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Evaluating the effects of specifically designed biochar amendments on the remediation of cadmium-

contaminated soils
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Abstract: Three biochar—based treatments were designed and tested in three demonstration plots (two plots in Shaoguan and one plot in

Yunfu), containing different levels of Cd and varying physical/chemical properties, to evaluate the effects of biochar treatment on cadmium-—
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polluted soils. The results showed that the application of the designed biochar—based treatment did not reduce crop yield in any of the three

plots. In fact, maize yield significantly increased by 383.03% in heavily Cd—contaminated soils. Compared to the control treatment, the
designed biochar—based treatments led to decreases in the Cd content of edible plant parts by 33.33% (maize grain), 46.88% (brown rice)
and 42.86% (brown rice), respectively. Meanwhile, the treatment of areas 1 and 2 resulted in the Cd content of the agricultural products to
meet Chinese health standards. The application of biochar-based treatments could reduce the content of acid—soluble Cd in soils,
particularly in strongly acidic and highly Cd—polluted soils, as in area 1. The B1 treatment could reduce the bioavailable Cd content of soils
by 81.72%. Overall, designing biochar-based treatments based on degree of soil heavy metal pollution and soil physical / chemical

properties maintained crop yields, reduced the Cd content of edible plant parts, and remediated soils contaminated with heavy metals in

southern China.

Keywords : biochar; Cd; soil properties; biochar—based treatments; field test; agricultural safety
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ZER UL 1. 3Fh 48 B 25 AR BUAE pH AN Cd %
B F, RS X 13 3, HpH (8 & T, DR iRk 3
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Table 1 Basic physicochemical properties of soil in test areas

i sl ¢ A 2L B AR B O 4 A =L
- Hmas  MENaR gapas | EAKERHIEPRIRECEC BCARE ey o g
R X . . . . Available potassium  Cation exchange Total Cd .
. pH  Organic carbon Alkaline nitrogen Available phosphorus . Available Cd
Field ontent/(g-ke™) content/(me-ke™) tent/(me-ke) content/ capacity/ content/ content/(me-ke™)
content/(g-kg™) content/(mg-kg content/(mg-kg (mg-ke) (emol -k (mg-ke") content/(mg-kg
WX 473 15.53 112.8 48.90 54.67 4.53 5.60 2.36
WX 2 554 16.34 103.8 7.00 42.00 13.20 3.16 1.19
WX 3 8.01 18.53 177.0 55.57 42.00 7.53 1.61 0.71
R2 ERANKMRFEAS EREBHMR
Table 2 Basic physicochemical properties of amendment components applied in test areas
B Codt FH B 732 4tk (CEC) TRCfE N 5 ik APt HACK e H A
Material pH Carbon Cation exchange Alkaline nitrogen  Available phosphorus  Available potassium  Specific surface
atenals content/% capacity/(cmol -kg™)  content/(mg-kg™)  content/(mg-kg™") content/(mg-keg™)  area/(m*-g™")
Tt 22 W) e 10.12 42.10 29.36 1 800 2356 3564 326.3
Bp5EAE M pe 7.31 13.60 114.8 — — — 6.53
FErESEEYIhe 9.80 55.47 42.60 129.0 229.1 29750 10.86
Bl FHERAE 9.05 0.20 20.32 150.0 1.04 289.4 —
1K 9.33 — — — — — —
AT 10.45 1.20 5.60 0.23 4.23 10.65 20.31
AHUIE 6.53 52.00 0.52 1.86 2.04 2.17 —

AR RESE S 2

Note:"—" indicates untested.
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B ERERRA L(BDIHKEKX 1 XK= ERFM
Figure 1 Effects of biochar-based amendment 1(B1) on maize

yield in field 1

& 2 25 L B, L6t i B1 5 E K H B3T3
7Y Cd 75 & 2 Ho BR A i 3 R BE (P<0.05) , 49 5l
JE X} R 1) 33.33% . 40.17% 1 58.77% , i B Jiti i A= )
DI R 1 B R AR AT R A3 A
FHESREGEMER. AR 1, RABEHET,
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foc
- O B1 4
T3] T
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0
S ar
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S 2t
IEH a
b
3 a b

