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Table 1. Some chemical and physical properties of soil and amendments.

REEESIETgW fro—lr g ARSI »SS 5 S Sns
Biochar-600  Biochar-400  Biochar-200  Walnut leaf Soil Properties
10.4 93 52 4.8 75 pH
8.06 5.63 4.42 3.11 0.82 EC (@S m™) S0 oyl
19.9 229 285 30.5 10.7 (S 2 I A S Pl i
CEC (Cmol* Kg™)
9.2 4.0 33 22 - Surface area (m’g") (5 » mn5) o305 o
54.63 47.98 49.15 43.05 0.13 0C (1s,3) JT p S
- - - - 78 Sand (4 ,5) o5
- - - - 15 Silt (1o s) S
- - - - 7 Clay (1s,3) o
_ _ _ _ LN Texture sl
Loamy sand
- - - - 28.4 CaCO;s (1o 3) pudSly S
- - - - 333.6 DTPA-TEA — pb (mgkg") s jis 53
6.7 6.3 5.5 42 7933 Total pb (mg kg") JS <
_ _ _ _ 0015 Total N(%) S 055,25
- - - - 13.1 P(mgkg') jojiws 53 yiud
- - - - 43.0 K (mgkg') s 53 ool
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Table 2. Means’ comparisons of effects of pyrolysis temperatures, biochar rates and their interactions on

shoots and roots dry weight of maize.

(-Lﬂ))) Cl:”«
Level (%) )l}_‘ﬁ .,\23}4 L;La; e.,\wscwl
Pyrolysis temperature (°C) amendment
2 1 0.5
Jﬂfb e!.,\ﬂ S O
Shoot dry weight
dals
3.540.29" 3.540.29" 3.540.29"
Control
ol 4o Ll
4.7¢ 4.6+0.1° 4.7+0.19° 4.7+0.09° R S
Biomass
5.6° 5.5+0.17¢ 5.6+0.1¢ 5.5+0.39¢ 200
7.4° 7.8+0.64" 7.5+0.32"" 6.8+0.36" 400 S
7.9 8.1+0.13% 7.9+0.02% 7.8+0.07% 600 Biochar
6.5 6.4 6.2
alyy SEF 05
Root dry weight
dals
2.4+0.07" 2.440.07" 2.4+0.07"
Control
ol 4o Ll
3.2¢ 3.240.01%PF 3.240.08%"F 3.140.13 DT SR
Biomass
3.4° 3.4+0.12%PF 3.340.07%"F 3.4+0.04%° 200
4.4 4.740.02° 4.6+0.04° 3.9+0.07 400 S s
5.0° 5.240.09°* 5.1+0.07°* 4.7+0.14°8 600 Biochar
4.1° 4.0° 3.8°

b bl oSl Sl e Sl sdiasilis Sglize S8 Gpm el 35kl o £ Lg a LSS ¥ ke e esls

Uj"}) L dals “ C,wwa La)la.:? Jzil.:a )‘AL;L'.A Q}Uﬁ slaasolis Q}U.T.a u_f)f d})} G| Loy 0 JL&J}‘ Cb—w B fisher-LSD uﬁr})

sl Aoy 0 Jlaz| Ch—w _» fisher-LSD

Each data is mean value of three replications with standard errors. Different lowercase letter(s) represent significant
differences between treatments by fisher-LSD's test at P<0.05. Different uppercase letter(s) for each application rate
represent significant differences between unamended and amended soils by fisher-LSD 's test at P<0.05.
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Table 3. Means’ comparisons of effects of pyrolysis temperatures, biochar rates and their interactions on Pb

concentration in shoots and roots.

