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Table 1. Analysis variance of biochar levels and bacteria inoculation on white willow dry matter

Source of variation df Leaf dry weight Shoot dry weight Root dry weight Total dry weight
Biochar 2 0.29™ 0.04" 1.70™ 3.99"
Bacteria 1 0.009" 0.05" 1.14™ 1.89"
BacteriaxBiochar 2 0.06™ 0.05" 0.16™ 0.56™"
Error 12 0.04 0.01 0.05 0.07
Coefficient of variation (%) - 21.41 13.01 24.36 20.9
B So by w2 (b 50 weyd 1) g So gk slagdan ;3 (Sl Re S92 ()3 Sae Sz pas ea AT o 54 T 5 TTE NS VL Jgaz 5
il oo

Significant F-test value was indicated by *(p< 0.05), **(p< 0.01), ***(p< 0.001), and ns= not significant obtained by one-way ANOVA
analysis.
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Table 2. Main effects of biochar application rate and bacterial inoculation on dry matter of white willow

Biochar application rate (%)

Seedlings tissues Control (without bacteria inoculation)  Control (without bacteria inoculation)
0 2.5 5 0 25 5

Dry weight of leaf (g pot™) 0.93° 1.23% 1.49° 1.20% 1.11% 1.48
Dry weight of shoot (g pot™) 0.85° 1.09° 1.16° 1.172 1.08? 1.162
Dry weight of root (g pot™) 1.08¢ 1.26% 1.89° 1.69° 1.39% 2.66°
Total dry weight (g pot™) 2.86¢ 3.58¢ 4.55° 4.06° 3.58° 5.302
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Different letters within columns indicate significant differences according to Tukey's multiple range tests.
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Table 3. Variance analysis of biochar levels and bacteria inoculation effects on soil pH, bioavailability and
removal efficiency of Cu, Pb, and Cd.

biavalable Cu removal biavalable Pb removal Biavalable Cd removal

Source vatiation df pH Cu efficiency Pb efficiency Cd efficiency
Biochar 2 0.02™ 41.84™  465.9™  77.08™ 169.95™" 0.547""  44.33™
Bacteria 1 0.02™ 24.35™ 720.75"" 537.677" 753.49™" 0.567"" = 46.48"
Biocharx Bacteria 2 0.005™ 4.72™ 20.77" 11.1m 86.03™ 0.058" 2.95
Error 12 0.001 0.19 17.31 6.71 14.634 0.03 0.738

Coefficient of

T - 0.87 15.23 21.91 20.46 17.44 16.61 17.44
variation (%)

aByb Sy Glly a5 b o e ) 5 o ke )3 S0 357 (S e D97y pas enas (i e T 9T g NS YL Jya o
eI

Significant F-test value was indicated by *(p< 0.05), **(p< 0.01), ***(p< 0.001), and ns= not significant obtained by one way ANOVA
analysis.
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Figure 1. Variation of soil pH in the control (without biochar and bacteria), biochar amendment at various
levels (2.5 and 5% of soil wight) with (B+) and without (B-) bacteria inoculation for white willow seedlings
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Figure 2. Variation of bioavaibility and removal efficiency of Pb (A and B), Cu (C and D), and Cd (E and F)
in the control (without biochar and bacteria), biochar amendment at various levels (2.5 and 5% of soil wight)
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Table 4. Analysis of variance of biochar application rate and bacterial inoculation on BCF and TF of Cu, Pb,
and Cd in white willow

4 )96 5 6L rdli 9 (S JU5 ok Jlosl 5T (il ylg 4 5o —F Jgur

Source of vatiation df CuBCF CuTF PbBCF PbTF CdBCF CdTF
Biochar 2 2.93"™ 0.073" 0.85™ 0.001™ 13.30™ 0.02"
Bacteria 1 1477 0.012" 1.11" 0.001™ 11.76™" 0.004"
BiocharxBacteria 2 0.193"™ 0.018" 0.17"™ 0.0001™ 1.97"" 0.004"
Error 12 0.01 0.003 0.008 0.00004 0.08 0.001
Coefficient of variation (%) - 2459 1151 2195 19.07 2345 23451
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Significant F-test value was indicated by *(p< 0.05), **(p< 0.01), ***(p< 0.001), and ns= not significant obtained by one-way ANOVA

analysis.
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Figure 3. Variation of bioconcentration factor and translocation factor of Pb (A and B), Cu (C and D), and Cd

(E and F) in the control (without biochar and bacteria), biochar amendment at various levels (2.5 and 5% of
soil wight) with (B+) and without (B-) bacteria inoculation, for white willow seedlings
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Abstract

Biochar is known as a widely-use amendment in improving phytoremediation efficiency through
the increase of plant growth; whereas its influence (either individually or in combination with
bacteria) on the reduction of heavy metals (HMs) bioavailability of soil is an important advantage.
This study was planned to assess the effects of separately and combined of biochar produced by
forest wood wastes of hornbeam at three levels of 0, 2.5 and 5% of soil dry weight and
Pseudomonas fluorescens bacteria on growth properties of potted white willow (Salix alba L.)
seedling in a HM contaminated soil (Pb, Cu, and Cd). The variation of bioavailability (BA) and
removal efficiency (RE) indexes, and bioaccumulation (BCF) and translocation (TF) factors also
were analyzed in the treatments. The experiment was conducted under greenhouse condition for a
160 days’ period. The results showed that the variation in most growth components of seedlings
was significant in the separate and combined treatments. The combined treatment of bacteria-
biochar (at 5% level) increased the dry weight of leaf, shoot, root and total plant about 59, 36, 142,
and 85% in comparison to the control (without the biochar and bacteria). In the biochar treatments,
the BA, RE (except Pb), BCF, and TF (only in 2.5% of biochar) for Pb, Cu, and Cd were 13-57, 4-
47, 29-60, and 16-33% lower than those in control, respectively. These indexes were improved by
up to 191, 79, 84, and 13% in the bacteria-biochar treatment in compared to the individual
application of biochar. In overall, according to our findings, the combination of biochar-bacteria
led to the HMs bioavailability and improving the white willow function to eliminate soil HMs. So
that, co-application of biochar and bacteria as soil amendments can increase growth parameters in
white willow seedling and improve HMs bioavailability of plant in phytoremediation process.
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