0

KL Grain 2K Cob FKAT Stalk

Fe KFHBA Different parts of maize
B2 AYAELRF 1(BDIHLEEK 1 FX
REEML Cd & EH M
Figure 2 Effects of biochar-based amendment 1(B1) on Cd

content in different parts of maize in field 1

FRUE B8 R 5 Qe R 1) (GB 2762—2017) FR A bR ifE
B, R B1 G, F KR H Cd % 5 (0.10 mg-kg™)
R [ ZE AR UE (0.1 mg-kg™ ) LR, FEA R B2 28
PRt

F3MLEREM N B, iR X 1 4% pH
A PLAsR & A3 5] T 03 A (P<0.05) , {HZ XAk
fift N AP R K S mIt AR, KX 1
HAT AL T o B = PT RE R TR B A ML
TR NS CEE WA RVG, LETA
BILA 1) 5k S 25 18400

T4 MR X 1 HIESFIEA CA I tE o, 4%
PEHGE Cd & KNI Ry BRI A Cd> IR A Cd>5
B CA>FRIE S Cd; Hh VA A Cd Fr i dic i, o B
W 68.72% ., FRVEZS CdH FEHAY—F 0 KB
s Cd, MK A2 Cd RAEY WO B £ 2
TEA, FLrh RE DA Y ORI 1R A S VR R AF Y
FHOCHE , WA SE I IE R R B KRR Cd & e 5 1
KA A Cd 522 08 3 IE A (r=0.573%) , 0] WK ¥
LA Cd & - HE CAIB S T A 80658 4 o itk Jin B1
b B A 3 PR 3 AR S B A 88 D (P<

F3 EYREYRF 1B K 1| T EEREUMEFHIZ I

Table 3 Effects of biochar—based amendment 1(B1) on basic physical and chemical properties of soils in field 1

b3 AHURR & it B N 5 AP i BACK 2
pH Organic carbon Alkaline nitrogen content/  Available phosphorus content/ Available potassium
Treatments o - -1 -1
content/(g-kg™") (mg-kg™) (mg-kg™) content/(mg-kg™)
CK 4.73+0.06b 15.44+0.45b 122.4+8.0a 116.1+29.7a 89.0+1.7a
Bl 6.86+0.29a 19.46x1.12a 116.4+8.3a 215.1+9.4a 106.3+1.7a

T [ 4) FREA R R AL BRI 7E P<0.05 /K- 322 5% . Rl

Note: The different lowercase letters in a column indicate significant differences between treatments at P<0.05 levels. The same below.
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R4 EYREYRT 1(BDIRERX 1 TEAREECIESENHM
Table 4 Change of different forms of soil Cd after the application of biochar—based amendment 1(B1) in field 1

bz FRIAZS Cd & it WJEA Cd i A Cd s FRIEA Cd & A HIEA Cd B
Treat . Acid-soluble Cd content/ Reduced Cd content / Oxidized Cd content/ Residual Cd content/ The sum of Cd content/
reatments
(mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
CK 2.79+0.22a 0.73+0.12a 0.35+0.07a 0.19+0.03b 4.06
Bl 2.28+0.17b 0.55+0.08b 0.22+0.08b 0.78+0.03a 3.83
0.05) , 43 Fl %t HE 1Y) 81.72% . 75.34% F162.86% , sk VEHIRTIR4F AU />

T 25 KR BN (4.68% 14 TN 2 20.37% ) (P<0.05) -
XU BH AE 15 Y 7 T A R 2 - 398 it Jon BT G B Y 2R
IR S, REAS S - 358 P G PR A A= T R
A0 Cd 5 1 AR, DT sl 2D 4 Pl 2 R AR AL 4 7 e
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Figure 3 Effects of biochar—based amendment 2(B2) on rice

yield in field 2
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Figure 4 Effects of biochar—based amendment 2(B2) on Cd

content in different parts of rice in field 2
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Table 6 Effects of biochar-based amendment 2(B2) on basic physical and chemical properties of soils in field 2
i A LIRS i TR N i HRP i ALK B i
4k 3 . I . : :
pH Organic carbon Alkaline nitrogen content/  Available phosphorus content/ Available potassium
Treatments o o o o
content/(g-kg™) (mg-kg™) (mg-kg™) content/(mg-kg™)
CK 5.54+0.09b 27.26+1.19a 201.1+£18.0a 23.58+2.62a 45.00+5.66a
B2 6.07+0.03a 26.74£1.01a 174.5+3.1a 19.13+2.41a 43.17+5.48a

