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Effect of wheat straw—derived biochar on rape growth and cadmium uptake in an alkaline soil

REN Xin-hao, CHEN Qiao, LI Jin, HE Fei, WU Si—pei, GUO Jun—kang

(School of Environment Science and Engineering, Shaanxi University of Science & Technology, Xi’an 710021, China)

Abstract: We explored the effect of wheat straw—derived biochar on remediation of alkaline cadmium (Cd) contaminated soil by conducting
the sequential batch adsorption experiment and pot experiment. The results showed that the sorption isotherm of Cd on biochar was highly
nonlinear, indicating that the surface sorption of Cd on biochar was dominant. The distribution coefficient (Ky) of Cd on biochar was 1.5~3.0
times more than that on soil. Biochar application (1%, m/m) to soil promoted the sorption of low—concentration Cd by soil and increased the
Kaivalue by 19.5% at the equilibrium concentration of 0.1 mg+L™". In contrast, biochar inhibited the sorption of high—concentration Cd by soil
and decreased the K, value by 37.2% at the equilibrium concentration of 10 mg- L. Biochar application to soil had no significant effect on
soil pH. Biochar alleviated the inhibitory effect of Cd on rape growth, which biomass in rape was increased by 45.0%. In addition, biochar
application decreased the uptake of Cd by 40.6% in rape. There was a strong correlation between the amount of Cd extracted by CaCl,,
Mg (NO;),, NH;OAC, HCI, DTPA, and BCR1, and the amount of Cd in the aboveground part of rape (R>>0.8). In conclusion, wheat straw—
derived biochar is beneficial in reducing the Cd bioavailability in alkaline soil; however, this effect is not achieved via increasing soil pH and
adsorption capacity.
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2.1 TiERCIESD G

Hi 2% 1 AT, Ye B ) 3 Cd & & B B 1, i AL
Yedi 5 BHE Cd i SRS YR A 22 A5 K, S1~S3
SR e B R S Y B R TG B 25 5 (P>0.05),
1] S4 I S5 S PRy w5 v 55 PRIS Yu 75 Wk B A7 70 I 2 22
5 (P<0.05) . ARy Cd S 8K TR i 13575
e JXUS: O 12 (B (0.6 mg - kg™, pH>7.5) , YL 7 J5 14 Cd
R V(Y 2.2~8.5 i, HoH S1~84 -3 Cd
AT A A b = 38 95 G XURS: 45 B (4 mg - kg™, pH>
7.5) 1M S5 14 Cd & it TAFHlME . thsh, S0 +HErh
Cd F 2 LL5G R IR BUS MR i B AEAE , 40 5 B i
64.9% F125.0% ; Y7t -3 Cd FEIE Ay 55 BR R L
BN BEMT75% UL E o 59 ERFEIUE R 0l aS ik
AR ER S G B X AL
2.2 AW R 15 pH F0 IR B Cd BE ST B9 =20

Y % 2 AT, A 58 T e pH A R 8.7, )&
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F1 TEPCIFERERSH M (mg-kg)

Table 1 Concentration and fractions of Cd in soils(mg-kg™)

13 PN g3} 3 Cd B i SRS CIBZYSES AL Bt

Soil Theoretical concentration Total Cd Acid soluble fraction ~ Reducible fraction Oxidizable fraction Residual fraction
S0 — 0.214+0.056 0.139+0.017 0.010 7+0.003 5 0.022 3+0.008 4 0.0535+0.024 1
S1 1.20 1.32+0.13 1.11+0.02 0.104+0.030 0.054 8+0.002 0 0.046 2+0.001 5
S2 1.80 1.92+0.32 1.47+0.13 0.267+0.024 0.098 3+0.001 2 0.083 3+0.012 3
S3 2.40 2.57+0.27 1.92+0.11 0.353+0.017 0.147+0.037 0.146+0.068
S4 3.00 3.42+0.13* 2.64+0.46 0.317+0.067 0.315+0.054 0.152+0.081
S5 4.20 5.07+0.41%* 4.17+0.25 0.436+0.071 0.268+0.015 0.198+0.072