(Asy3)
i Cl:ﬂd )l%}? .,\23}3 L;La; e.,\;;scwl
Level (%) _
Pyrolysis temperature (°C) amendment
2 1 0.5
Shoot _lsa 5w
A A A J'QL"'
31.0+0.448 31.0+0.448 31.00.448
Control
ol 4o Ll
29.0° 28.3+0.493" 29.5+1.78"F 29.1+0.176" O S
Biomass
25.0° 24.5+0.153°¢ 25.420.819°¢ 25.240.491°¢ 200
22.5¢ 21.6+0.570" 22.120.203% 23.840.666™ 400 g
20.6° 19.8+0.088" 20.6+0.219 21.3+0.233" 600 Biochar
23.6° 24.4% 24.9°
Root «is
A A A J'QL"'
636.9+11.3 636.9+11.3 636.9+11.3
Control
ol 4o Ll
598.2%  578.4+43.95P 601.6+37.045¢ 614.7+53.5%" O S
Biomass
535.5 520.1+3.1°¢ 536.7+7.1PF 549.6+4.75PF 200
500.3"  490.7+18.0" 499.4434.1% 510.7+5.2"" 400 S e
416.6° 406.4+15.1° 410.3+2.3¢ 433.0+21.8F 600 Biochar
498.9 512.0 527.0

b bl S0le Ll ine sl sdeasilis Sslite SKom S Gy e ool kil gl E ld e LSS T 5 Ske e sl s
uf«})l._w_uugwl.a)u; Jzil.:a )‘AL;L'.A Q}Uﬁ slaasolis Q}U.T.a u_f)f d})} G| -Lﬂ)éo JL&J}‘CEM)JﬁSheT-LSD uﬁr})

sl Aoy 0 Jlaz| Ch—w _» fisher-LSD

Each data is mean value of three replications with standard errors. Different lowercase letter(s) represent significant
differences between treatments by fisher-LSD's test at P<0.05. Different uppercase letter(s) for each application rate
represent significant differences between unamended and amended soils by fisher-LSD 's test at P<0.05.
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Table 4. Means’ comparisons of effects of pyrolysis temperatures, biochar rates and their interactions on Pb

bioaccumulation factor and Pb translocation factor.

Level (%0) Pyrolysis temperature
o amendment
2 1 0.5 °0)
BF
dals
0.080+0.0014* 0.080+0.0014* 0.080+0.0014*
Control
ol 4o Ll
0.075*  0.073+0.0055**°  0.076+0.00474%¢ 0.077+0.0067" I S
Biomass
0.068°  0.066+0.0004"" 0.068+0.0009°F 0.069+0.0006°°PF 200
0.063"  0.062+0.0023%  0.063£0.0043" 0.064+0.0007 400 o g
0.053° 0.051£0.0019° 0.052+0.0003¢ 0.055+0.0028"¢ 600 Biochar
0.063 0.065 0.066
A8 Jlsl ey o
TF
dals
0.049+0.000 0.0490.000 0.049+0.000
Control
o)l 5o Ll
0.049 0.049+0.004 0.049£0.003 0.048+0.004 ‘
Biomass
0.047 0.047+0.001 0.047+0.002 0.0460.001 200
0.045 0.044+0.003 0.045+0.003 0.047+0.001 400 o g
0.050 0.0490.002 0.050+0.000 0.049+0.002 600 Biochar
0.047 0.048 0.047
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Each data is mean value of three replications with standard errors. Different lowercase letter(s) represent significant
differences between treatments by fisher-LSD's test at P<0.05. Different uppercase letter(s) for each application rate
represent significant differences between unamended and amended soils by fisher-LSD 's test at P<0.05.
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DTPA-TEA b sads So,las o p bOT blize §1 5 jlake (ol g a5 slos U oKl aslio -0 Jpa>

Table 5. Means’ comparisons of effects of pyrolysis temperatures, biochar rates and their interactions on

DTPA-extractable Pb.

(Asy3) Cl:..u
Level (%) )l%}? .,\23}4 L;La; a.stcwl
Pyrolysis temperature (°C) amendment
2 1 0.5
A A A Aals
333.6=10.5 333.6=10.5 333.6=10.5
Control
ol 4o Ll
284.1°  272.3+4.1%C 279.241.0% 301.043.7° DT SR
Biomass
249.8° 233.6+4 4% 247.5+3.5° 268.3+3.2°¢ 200
c G fEF cdD
206.6 175.4+2.5 203.447.0 240.9+7.4 400 o g
195.1¢ 169.8+2.2¢ 199.9+1.3F 215.842.5F 600 Biochar
212.8° 232.5° 256.5°
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Each data is mean value of three replications with standard errors. Different lowercase letter(s) represent significant
differences between treatments by fisher-LSD's test at P<0.05. Different uppercase letter(s) for each application rate
represent significant differences between unamended and amended soils by fisher-LSD 's test at P<0.05.
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Table 6. Pearson correlation coeffcient between DTPA-extractable Pb and maize growth indices (n=13).

