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Table 1- Some chemical and physical properties of soil and biochars

Properties Soil Walnut Biochar- 200 Biochar- 400 Biochar- 600
&9 se leaf - Sy JUE - Gy JUE — gy JE
PrS Yoo oo Tee
pH 7.5 4.8 52 9.3 10.4
(se y iosj o) S0yl cylim culls 0.82 3.11 4.42 5.63 8.06
EC (dS m™)
32U Jsesile) eslS Jols cud s 10.7 30.5 28.5 22.9 19.9
(b5
CEC (cmol, kg™")
(55 52 quyoyio) 039 gdamw - 22 33 4.0 9.2
Surface area (m’ g™")
S s OC (%) 0.13 43.05 49.15 47.98 54.63
o5 Sand (%) 78 - - - -
e Silt (%) 15 - - - -
o+ Clay (%) 7 - ; - -
cél, Texture osoys Loamy sand - - - -
edS el S CaCO5 (%) 284 - - - -
(PS5 52 £S5 o) odlisol LB (59, 1904 - - - -
DTPA-TEA - Zn (mg kg™)
(25 5hS 3 o5 She) US 59, 35758 14.4 27.6 44.9 46.8

Total Zn (mg kg™

EC (1:10) 4 pH-H,O (1:10) : (Amendment) o8zl **

.EC (1:2) 4 pH-H,0 (1:2) : (Soil) s *
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Table 2- Effects of pyrolysis temperatures, biochar rates and their interactions on shoots and roots dry weight of maize

Wy lows Cdl b5 sbod &hw Level
Treatments Pyrolysis temperature (%)
(§9) 0.5 1 2
ol 3.5+0.29E 3.5+0.29E 3.5+0.29E
Control
oAt JIE5 4.7+0.09D 4.7+0.19D 4.6+0.1D 4.7d
Biomass
i) J&j 200 5.5+0.39C 5.6£0.1C 5.5+0.17C 5.6¢
Biochar
400 6.8+0.36B 7.5+0.32AB 7.8+0.64A 7.4b
600 7.8£0.07A 7.9+0.02A 8.1+0.13A 7.9a
6.2 6.4 6.5
Root 4y,
ol 2.4+0.07F 2.4+0.07F 2.4+0.07F
Control
oM gt JIE5 3.1+0.13eE 3.24+0.08deDE 3.2+0.01deDE 3.2d
Biomass
iy JE5 200 3.4+0.04dD 3.3+0.07deDE 3.4+0.12deDE 3.4c
Biochar
400 3.94+0.07¢C 4.6+0.04bB 4.7+0.02bB 4.4b
600 4.7+0.14bB 5.1+0.07aA 5.240.09aA 5.0a
3.8b 4.0a 4.1a

0 Jlis! gdaw > fisher-LSD gy b bylos (:ke 5 gime ciglas odimd ()l glite S8 By o ! dliilinl (gllad £ jlog 2 J1,SO Y (ko jlade 03l
Gl 2o )3 O Jlais| maw > fisher-LSD gy b cdald dy o I jlawd ko HId gize iglas oaimd i wglate 550 B9y sl duoyd

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- Effects of pyrolysis temperatures, biochar rates and their interactions on Zn concentrations in shoots and roots of

Lo CdlE b5 sl &b Level
Treatments Pyrolysis temperature (%)
(9] 0.5 1 2
len 5 Shoot
sols 687.1+£3.8A 687.1+£3.8A 687.1£3.8A
Control
oM gt JIE5 694.1£6.6aA 688.0+9.9aA 682.4+20.0abAB 688.2a
Biomass
) J&; 200 672.3+7.5abcABC ~ 654.0+£1.9bcC 652.8+3.6¢C 659.7b
Biochar
400 657.8+13.7bcBC 608.3+2.5dD 577.9+18.8¢E 614.7¢
600 558.9+1.3¢fEF 554.04+4.8¢efEF 538.6+3.7fF 550.5d
645.8a 626.1b 612.9b
4y, Root
swls 6760.3+£27.6A 6760.3+£27.6A 6760.3+£27.6A
Control
oM gt JIE5 6746.4£125.0A 6845.2+67.2A 6841.3+£50.1A 6811.0a
Biomass
i) J&; 200 6651.8+181.5AB  6610.5+28.7AB  6467.3+105.0B 6577.0b
Biochar
400 5948.5+35.9C 5858.3+110.8C 5686.3+11.8C 5831.0¢
600 4918.7+85.2D 4686.7+88.2DE  4530.9+135.9E 4712.1d
6066.3a 6000.2ab 5881.4b

O Jlis| zdaw > fisher-LSD gy b b ylos (:ke 5 gime cigles odimd (b iglite S8 By o ! dlailinl (gllad £ jlog 2 J1,SO Y (ko jlade 03l
Gl 2o )3 O Jlais| maw > fisher-LSD ig) b cdald dy s jlasd nSlio HId gize iglas oximd i wglate 55 Bgps sl duo >