PR JAT pHAS B 18 3 1255 (P<0.05) , -3 pH
2R3 6.07, X BEFE & T 053, {H B2 2l K 71X
by - 498 3 A ST AN A AL A AR N AT AR P LR
MK EGHEARENZW ., JREE AT X 25
FHBAES e rh C & B (13.60 g- kg ™), LA BL A1
TRA ARG 7 FE AR ALG , B AN BE A R T - 396 MLk
i,

F6 MR BN, AR P Z /i -3 Cd & Fh
AR S REER SR X 1 /AH—2, M7 B2 i
RALUG, 28550 CAES maRE R, 22555
K (8.49% THES & 15.35%) (P<0.05) . 1l 4% i
B F BT H A0 S b AR, A
i BCAENAL , T LA A VE YT Cd I

W e A= W e LA s v W BH i 7 38 it (CEC)
CEC F g JLAE - e b4 B4 PH & 7 1 8 ) R SR 1
AT RERI M R, T BB S 3 b Cd
B o — SR R, e £ CEC 7% & 48 = 1 AR 7%
AP BAE MRS X 2 () R BRI E MR, A
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SRR, TR L AR A 4G G A R R i A
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TUVE S o
23 KX 3IER
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G300 Cd 5 S AR AE Y FEAIG, H /K RS OK H 9 Cd 5 i
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Figure 5 Effects of biochar—based amendment 3(B3) on rice

yield in field 3
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Table 6 Change of different forms of soil Cd after the application of biochar—based amendment 2(B2) in field 2

fb 3 FRVEZS Cd 5 R Cd & i A Cd & it FRIEA Cd & it HILZS Cd AN
Treatm Anl Acid—soluble Cd Reduced Cd content / Oxidized Cd content/ Residual Cd content/ The sum of Cd content/
catments content/(mg-kg") (mg-kg") (mg-kg'l) (mg-kg") (mg-kg")
CK 1.88+0.12a 1.33+0.15a 0.67+0.09a 0.36+0.01b 4.24
B2 1.72+0.27a 1.25+0.14a 0.56+0.02b 0.64+0.04a 4.17
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Table 7 Effects of biochar—based amendment 3(B3) on basic physical and chemical properties of soils in field 3

Jb g A B TR N 2 ARP i K
Treat ) . pH Organic carbon content/  Alkaline nitrogen content/  Available phosphorus Available potassium
reatments (g-kg™) (mg-kg™") content/(mg-kg™) content/(mg-kg™)
CK 7.72+0.01a 24.21+1.24b 46.52+4.31a 87.67+3.81a 162.4+3.2b
B3 7.64+0.01a 35.60+0.85a 39.63+4.74a 73.50+6.75a 199.1+10.3a
RS EYREYRFI(BI)IHAK K 3 LEAFRAE CEERNIT
Table 8 Change of different forms of soil Cd after the application of biochar—based amendment 3(B3) in field 3
b Wi Cd fr i A Cd it A Cd & i Bt A Cd it FIEA Cd A
Treatment Acid-soluble Cd content/ Reduced Cd content/ Oxidized Cd content/ Residual Cd content/ The sum of Cd content/
redtments (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
CK 0.69+0.01a 0.56+0.02a 0.29+0.03a 0.28+0.02a 1.82
B3 0.64+0.04a 0.57+0.04a 0.33+0.03a 0.29+0.01a 1.83
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Figure 6 Effects of biochar-based amendment 3(B3) on Cd

content in different parts of rice in field 3
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