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Effects of biochars on bioavailability of Pb, As, and Cd in the rhizosphere and non-rhizosphere soil of corn
and wheat seedlings

HUANG Li—yue', DING Zhu—hong'", HU Xin*, CHEN Yi—jun’

(1.School of Environment, Nanjing University of Technology , Nanjing 211816, China; 2.Center of Material Analysis, Nanjing University,
Nanjing 210093, China)

Abstract: Biochar is a carbon-rich composite derived from the slow pyrolysis of biomass feedstock in the absence of oxygen. It has been
widely investigated for carbon sequestration, soil remediation/restoration, and soil fertility. In this study, biochars were prepared through the
slow pyrolysis of scrap paper, wood chips, and dehydrated sludge under limited oxygen at 600 °C. Different levels (0.5% and 5%) of the re-
sulting biochars were added to soil from a lead-zinc mining area of Qixia in Nanjing;the soil was contaminated with heavy metals. Laborato-
ry experiments were then conducted on corn(Zea mays L. cv. Suyu 44) and wheat ( Triticum aestivum L. cv. Nongmai 88) seedlings via rhi-
zo—bag pot cultures. The bioavailabiliy of Pb, As,and Cd in the rhizosphere and non-rhizosphere soil of the seedlings, and the accumulation
of the former in the roots of the seedlings, were investigated. The results showed that the CaCl,—extractable , EDTA—extractable , and dilute—

HCl-extractable fractions of As, Cd, and Pb in the rhizosphere and non-rhizosphere soils of the seedlings in the groups treated with the bio-

WimEE:2018-04-09 A BH:2018-07-12

TEE B AL E(1990—) , 5 WL BN o A N 4R 15 Y8 52 L HEDFSY . E-mail : 1833298876@qq.com
HEIE1EE : TAT4.  E-mail : dzhuhong@njtech.edu.cn

BE&TE : EK ARF 2SI H (21677075)

Project supported : The National Natural Science Foundation of China(21677075)



PR B IR/ N3 AR S AR BRI PR 5 Pb As B Cd AE A RUPERIBE IR S, 349

chars were lower than those in the control group, to which the biochars were not added. With the increase in biochars levels from 0.5% to

5% , the extractable As, Cd,and Pb content decreased significantly ; however, the reduction in the extractable fractions of As, Cd, and Pb in
the non—rhizosphere soils was generally clearer than that in the rhizosphere soils. The effects of biochars with different physicochemical
properties on the extractable As, Cd, and Pb in soils were related to the extractants (CaCl,, EDTA, and dilute HCI) and the extracted ele-
ments (As, Cd, and Pb) , but no unified rules were observed. There were no significant differences between the rhizosphere and non—rhizo-
sphere soils from which the water—soluble As,Cd,and Pb had been extracted by CaCl., but some of the exchangeable and carbonate-bound,
iron/manganese—bound, and organic matter—bound fractions extracted by EDTA and dilute HCI differed significantly. The As, Cd, and Pb
content in the roots of the seedlings in the groups treated with biochars were lower than those in the control group. With the increase in bio-

chars from 0.5% to 5%, the decrease in contents of As,Cd,and Pb was more significant; wood chip— and sludge—based biochars were better

at reducing As, Cd,and Pb enriched in the roots of the seedlings than the scrap paper—based biochar.

Keywords: biochar; heavy metals; rhizosphere soil ; bioavailability ; phyto—enrichment
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Table 1 BET characteristics , elemental compositions , ash contents(AC ), and yields of three biochars

5 H AT Yt ¢ LB B em g T m JERAUR Flemental composition/% — Jesyi %

Ttems Specific surface area Void content Average pore size C H 0 N Ash content Yield
PB 270 0.158 59.9 1.75 1.01 0.314 36.9 26.7
WB 375 0.203 88.4 2.36 4.94 0.152 4.34 35.8
SB 45.7 0.095 16.1 0.82 5.98 1.810 75.3 51.9

T CHLO N FAUR S LU 73 80, O B 2 o 22 a3 At

Note:C,H,O,N and ash are all measured by mass fraction, the quality fraction of O is calculated by subtraction.
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Table 2 Bioavailable contents in the rhizosphere and non—rhizosphere soil of wheat seedlings (mg-kg™)