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- Effects of pyrolysis temperatures, biochar rates and their interactions on Zn bioaccumulation factor and Zn
translocation factor

L los CdlE b5 sl &hw Level
Treatments  Pyrolysis temperature (%)
(WY) 0.5 1 2
() o5 o po BF
wls 0.189+0.0008A 0.189+0.0008A 0.189+0.0008A
Control
oMt Lty J5 0.189+0.004AB 0.191+0.002A 0.191+0.001A 0.19a
Biomass
s J&5 200 0.186+0.005AB 0.185+0.0008AB 0.181+0.003B 0.184a
Biochar
400 0.166+0.001C 0.164+0.0031C 0.159+0.0003C 0.163b
600 0.138+0.002D 0.131+0.003DE 0.127+0.004E 0.132¢
0.170a 0.168ab 0.164b
2l Juwl copo TF
swls 0.102+0.000C 0.102+0.000C 0.102+0.000C
Control
oddd s J5 0.103+£0.001C 0.101+0.002C 0.10+0.003C 0.101c¢
Biomass
iy JEj 200 0.101£0.002C 0.099+0.001C 0.101£0.002C 0.10c
Biochar
400 0.111+0.002B 0.104+0.002C 0.102+0.003C 0.105b
600 0.114+0.002AB 0.118+0.001A 0.1194+0.004A 0.117a

0.107

0.105

0.105
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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 5- Effects of pyrolysis temperatures, biochar rates and their interactions on soluble Zn and DTPA-extractable Zn

Loy Cdllb,S slod &hw Level
Treatments  Pyrolysis temperature (%)
O 0.5 1 2
Jsbxe (59, Soluble Zn
by 0.895+0.003A 0.895+0.003A 0.8954+0.003A
Control
oAt JIE5 0.61+0.04abBC 0.63+0.02abBC 0.65+0.01aB 0.629a
Biomass
iy JE5 200 0.62+0.01abBC 0.595+0.02abcBCD 0.4+0.006fG 0.538b
Biochar
400 0.57£0.02bcdCDE ~ 0.53240.02cdeDEF 0.49+0.01¢eF 0.531b
600 0.52+0.05deEF 0.42+0.01fG 0.33+0.006gH  0.421c
0.578a 0.543b 0.468¢
oMb 8 ySoylas g9, DTPA-extractable Zn
Jols 190.4+£0.9A 190.4+0.9A 190.4+0.9A
Control
oS i) JIE5 187.0+£2.0A 174.7+3.5B 170.0+0.7BC 177.2a
Biomass
iy JE5 200 161.6+3.7D 151.6+4.3E 148.8+0.9E 154.0b
Biochar
400 164.0+2.3CD 152.8+2.3E 137.6+£2.8F 151.5b
600 140.8+1.8F 139.24+0.9F 124.043.2G 134.7¢
163.3a 154.6b 145.1¢
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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 matrix between Soluble Zn, Zn-DTPA and maize growth indices (n=13)

79 Joow 59)  DTPA-TEA L osd (5,50 bas 5,
Characteristics Soluble Zn DTPA-extractable Zn
Shoot Shoot dry weight
Concentrations in shoot
Ady )y Aoy Sas 7) -0.79%* -0.87**
Root Root dry weight
ady) 59y clole 0.70%** 0.81%*
Concentrations in root
wYbolS sla jasli I UV 0.70%* 0.81**
Phytoremedation indices  Bioaccumulation factor
-0.58%* -0.59%*

2l Jsl oo s
Translocation factor

o3 B Jlain] o 53 4l xe ¥ o )d N Jlain] g )5 Iy resen
™ Significant at P< 0.01 , * Significant at P< 0.05.
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Introduction: Anthropogenic activities have transformed the global geochemical cycling of heavy metals.
Mine tailings are of great concern due to the detrimental effects of toxic inorganic elements causing
environmental risks. Zinc (Zn) as an essential element is required in small amounts for various biochemical
reactions and physiological functions. However, high concentrations of Zn can induce oxidative stress. Applying
an organic amendment is a promising, in situ phytostabilization approach to alleviate the phytotoxic effects of
heavy metal in contaminated soils. The application of biochar as an amendment may be a solution to reduce the
risk of pollutant diffusion. Biochars is a fine-grained biological residue combusted under low oxygen conditions,
resulting in a porous, stable carbon-based material. The potential biochar applications include carbon
sequestration, soil fertility improvement, and pollution remediation; therefore, it can reduce pollutants mobility
and bioavailability.

