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Abstract: To assess the impacts of tobacco stalk biochar on tobacco (Nicotiana tabacum) growth and leaf
yield, soil properties and metal immobilization in soil, and non-bioavailability to plants in a soil contaminated
with Cu, Pb, and Cd, a pot experiment with biochar application rates of 0, 20, 40, and 80 g-kg™ was conducted
in Pingshan Experimental Ground in Zhejiang A&F University in 2016. And the biochar was mixed with 4 kg
soil filled into plastic pots in a randomized design with 4 replications per treatment. Results compared to the

control with no biochar additions, showed increases in soil pH, soil fertility, and soil enzyme activity indices as
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well as a decrease in soil heavy metal bioavailability with increasing application of biochar from 20 g-kg™ to 80
g-kg™. With a biochar application rate to the soil of 80 g-kg™, content of soil organic matter and soil available
P increased significantly (P<<0.05) (2.0 and 3.4 times, respectively), and the geometric mean of enzyme ac-
tivities (GMea) also significantly increased (P<<0.05) (24.8% ). Additionally, 40 g-kg™ of biochar added to
the soil led to the highest immobilization effect with decreases on Cu (33.7%) and Pb  (29.5%) in the soil.
Furthermore, with addition of biochar to the soil both number of tobacco leaves and foliar biomass increased
significantly (P<<0.05). With a biochar application rate of 40 g-kg™ to the soil, foliar fresh biomass was high-
est at nearly 50% higher than the control. At the same application rate of biochar to soil (40 g-kg™), Cu and
Cd concentrations in tobacco leaves significantly decreased (P<<0.05) to the lowest level. Thus, it may be fea-
sible to use biochar derived from tobacco stalk waste to remediate metal-contaminated soils which can then be
re-used for tobacco cultivation, and based on this study, 4% would be a suitable application rate for the
biochar. [Ch, 3 fig. 4 tab. 40 ref.]

Key words: soil science; biochar; tobacco stalk biochar; soil remediation; heavy metals bioavailability; soil en-

zymes aclivities; tobacco production
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Figure 1 FT-IR characterization of the tobacco stalk biochar
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Table 1 Soil pH and nutrient contents under different treatments

b ¥ pH {H w g/ (g-kg™) w pn/ (mg-kg™) w g/ (mg-kg™) w gl (grkg™)
TB, 7.76 + 0.06 d 29.73 £2.74 d 222.76 = 16.58 b 19.71 £ 338 ¢ 0.10 = 0.003 be
TBy 7.85 £ 0.03 ¢ 39.38 +2.46 ¢ 228.51 £2221b 27.10 = 7.66 ¢ 0.11 = 0.006 ¢
TBy 797 £ 0.04 b 4743 +7.11b 231.26 + 24.88 b 42.80 + 6.76 b 0.12 + 0.005 ab
TByg, 8.14 + 0.05 a 60.08 + 4.97 a 27496 + 1549 a 67.50 £ 8.74 a 0.12 £ 0.008 a

Y] s TBo Jy X M, 3 SC/INE 7 RE AR [R] 51 AN [ 4k B ] f) S22 35 1 22 S 0K ~F (P<<0.05)
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Figure 2 Concentrations of the DTPA extractable heavy metals in soils under different treatments
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Table 2 Effects of tobacco stalk biochar on soil enzymes activities under different application rates

b B R/ (mg-g'-h™) B VLR I/ (mg-g'-h™) W%/ (mg-g'-h™") bR 4 G R
TB, 13.83 + 041 ¢ 0.67 £0.52 b 0.36 + 0.08 a 1.49 ¢
TBy 16.54 £ 1.75 b 0.96 + 0.72 ab 025+0.12b 1.58 b
TBy 1693 + 3.81 b 0.97 £ 0.74 ab 0.23 £ 0.04 b 1.56 b
TBs 20.49 + 3.06 a 1.50 + 1.12 a 0.21 £ 0.03 b 1.86 a

YL s BESC/NE R [ 9 A ] A B ) Y 2 35 4 22 S K (P<<0.05)
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Table 3 Correlation between soil DTPA-extractable heavy metals and soil physical and chemical properties

it 1 A A Rk KR B AL pH {8 B A 2 i i
il -0.88 -0.86 -0.66 -0.92 -0.90 -0.74 0.91 0.99*
i -0.98* -0.96* -0.89 -0.99%* -0.98* -0.81 1.00 0.95
i -0.90 -0.871 -0.71 -0.94 -0.92 -0.71 0.95 1.00

Yl * FoR P<0.05 AN ) ; ** FoRm P<0.01 CRUEAZIN)
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Table 4  Effects of different tobacco biochar application rates on agronomic indexes of tobacco stems

b ¥ 2 /em B RO E R i /em I fem I T /g
TB, 87.25 +3.20 a 15.00 = 0.00 b 16.00 = 1.41 b 36.25 + 2.36 a 85.00 + 10.98 ¢
TBy 95.75 £ 5.56 a 16.25 £ 0.96 a 19.75 £ 2.22 a 41.00 = 4.08 a 119.00 = 11.05 b
TBy4o 94.00 + 837 a 16.25 £ 0.96 a 2225 +3.77 a 40.00 + 3.46 a 125.00 = 10.07 ab
TBgy 9575 +4.35 a 16.25 £ 0.50 a 20.38 + 1.10 a 41.13 £ 193 a 137.00 = 5.72 a

VLT e [R50 K T E SN R R R AN [ A B 22 S K AP (P<<0.05)
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Figure 3 Effects of different treatments on concentration of heavy matals in leaves on tobacco
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