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Effect of combination of rice—straw biochar and Pennisetum sinese on remediating Cu and Cd contaminated
soil

WANG Xi-yang'"?, XIN Zai—jun"?, LI Xiao—hui'?, LI Liang'?, SUN Xiao—yan'’, MIN Fang—fang®

(1.Research Institute of Poyang Lake, Jiangxi Academy of Sciences, Nanchang 330096, China; 2.Jiangxi Institute of Analysis and Test,
Nanchang 330029, China; 3.Jiangxi Engineering and Technology Research Center of Eco—remediation of Heavy Metal Pollution, Nanchang
330096, China)

Abstract: Herein, a field plot experiment was conducted to investigate the effect of rice—straw biochar application on the Pennisetum sinese
remediating the Cu— and Cd—contaminated soil by setting up different application amounts of rice—straw biochar (0, 5 000, 10 000, 15 000
kg-hm™, and 20 000 kg-hm™), with an aim to evaluate the potential and advantage of the combined remediation of rice—straw biochar and
Pennisetum sinese. The results showed that the rice—straw biochar application significantly increased the survival and shoot biomass of
Pennisetum sinese in the Cu— and Cd—contaminated soil. Furthermore, the application decreased the available Cu and Cd and the total Cd
in soil, and lowered the Cu bioconcentration to some extent; however, it increased the Cd bioconcentration in the Pennisetum sinese. The
5 000 kg« hm™ biochar treatment made the biggest Cd gains in root, stem, and leaf of Pennisetum sinese, wherein the increases were
60.75%, 230.31%, and 83.34%, respectively. Additionally, the biochar application significantly promoted the absolute enrichment of Cu
and Cd in Pennisetum sinese shoot, wherein the biggest increases were up to 3 741.04 g+ hm™ with a 10 000 kg+hm™ treatment and 167.81
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¢+hm™ with a5 000 kg+hm™ treatment, respectively. Results suggest that 5 000 kg+hm™ of rice—straw biochar application amount is more

economical and effective according to the marginal efficiency of remediation. The application of rice—straw biochar enhanced the

bioconcentration level of the Cu and Cd in the Pennisetum sinese shoot and showed a great remediation potential for Cu— and Cd-

contaminated soil.

Keywords: combined remediation; rice—straw biochar; joint pollution of Cu and Cd; Pennisetum sinese; absolute enrichment amount;

marginal remediation efficiency
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Table 1 Physicochemical properties of soil in the study area

- AL R X R 424 Cu A Cd
P Soil organic matter/(g-kg™)  Total N/(g-kg™)  Total P/(g-kg) Available P/(mg-kg"') Total Cu/(mg-kg"') Total Cd/(mg-kg™")
5.21 32.34 1.40 0.85 78.62 734.88 0.55
*2 ERENXBFREASER
Table 2 Application amount of rice—straw biochar in the different treatment plots
K3 Treatments CK/(kg-hm’z) BCl/(kg-hm’z) BCQ/(kg-hm’Z) BC3/(kg-hm’2) BC4/( kg-hm’z)

Jit FH & Application amount 0 5000

10 000 15 000 20 000
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Table 3 The survival condition of Pennisetum sinese in the

different treatment plots

Jb 3 Treatments CK BC1 BC2 BC3 BC4

JYIE K Survival rate  10% 100% 100% 100% 100%
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2253 (P<0.05)

The error bars represent standard deviation(n=15) , the different
lowercase letters indicate significant differences among
treatments at P<0.05
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Figure 1 Effect of different application amount of rice—straw

biochar on the biomass and height of Pennisetum sinese
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Figure 2 Effect of combing rice—straw biochar and Pennisetum

sinese on the Cu in the contaminated soil
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Table 4 Effect of the combination of rice—straw biochar and
Pennisetum sinese on the percentage of CaCl,extractable Cu(Cd)

in the total Cu(Cd) in soil

CaCL—Cu 545 Cutbffl  CaCL-Cd /54 H Cd H i)

Treﬁi%nts Percentage of CaCl,—Cuin  Percentage of CaCl,~Cd in
total Cu/% total Cd/%
CK 3.52+0.22a 13.28+3.23a
BC1 3.38+0.16a 11.83+4.54a
BC2 3.46+0.27a 8.83+2.31b
BC3 2.51+0.17a 9.28+1.40b
BC4 0.62+0.12b 9.19+3.27h

B R B AR E 2 (n=3) o RSN [R]/ING T 8] 36 7R Ab B
] 22 5 2 (P<0.05) . T,

Note: Values are mean = standard deviation (n=3). The different
lowercase letters in a column indicate significant differences among
treatments at P<0.05. The same below.
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Figure 3 Effect of combing rice—straw biochar and Pennisetum

sinese on the Cd in the contaminated soil
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Figure 4 Effect of rice—straw biochar application on the Cu

absorption in Pennisetum sinese tissues
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Figure 5 Effect of rice—straw biochar application on the Cd

absorption in Pennisetum sinese tissues

TR FEES, KPP EFEE EEXT Ca 94X = 4 &
KK 3 741.04 g-hm ™ 3 IE A 319.98%(BC2) , %) Cd
o o 5 A R K9k 167.81 g- hm, B MR35 111.23%
(BC1)o EREF it FHFEAR T B R X Cu BRI,
{ESEA A W B4R =, 5 B 3R T T L 135 Cu A 4%
A AL, AT R X 13 Cu . CA BB I FRRCR T
SR AT AL, BC1ARHE T 1 3 Cu 1 CAE K 3 bRk
RY AR HIL, 2546 3R 48 460 & 42 1A
BB D PRECE % L 5 000 kg - hm 2 (BC1) FEFF
it FH AR B B S KA Cu—Cd 15 4y -
AL, FLSA AR