T« Cd 35 5 B AP I (B b 22 5+ FOR SE PR P i e B2 (Cd S ) 5 ISR A 1 B35 22 5 (P<0.05) . Il

Note: Cd concentration is Mean=SD; * indicates significant difference between theoretical concentration and total Cd amount (P<0.05). The same below.

http://'www.aed.org.cn
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R 2 SMNREARIN Cd A0 B Xt + 5 pH (B RIS
Table 2 Effects of application Cd and biochar on soil pH

S0 S1 S2 S3 S4 S5 S1-BC S2-BC S3-BC S4-BC S5-BC

8.7+0.1b 8.9+0.1a 9.0+0.1a  9.0£0.0a  9.0+0.1a 9.1+0.1a 8.7+0.1b 8.7+0.2b 8.7+0.1b 8.6+0.1b 8.7+0.1b

T8 AR /NG PR AR PR 22 5 B 2 (P<0.05) 0 R Tl

Note: Different letters indicate significant difference among treatments (P<0.05). The same below.

F 08 1% (m/m) FEBIASINE] Cd V5 Y 38 )5 | FE&AK TS
e -5 pHAA , AN BRI AR A e B 22 5 1 3
Ky (SO pHEHE R AR E .

Cd 7E - SR A= 9 5t e I ey R o 45 T 2 AR AH S 4B
ESHANE NV E 3R, CdEA Y F 5 i R
SRR AT A Freundlich B (R*>0.92) , 1 7 338 DA I
g W SRR IR AR AR IR R A A Langmuir
FERI(R>0.99) . A= %} Cd FRIWR [ BE 775 F 1 358
XF Cd BB BE T1 o ASFIPPA R BE R, Cd A AR W ot i
R K AR AE T E1.5~3.00% ., 5 AL, 4R
Yo s B 3, AR TR RN R A R R X
FR R BE Cd 1 I R BB 7 AR, 6PV B Cd 178 W i
D& o WFE 1 mg- L AR T, A e s i )
T 45 KB 555 Lekg ' FREZE 434 L-kg', FE0E Ny

25001 g0
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% 1500F A

%0

g

< 1000}

S Sl =

[} O
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o8 . . . .
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Figure 1 Sorption isotherm of Cd on soil and biochar

21.8% ; TEFBALEA R L (U10.1 mg- L) AE 9 5 e s
g 355, AW e AN 3T AR F X Cd R I
RE I HE M T 19.5% (Kol 1.23x10° L kg $2 1 2
1.47x10° L-kg™")
2.3 Y BRI M E R Cd A

P 2A AT 1, SR TS Y R IEAH EL , Cd ¥5 Y 35
ol SR W i R, e BRI 29 25% . {H Cd Y5
L) 5 A A PR (S1~S5) M A i I N Hof i 35 2
5 (P>0.05) o 5 ARUINAEY) T 5 1 Cd ¥5 G - HEAH
Eb, WS T A 0 5 e ) Cd V5 e = 38 vl 3R A R
B, 5 SUAE, SI-BCIMEA YRR T 45.0%;
115 S5 A LG, S5-BC M= AW i AR = T 9.9%,
HESALE(P>0.05), XRIAYFERNINE 4
HErh Al AE — o PR b G2 i Cd T3 G S AR K i
HPE

F I 2B FTAT, 32 BSR4l Cd i bl 1+
Herh Cd & RIS . 5 S0 S Cd 1Y &
(0.094 mg-kg™ )AL, S1~S5 M3 Wi Cd 19 25 43 1l
490.362.0.621.0.712.1.13 ,1.34 mg-kg ™", 43 HIH4 0 T
2.85.5.61.6.57.11.02.13.26 1% . A=Wy i e vds i 3 -+
erpal fE — R b BRI S & 4 Cd i, L2
XM B Cd i e 38 . 55 AR WS T AR ) o e 7y - 45
FHEE , W8I0 A 49 5 o i T S 1B 350 20 WM Cd 19 4 DA
0.362 mg- kg (S1)F10.621 mg- kg™ (S2) F&A% % 0.215
mg « kg A1 0.511 mg - kg™, 20 5 F F% T 40.6% A
17.7% . ABX = W Cd 15 Y k08, an S3~85, 5

