacterial
inoculation, Pseudomonas putida PAZ2 strain, Pseudomonas fluorescence PA3) in three replications.
In this section, the shoots and roots dry weight; Cu concentration and uptake in shoots and roots, as
well as the chemical changes of the Cu in the rhizosphere were investigated. The use of both strains
of the bacteria significantly increased the dry weight, concentration and uptake of Cu in shoots and
roots compared to the control. Among the plants, pumpkin had the highest uptake of Cu in shoots
due to high biomass (90.2 ug pot™) (the most effective in phytoextraction) and maize due to its high
root weight had the highest Cu uptake (428 pg pot?) (effective in high Phytostabilization).
Investigation of the chemical forms of Cu in the rhizosphere showed that inoculation by PA2 and
PA3 growth-promoting bacteria increased 41.9 and 37% of soluble and exchangeable forms of Cu
respectively, and decreased the residual form of copper up to 7.05 and 6.41%. The overall results
showed that the growth-promoting bacteria play an effective role in increasing the phytoremediation,
especially the phytoextraction and pumpkin with the highest Cu uptake was the most efficient plant
in the Cu phytoremediation in this study.
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