3 iTig

W) O - 4 8 B (Cu™ L Cd™ P Zn™
85 ) HA R A W B e R LG AR L 32 A
L BRI S A A DOV E A LS &
YEF 4R, Horb RS FF A ) ¢ [ Cu i) 2 )5 X
PRI AR IE I I Re 5 Cu I SVEH, Hak
SRy A= W) i 3% T G RE Ay X Cu® B EEL IR EFE A R,
oA B R B L, T B S RIS 3 A JE 1 RS
Sl FAE DA B D AR AR K R R

Z RIS R TR B ELAG AR Y Cd T

x5 EABARMEFESREHLA Cu.CIERRHRM

Table 5 Effect of rice—straw biochar application on the bioconcentration factors of Cu and Cd in Pennisetum sinese tissues

#R Root 2 Stem I Leaf
b3 Cu HHERE Cd FHEFRE Cu HHEFRE Cd HHEFRE Cu HERE Cd FHERE
Treatments  Cu bioconcentration  Cd bioconcentration  Cu bioconcentration  Cd bioconcentration  Cu bioconcentration  Cd hioconcentration
factor factor factor factor factor factor

CK 1.06+0.23a 5.41+1.08b 0.013+0.005a 1.38+0.34b 0.27+0.05a 6.13+1.96b
BC1 0.52+0.11b 8.70+2.15a 0.011+0.003a 4.55+0.93a 0.22+0.03a 11.24+3.31a
BC2 0.96+0.34a 8.00+1.98a 0.005+<0.001b 2.65+0.55ab 0.34+0.07a 9.59+2.86a
BC3 0.93+0.28a 7.16+2.03ab 0.007+0.002b 3.76+0.76a 0.29+0.03a 9.09+2.45a
BC4 0.84+0.19a 6.13+1.66ab 0.007+0.001b 4.18+0.32a 0.22+0.01a 9.62+3.13a

K6 FNEIHERMARMNEFEM FECu.CdAEXN EESMIEE HLFRAEM I

Table 6 Effects of different application amounts of rice=straw biochar on the absolute enrichment of Cu and Cd in the Pennisetum sinese

shoot and their marginal efficiency of remediation

: il b, 1A b 1R ek (LRI ES

P Planting density/ Shoot biomass/ Absolute enrichment in shoot/(g- hm™?) Marginal efficiency of remediation/%
Treatments o 5
(plant-hm™) (t+hm™) Cu cd Cu cd

CK 40 000 14.40+2.36¢ 890.77+50.66b 20.82+3.56b — —

BC1 40 000 49.72+6.78b 2499.08+112.67a 167.81x12.45a 0.07 0.10
BC2 40 000 51.34+8.93ab 3741.04+158.31a 125.21+18.26a 0.04 0.04
BC3 40 000 55.08+5.12ab 3 549.24+95.55a 151.99+20.53a 0.01 0.04
BC4 40 000 56.08+10.02a 28 09.22+123.36a 167.44+10.68a <0.01 0.03
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M BB, & — P AR Cd 5 Y HIIE 1Y),
A DATE Cd 7 i ik 51 20 mg - ke (14 38 o 1F 3 A K 0l
Az Wy AN e A B R AR A {EL A R VR B Cu 5 e
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I LAAF T3 R0 X 4 38 | T 5 Cu FIMIE
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&) B PG PR R, X BB X R KA Y R 1
IEH AR T IR . A IR ARG FE R Bl AL
41 Ca Al Cd LAV I 42 @ 6 BB A 4y
T A K, R - 9 4 R e, T
E) 56 [ SR BH T it RS AT e 1 /8 X B T e 3 |
g, HLH A 4 R R 0 it P o2 348 Jon v 398 K (3% 3 AN
K1),

SR b FEAT 5 it G 45 A /N X 4= 3 4 4 Cu
N H A3 CaClL-Cu B & K 34
2 Cu Fo i FRAIG, R0 2 7 5 S RS AT i A R B R 2k
KOV (B 2 Fnk 4) , 16 BH it FH RS AT 2 %+ 38 Cu™
FRAE T BACVE R OB A RUE Co B R E RS IF
LR VE P RCR A = A 2 NS B S 8. i
FEAT B b 38/ N X A e AN 42 1 Cd Fl CaCl-Cd 7% i
AT CK BRI, B A3 CaCl-Cd 547 Cd Y
Fb A1) 8 3 B AIG , HHp 4235 CaCl—Cd 5 5 B RS FT 2k
Jit FFY 348 o0 7T 2 R AR (L 3 RN 4) o F IG5 A
FF 5 B B BA B Z XHF9E X A5 e 3 Cu
1 Cd FR 52 M HAT — 2 B0 S Ak0n; , FLX 398 Cd i 7
HAE AR K .

it RS AT ¢ 5 350 B P AR AN 2530 3 Cu 1
WS /0N, T 7 A T Cu i 4 R B AR (5] 4
M S5) 5 MFEFT S b PR H B ROAR (25 X 14 Cd
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Jits FRE AT ¢ — 2 R B B [ T 3 19 8508 Ca,
YEFE T BB A AR K (Bt A N 1A 2 40
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O35 5 4R E R YRGB EE R TS e IR
B a5 R T Cu, Cd A 4 X & 46 543 501 R
3781 g-hm”H128.8 g-hm™(E %) .2 706 g+-hm™Fll
27.3 g-hm M FETE) (1261 g-hm2F15.1 g-hm > (F
HIH) 247 g-hm 21 1.72 g-hm (& E MR ) . Mk
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