3 CAER R LR IR SR LIS SH

Table 3 The regression parameters of Cd sorption to different sorbents

I, 541 Freundlich 75 # Freundlich equation Langmuir 7 2 Langmuir equation Ki/(L-kg™)

Sorbent n K R Qu/(mg-kg™) R 0.1mg-L"  04mg-L" 1mgL" 10 mg- L™
BC 0.351 825 0.9222 1000 167 05528  3.67x10° 1.49%10° 825 185
S0 0.351 422 0.956 0 909 157  0.9983 1.23x10° 876 555 86

SO-BC 0.291 341 0.926 0 555 0.993 4 1.47x10° 819 434 54

S0+BC — — — — — 1.25%10° 882 558 87

1 - SO+BC X 8 Ko My Cd 7E SO-BC | AT 43+ Fid 2245, Bl 99%xCd 7E SO 1Y Ky +19%xCd 7E BC /Y Ki; Cd 7E BC _F 14 KA FH Freundlich 1

HITFEL, 76 S0 LA K SO-BC 1 KW fE I Langmuir 7155

Notes: The Ky value of Cd to SO+BC is the predicted distribution coefficient by summing 99% of the K to SO and 1% of the Ki to BC; The Ky of Cd to
BC is calculated by Freundlich model, while the K, of Cd to SO and SO-BC are calculated by Langmuir model.
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Figure 2 Effects of different treatments on rape biomass(A) and Cd concentrion in ground part of rape(B)
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+- 3 Cd A A SR I TN RE AR (R>0.95) .
{HJEBR T CaCly, HABFLBGAFL I Cd i34 & T
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FEMCH Cd By EEAR TR E 3R O Cd B it X
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YA Rk AER R T 0 5 1% B2 BGR) AT fg 25 s Al
(NH.OAC .BCR1 . HCI #l DTPA) % A ( CaCl,) 3 32
W g Cd B . AEPTIRSE R 6 Fh B BRI o,
Mg (NOs ), FEHUH 4 3 v Cd 14 5 3 2 0 Cd f) 3
AT (L 7R K Y=1.23X+0.016 7,n=4,R*=0.953 5,
P=0.03).

3 g

M - PR T A P s 398 5 e XU 45
FruE(4T) ) (GB 15618—2018) , - HEL )5, S1~S4

Cd & EHMEXES

Table 4 Results of extractable Cd in soils, and the linear correlation equation between extractable Cd concentrations in soils and Cd

concentrations in the ground part of rape

FLHGH RIS Cd £t Concentration of extractable Cd in soil/ (mg-kg™) 2 P[] 0 ) -
Extractant S1 32 S3 S4 S5 Linear regression equation
NH.OAC 0.751+0.021¢ 1.34+0.03b 1.57+0.41c 1.94+0.17¢ 3.23+0.32¢ Y=2.26X+0.0671 0.893 6
CaCl, 0.412+0.011e ~ 0.464+0.11d 0.513+0.03e  0.560+0.030e  0.650+0.050e ¥=0.242X+0.319 0.962 9
Mg(NOs), 0.467+0.051d  0.756+0.01c 0.889+0.14d 1.21+0.46d 1.74+0.18d ¥=1.23X+0.016 7 0.953 5
BCR1 1.11£0.02a 1.47+0.13a 1.92+0.11ab  2.64+0.46ab  4.17+0.25ab ¥=2.97X+0.147 0.903 1
HCI 1.15+0.01a 1.52+0.10a 2.12+0.20a 2.81+0.21a 4.31+0.37a ¥=3.08X+0.119 09148
DTPA 1.02+0.02b 1.19+0.31b 1.78+0.24h 2.23+0.15b 4.02+0.24b ¥=2.83X+0.253 0.8337
TE : A S R0 0R 22 57 1. 35 (P<0.05) o
Note: Different letters in the same column indicate significant difference (P<0.05).
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