15 H Ttems R-As N-As N-Cd R-Pb N-Ph
CaCLIEHUZ CaCl-extractable
CK 10.622.4a 12.3%1.5a 5.24+0.88a 6.81+1.26a 22.542.6a 24.3+2.5a
0.5%PB 8.95+1.55a 10.4+1.3a 5.16+1.18a 6.52+0.86a 20.1+1.8ab 16.1+1.7¢
5%PB 6.43+0.63b 5.82+0.82¢ 4.32+0.54a 5.04+0.73b 16.8+1.7¢ 14.2+1.52¢
0.5%WB 4.62+1.3¢ 8.21+1.26hc 5.23+0.64a 6.24+0.96a 18.4+1.8¢ 20.7+2.7b
5%WB 3.75+0.35d 3.62+1.37e 4.64+0.63a 5.84+0.88a 13.2+1.6d 15.3+1.8¢
0.5%SB 9.45+1.55a 9.92+0.95ab 5.08+0.52a 6.56+1.36a 21.8+1.7a 21.2+2.6ab
5%SB 2.75+0.38d 5.21+0.86d 3.04+0.82b 3.32+1.32¢ 19.4+1.6hc 20.3+1.6b
EDTA #2HUA EDTA-extractable
CK 46.1%3.7a 55.546.1a 20.6+2.2a 24.1%3.4a 1894230a 2152+34a
0.5%PB 40.2+4.3h 50.4+5.1a 18.1x1.9a 20.4+2.7ab 18242284 1984232¢
5%PB 28.7+5.2¢ 43.2+5.2b 13.2+1.4b 15.8+2.5b 1528+30b 1725+28d
0.5%WB 43124 .4a 53.2+4.7a 19.1£2.2a 22.5+2.6a 1751232ab 2044+31b
5%WB 40.1£5.1b 50.1+4.1a 17.5+1.9ab 20.7+2.3ab 1482+31b 1935+33¢
0.5%SB 43.123.9ab 44.7+4.7h 20.122.2a 21.1%2.1ab 1802+29a 2033+32b
5%SB 40.1x4.2b 35.4+4.5¢ 17.6=1.6ab 18.422.7b 1685+31ab 1831228¢
Fii HCHHZ U HCl-extractable

CK 121£11.1a 132+6a 26.1+1.8a 28.2+2.2a 2336+35a 2592+31a
0.5%PB 118+12.9a 128+8a 25.6%1.4a 27.6%2.7a 2208+27h 2582+24a
5%PB 94.2+12.9¢ 122+8h 21.2+1.7b 23.6+2.6b 2109+27¢ 2452+29h
0.5%WB 101£11b 105+7¢ 23.8+2.1ab 25.742.7ab 2124+36be 2502+26a
5%WB 69.8+9.7d 81.5+7.6d 16.6=1.6¢ 16.6=1.7d 1868+28d 2246+26¢
0.5%SB 110£11a 115£7b 24.622.2a 22.442.1bc 2291+28b 2464+33h
5%SB 100£9h 106+8¢ 19.9+1.2b 20.5+3.4¢ 2211+30b 2081+32d

T« [ — AN ) /ING B 3RIR 28 53 .25 (P<0.05,n=5) s R ARER ;s N AR BR . 323 1A,

Note: Different lowercase letters in the same column indicates significant difference (P<0.05,7=5) ; R indicates root; N indicates non—root. The same

table 3.
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R3 ERYERELFNERFLFENERISEETRRERNE (ng-kg")

Table 3 Bioavailable contents in the rhizosphere and non—rhizosphere soil of corn seedlings (mg-kg™)

R-As N-As R-Cd N-Cd R-Pb N-Pbh

CaCLEEHUZ CaCl-extractable
CK 10.4+1.8a 12.8+1.7a 5.97+0.63a 7.25+1.12a 24.3+3.1a 26.1+1.9a
0.5%PB 8.56+1.79ab 10.8+2.4b 5.87+0.85a 6.88+1.46a 22.2+1.3b 25.3+2.1a
5%PB 6.42+1.45h 6.57+2.54c 5.21+0.33ab 5.52+1.44b 20.6+1.6¢ 23.2+2.1b
0.5%WB 9.83+1.54a 11.2+0.8b 5.04+0.66b 5.72+0.27b 18.8+1.3d 22.1+1.9h
5%WB 8.92+1.52a 10.5+2.1b 3.52+0.66¢ 4.0320.89¢ 13.6=1.1f 16.3+1.8d
0.5%SB 9.29+1.35a 11.121.7b 5.52+0.75a 5.83+0.41b 20.6+2.7¢ 22.1+1.5b
5%SB 8.12+1.46ab 10.8+2.1b 4.95+0.72b 4.72+0.59¢ 14.6x1.5¢ 18.2+1.5¢

