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Effects of biochar on the properties of soil lightly contaminated with lead in Southern Hunan and bioaccumula-
tion and translocation of lead in rice plants

XU Ji-min, ZHANG Ping’, LIAO Bo—han, GENG Qin, LI Qian, PENG Pei—qin

(College of Environmental Science and Engineering, Central South University of Forestry and Technology; Hunan Engineering Laboratory for
Control of Rice Quality and Safety, Central South University of Forestry and Technology, Changsha 410004, China )

Abstract: The objective of the present study was to investigate the remediation effect of biochar derived from corn straw (BC) at application
rates of 0, 0.5%, 1.0%, and 2.0% on the properties of lead—contaminated soil and bioaccumulation and translocation of lead in rice plants by
means of a pot experiment. The results showed that application of BC increased soil pH values by 0.50~0.67, soil organic matter(OM ) by
6.9%~25.1%, and soil cation exchange capacity( CEC ) by 24.7%~41.3% and decreased contents of soil TCLP—extractable Pb by 4.4%~
25.9%. The contents of soil TCLP—-extractable Pb were found to have significant negative correlations with OM and with soil CEC values.
When applying the same amount of BC, there were obvious differences in soil pH values, OM contents, soil CEC values, and contents of soil

TCLP-extractable Pb between the rice seedling stage and the mature stage. At the rice seedling stage, soil pH values and OM were relatively
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higher; whereas at the rice mature stage, soil CEC values and contents of soil TCLP—-extractable Pb were relatively higher. Among different

rice parts, iron plaques accumulated the most Pb, and husks had the highest Pb—transferring capacity. The experiment indicated that apply—

ing BC increased Pb bioaccumulation in iron plaques and husks and decreased Pb contents in rice roots, straw, and brown rice. When the

amounts of BC applied were higher than 1%, the Pb contents in brown rice were lower than 0.2 mg-kg™, which met the safety standard in
the National Food Standards(GB 2762—2017 ). It was obvious that BC could effectively ameliorate light Pb contaminated soil in the South—

ern Hunan mining area and significantly reduced Pb accumulation in brown rice.

Keywords : soil; lead contamination; biochar derived from corn straw; rice; accumulation and translocation
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Figure 1 Effect of biochar derived from corn straw on pH values

of the tested soils
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Figure 2 Effect of biochar derived from corn straw on organic

matter of the tested soils
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Table 1 Effect of biochar derived from corn straw on CEC

of the tested soils

IKAFAER Jiti 1< FRe/ % CEC/cmol kg™
FATEE] 0 18.99+0.00¢
0.5 23.24+0.05b

1 24.09+0.32b

2 27.07+0.0%

IR 0 19.33+0.66¢
0.5 24.11£0.16b

1 27.310.74a

2 26.50+0.06a

T R BRI - I (R bR ol 22 , )8 Bdie S5 A [F) 5 B 3R R 7E

0.05 KV T 225 3o

Note: Data in the table show meanzstandard error of 3 replicates, dif—
ferent letters after the data of same column indicate significant difference of

0.05.
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Figure 3 Effect of biochar derived from corn straw on Pb toxicity

leaching of the tested soils
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T2 EAFEFRITKBEEMNL Pb S EHFNG
Table 2 Effects of biochar derived from corn straw on Pb contents

in various rice organs

R WFR/ EXUV wacl v )
mg-kg™ mg-kg™! mg-kg™ mg-kg™ mg-kg”

it 2% 155 /%o

1

0 166.49a 30.20a 4.82a 0.45b 0.63a

0.5 171.55a  24.70ab 4.04b 0.53ab 0.41ab
1 183.63a  24.69ab 4.04b 0.62ab 0.18b
2 242.14a 19.97b 3.69b 0.72a 0.19b
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Table 4 Correlations between Pb bioaccumulation and translocation

factors in rice and basic properties of the tested soils(r)

1 3ERfEAEFE BCFs,  TF, TF, TF,, TF, &k Pb
pHf  -0.586* -0.568 0.239  0.567 —0.853%% —0.782%*
HHE  -0.553 0324 0425 0547 -0.797%* -0.767**
CEC -0497 -0.447 0.114 0.636* —0.900%* —0.787**
TCLP,  0.581% 0398 -0.467 -0.594* 0.671% 0.641*

T R SRR P<0.05 A1 P<0.01 B KT-, T,
Note: * and ** represent significant levels of P<0.05 and P<0.01 re—

spectively. The same below.

R 3 ERFEFRX Pb FEKEFEEFEHIRM

Table 3 Effects of biochar derived from corn straw on Pb bioaccumulation and Pb translocation in rice organs

it /% BCFy, TF; TF, TF,, TFy,
0 0.128+0.02a 0.205+0.07a 0.162+0.01a 0.093+0.01b 1.381+0.25a
0.5 0.110+0.01a 0.146+0.02a 0.168+0.02a 0.133+0.03ab 0.778+0.08ab
1 0.106+0.00a 0.135+0.01a 0.164+0.01a 0.154+0.01ab 0.265+0.03b
2 0.090+0.00a 0.100+0.03a 0.185+0.01a 0.202+0.04a 0.287+0.12b

T : BCFy, WA Pb AR AL R LG TF, O PhAARSR BRI AR R A 54638 R EG TF, Jy Ph MARFR 2 250 (95612 255 TR, O P A ZEME B FC i fe

IBRE TR, Ph WA TE EREKAYHZ R B TIE.

Note: BCFp, means bioaccumulation factor of Pb in rice root; TF; represents translocation factor of Pb from iron plaque to roots; TF, represents transloca—

tion factor of Pb from roots to straw; TF,, represents translocation factor of Pb from straw to husk ; TF), represents translocation factor of Pb from husk to brown

rice. The same below.
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Table 5 Correlations between Pb contents and Pb bioaccumulation
and translocation factors in brown rice and iron plaque

surface on the root(r)

AL BCFp, TF; TF. TF, TFy,

R Pb 0.774*%%  0.590* -0.465 -0.403 0.927**
WEREHH PL -0362  -0.706* -0.044 0.431 -0.172
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