Materials and Methods: Results of this research indicated that biochars decreased Zn concentration in
maize shoots and roots. They reduced Zn concentration in the shoot/root of maize. Zinc concentration in shoots
and roots of maize (Zea mays L.) harvested at 60 days after sowing, decreased with increasing thermochemical
temperature and application rate of biochar. In treated soil with 2% (w/w) biochar prepared at 600 °C, Zn
concentration in shoots and roots decreased by 21.6 and 33.0 % respectively (p<0.05). Physiological responses
showed that WB applications improved the shoot/root growth and dry biomass (root and shoot). In comparison
with the control, the highest shoot and root dry matter values were found in 2% (w/w) biochar-600 °C treatment
by 131.4 and 116.7% respectively (p<0.05). Zinc bioaccumulation towards plant decreased with increasing
thermochemical temperatures and application rate of biochars. Determination of bioaccumulation factor (BF)
and translocation factor (TF) indicated that bioaccumulation factor is higher than translocation factor in maize
planting. For the treatment biochar produced at 600 °C, BF, and TF were 0.132 and 0.117 respectively. Thereby
maize can be considered as a potential phytostabilizer. At the same time efficiency of phytostabilizing nature of
maize can increase together with the application of biochar. The results showed that water and DTPA-extractable
Zn concentrations were significantly (p < 0.05) lower in Walnut leaves biochars treated soils than those in
unamended soils. Bioavailable Zn concentration (soluble and DTPA-extractable Zn) decreased by increasing
WB thermochemical temperature and application rate.In comparison with the control, the 2% biochar-600 °C
significantly reduced soluble and DTPA-extractable Zn by 63.1 and 34.9 % respectively (p<0.05). A significant
positive correlation coefficients was found between soluble Zn and Zn concentrations in plant shoot and root
(0.72, 0.70, p < 0.01), and between DTPA-extractable values and shoot and root Zn concentrations (0.90, 0.81, p
< 0.01, respectively). There is a negative correlation between soluble Zn and shoot and root dry weight (-0.78, -
0.79, p < 0.01 respectively), and between bioaccessible Zn and shoot and root dry weight (-0.88, -0.87, p < 0.01,
respectively). Importantly, the results of the Pearson correlation analysis revealed a negative relationship
between biochar surface area (and production temperature) and DTPA-extractable Zn in the soil, suggesting
biochars produced at higher temperature played a more important role in immobilizing heavy metals.

Results and Discussions: The results indicated that biochars decreased Zn concentration in maize shoots and
roots. Zinc concentration in shoots and roots of maize (Zea mays L.) harvested at 60 days after sowing date,
decreased with increasing thermochemical temperature and application rate of biochar. In treated soil with 2%
(w/w) biochar prepared at 600 °C, Zn concentration in shoots and roots decreased by 21.6 and 33.0 %,
respectively (p<0.05). Physiological responses showed that WB application improved the shoot/root growth and
dry biomass (root and shoot). In comparison with the control, the highest shoot and root dry matter values were
found in 2% (w/w) biochar-600 °C treatment by 131.4 and 116.7%, respectively (p<0.05). Zinc bioaccumulation
towards plant decreased with increasing thermochemical temperatures and application rate of biochars.
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Determination of bioaccumulation factor (BF) and translocation factor (TF) indicated that bioaccumulation
factor is higher than translocation factor in maize planting. For the treatment biochar produced at 600 °C, BF and
TF were 0.132 and 0.117, respectively. Therefore, maize can be considered as a potential phytostabilizer. The
efficiency of phytostabilizing nature of maize can be increased by application of biochar. The results showed that
water and DTPA-extractable Zn concentrations were significantly (p< 0.05) lower in the soils treated by Walnut
leaves biochars as compared with those in unamended soils. Bioavailable Zn concentration (soluble and DTPA-
extractable Zn) decreased by increasing WB thermochemical temperature and application rate. In comparison
with the control, the 2% biochar-600 °C significantly reduced soluble and DTPA-extractable Zn by 63.1 and
34.9 %, respectively (p<0.05). A significant positive correlation coefficient was found between soluble Zn and
Zn concentrations in plant shoot and root (0.72, 0.70, p< 0.01), and between DTPA-extractable values and shoot
and root Zn concentrations (0.90, 0.81, p< 0.01, respectively). There was a negative correlation between soluble
Zn and shoot and root dry weight (-0.78, -0.79, p< 0.01 respectively), and between bioaccessible Zn and shoot
and root dry weight (-0.88, -0.87, p< 0.01, respectively). Importantly, the results of the Pearson correlation
analysis revealed a negative relationship between biochar surface area (and production temperature) and DTPA-
extractable Zn in the soil, implying the fact that the biochars produced at higher temperature played a more
important role in immobilizing heavy metals.

Conclusions: Our results denote that WB application to a contaminated soil has the potential of in situ
remediation by immobilizing Zn, thereby reducing metal availability to maize. Given that Walnut leaf is a
readily available agricultural residue, we suggest that its conversion to biochar and incorporation into a
contaminated soil can be an achievable and cost-effective approach to mitigate metal exposure of maize. The
WB has the potential to significantly affect the behavior of Zn in soil by altering its solubility and availability. In
conclusion, these results highlight the biochar potential to mitigate the metals phytoaccumulation and reduce
metal exposure of maize. Further experiments are needed not only to define the biochar potential in
phytoremediation but also to better understand the criteria for choosing the best ingredient. The results of this pot
experiment are encouraging and need to be confirmed with the long-term field experiments.
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