D23 S
Pb DTPA-extractable Characteristics
Shoot dry weight Shoot
00555 it el 53 e il
Concentrations in shoot
0.93%% ) SE2 03 o
Root dry weight Root
0.91%* o 2 e Bl
Concentrations in root
0.91%* WS C“-" 5 \-ﬁlfP gﬁ“—ﬁl:g LSL‘BU&L"‘
Bioaccumulation factor Phytoremedation indices
LS Jlasl 5
025 o e

Translocation factor

** Significant at P<0.01.
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Abstract

Background and Objectives: Today, it is necessary to develop biological soil remediation
methods that are cost-effective and eliminate pollution without degrading soil fertility. So,
studies have been done to reduce the mobility and bioavailability of heavy metals. Recently,
biochar is widely used to reduce the toxicity of heavy metals. Biochar is a carbon-rich organic
matter, which is produced from pyrolysis of residues under limited oxygen conditions. It is
made up of polycyclic aromatic hydrocarbons in which carbon atoms are annularly bounded.
Aromatic structure makes it resistant to biological and chemical changes. This carbon-rich
material has many functional groups such as, hydroxyl, ketone, ester, aldehyde, amine and
carboxyl and significant amounts of humic and fulvic organic acids, which their composition
and heterogeneous surface can exhibit different hydrophilic or hydrophobic properties and
acidic and basic features. Therefore, biochar has the capacity to stabilize organic and inorganic
materials. Furthermore, this material can reduce the risk of entering heavy metals contamination
into food chain due to its surface area, porous structure, high pH and CEC. The aim of this study
was to investigate the application of Walnut leaves and biochars produced from which at three
temperatures of 200, 400 and 600 °C on the availability and uptake of lead by maize (Zea mays
L. Cv. Single cross 704).

Materials and Methods: In this study, a pot experiment was conducted, consisting of soils
treated with 0, 0.5, 1 and 2 percent (w/w) of Walnut leaves and its derived biochars produced at
200, 400 and 600 °C. Walnut leaves and biochars were mixed with 3 kg of soil in 3 replicates
and were incubated for 45 days in greenhouse conditions. After incubation, 3 seeds of maize
were planted in each pot while adding fertilizers needed. Shoots and roots were harvested after 8
weeks of planting. The maize indices (shoot and root dry weights, Pb and Zn concentration in
shoots and roots, bioaccumulation factor and translocation factor) and DTPA-extractable of pb
in soils were determined.

Results: The results showed that DTPA-extractable of pb and its bioaccumulation reduced by
increasing the producing temperature and the application rate of biochars in calcareous soils.
Treating soil with 0.5, 1 and 2% of biochar produced at 600 °C, significantly reduced pb
concentration in shoots by 31.3%, 33.5%, 36.1%, respectively and pb concentration in roots by
32.0%, 35.6% and 36.2%, respectively (P<0.05). Physiological responses showed that modifiers
were effective for increasing the ratio of shoot to root of maize throughout its growth. Treating
soil with 2% of biochar produced at 600 °C, increased significantly the dry weight of shoot and
root by 131.4% and 116.7%, respectively compared to the control. Also, results showed that the
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DTPA-extractable of pb decreased by increasing the producing temperature and the application
rate of amendments in soils. Treating soil with 0.5, 1 and 2% biochar produced at 600 °C,
reduced the Bioavailable soil Pb concentrations (DTPA extraction) by 35.3, 40.1 and 49.1%,
respectively (P<0.05). Therefore, biochars were able to reduce the contamination of Pb in
treatments and increase maize dry weight.

Conclusion: Biochar decreased the concentration of Pb in plant tissues and increased maize
growth by reducing the bioavailable soil Pb concentrations (DTPA extraction). Therefore,

biochar can be assisted to maize for phytostabilizing Pb in soil and improving phytoremediation.
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