EDTA #£HUZS EDTA-extractable
CK 47.5+3.9a 54.4+3.1a 20.4+1.2a 23.5+2.8a 2074+28a 1830+34a
0.5%PB 39.542.5¢ 50.2+2.6b 19.120.9b 22.5+1.8a 2026+32a 1757+32a
5%PB 35.6+2.2f 26.8+2.1f 18.120.8b 18.920.7¢ 1883+33b 1652+29b
0.5%WB 45.7+2.4b 45.7+2.9¢ 18.5+1.8b 18.5+1.8¢ 1887+35h 1800+30a
5%WB 43.9+3.5¢ 30.5£3.0d 12.2+1.2d 13.8+2.8¢ 1602+31d 1746=31a
0.5%SB 42.7+3.4d 45.422.9c¢ 18.9+1.2b 20.6+1.6b 1925+24b 1682+31b
5%SB 39.9+2 4 28.243.1e 16.2+1.2¢ 16.2+1.1d 1784+30c 1452+29¢

i HCH4RHUES HCI- extractable
CK 129+11a 137+6a 27.4+23a 32.8+2.4a 2707+29 2516+31a
0.5%PB 12147a 127+4a 27.1+1.4a 29.11.5b 2624+25a 2467+30a
5%PB 115+7b 1195b 25.8+1.6b 26.2+2.2¢ 2594+34h 2314+32b
0.5%WB 116+10b 108+5c¢ 25.9+2.2b 26.2+1.5¢ 2211+28¢ 2354+28h
5%WB 88.2+8.2¢ 92.9+4.8d 23.1+2.1c 23.2+0.7d 2085+32d 1946+27d
0.5%SB 120+12a 115+5b 25.4+2.6b 27.1£2.2¢ 2233+28¢ 2236+27c
5%SB 1137h 105+5¢ 20.5+2.9¢ 21.6+2.4e 2079+35d 1937+25d
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T4 INEMERLGEHRRZIRRSIERER DIFREE
BETESENHEXEH
Table 4 Pearson correlation coefficients of extractable fractions in

the rhizosphere and non-rhizosphere soil

C-As C-Cd C-Pb W-As W-Cd  W-Pb

CaCl, 0.93" 0.92" 0.98" 0.89" 0.99" 0.75°

EDTA 0.61 0.93" 0.37 0.46 0.91" 0.76°
HClI 0.88™ 0.90" 0.86" 0.89™ 0.92" 0.42

T O BB RISE (P<0.05) 5 it i 2 456 (P<0.01) 5 € oK
Woh/hE . K6l

Note: * indicates significant correlation (P<0.05) ; ** indicates
extremely significant correlation (P<0.01) ; C indicates corn; W indicates

wheat. The same table 6.
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JERBR T IBERESEENHXRE
Table 6 Pearson correlation coefficients between As,Cd and Pb
in the roots of wheat and corn seedling and

their extractable fractions in soil

C-As C-Cd C-Pb W-As W-Cd W-Pb

R-CaCl, 0.73 0.36 0.63 0.79" 0.70 0.67
R-EDTA 0.59 0.43 0.79" 0.40 0.36 0.77°
R-HCI1 0.80° 0.77° 0.32 0.77" 0.86 0.64
N-CaCl, 0.74 0.69 0.64 0.90" 0.70 0.44
N-EDTA  0.92" 0.60 0.27 0.73 0.50 0.61
N-HCI1 0.77° 0.84" 0.61 0.77° 0.89" 0.89"

G TOR/N A AR ZR AR A B A R E AT G
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AR - AR S, AR g A pH A AL SER,
T REARAT T o0 R A AT R s AR s 4R . (2
AL HH RDK R AR IR , Chen 5510 % BAE W) ¢ ) it FH
XF Y 2K R A Cd 5 AT e TR, A SR A
FATFE—LTRA

3 #ig

(1) it A= 9 1< T LA RSEAR /N A K Iy i AR s
AR PR L3R A F LR A AR . (EARBR
T HERTAE AR B 4 45 K AR (CaCLARHUS ) As . Cd il
Pb I E TG E 2 5. AEURHIT £ 1 A ) ekt
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Table 5 Toxic element contents of wheat and corn seedling roots (mg-kg™)

W-As C-As W-Cd C-Cd W-Pb C-Pb

CK 58.4+3.6a 37.1+2.65a 8.11+1.27a 8.46+1.08a 353+14a 183+20a
0.5%PB 43.6+2.8ab 26.1+3.56b 6.78+1.09a 6.54+0.91ab 286+17b 158+29ab
5%PB 30.1+4.16¢ 12.6+1.91d 6.36+0.52ab 4.54x1.07¢c 203+25d 88.1+£16.4¢
0.5%WB 39.2+3.42bc 23.3+3.07be 6.40+1.25ab 6.54+0.91ab 253+21c 157+23ab
5%WB 17.3+£3.94d 11.6+2.35d 4.92+2.10b 5.67+1.03bc 91.1+23.2¢ 76.4+27 3¢
0.5%SB 30.7+2.79¢ 26.9+2.68b 6.32+1.59ab 4.93+1.72¢ 193+22d 161+22ab
5%SB 16.7+3.67d 18.2+3.24¢ 4.81+0.72b 3.32+0.62d 112+19e 137+19b

T [ — B A )/ NS P B 3OR 28 53 B35 (P<0.05,n=5) s W R/INAE 5 C O oK

Note: Different lowercase letters in the same column indicates significant difference (P<0.05,n=5); W indicates wheat; C indicates corn.
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