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Abstract: [Objective] Soil heavy metal pollution is a common problem encountered in agricultural production
activities, and how to effectively and synchronously passivate arsenic and lead in soil has become a research
hotspot. [Method] Raw biochar was prepared from rice husks, and manganese-modified biochar was obtained
through potassium permanganate. Pot experiments were conducted using garlic (Allium sativum) as an indicator
plant to evaluate the effects of raw biochar and manganese-modified biochar at different application rates (10
and 30 g-kg') on the bioavailability of arsenic and lead in soil and soil enzyme activities. [Result] The
application of different proportions and types of biochar significantly increased the content and pH of soil
organic matter, available potassium and available phosphorus (P<<0.05), while decreased the content of soil

alkaline hydrolyzed nitrogen. The effect of manganese-modified biochar was more significant than that of
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original biochar. The application of 10 g-kg™' manganese-modified biochar significantly reduced the content of
available arsenic in soil by 11.5%, while 30 g-kg ' manganese-modified biochar significantly decreased the
content of lead in the extractable state of diethylenetriamine pentaacetic acid (DTPA) in soil by 28.3%.
Compared with the control, the application of 10 g-kg™' manganese-modified biochar increased the activities of
B-N-acetylglucosamine glycase by 11.6%, and the application of 30 g-kg' manganese-modified biochar
significantly increased the activity of acid phosphatase and B-glucoglycase by 9.8% and 37.7%, respectively.
Meanwhile, the contents of nitrogen, phosphorus and potassium in garlic plants treated with manganese-
modified biochar significantly increased (P<<0.05), while the contents of arsenic and lead significantly decreased
(P<<0.05). [Conclusion] Manganese-modified biochar has significant potential in improving soil fertility and
repairing arsenic-lead contaminated soil. [Ch, 8 fig. 1 tab. 52 ref.]
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Figure | Scanning electron microscopy images (A), Fourier transform infrared spectroscopy spectra (B), X-ray energy spectrum analysis diagrams

of the original biochar (C), and manganese-modified biochar (D)

H AT 282, AT B i 1398 pH, FRARIREE o X1 T 2 2000 3 b P o) 2% B - s ) o O G e R AT ¢
R g pH, AR AN RO S AT IR 5 RS . WS RB3 Ab B H R = T BH B T Ag
T, TR R A ) R Ak B DU ARG T B S A (181 2B). 3 nl g K R JEURA AR W R R e AT Y
FRECEREA, BRI T HBH B P RSB RE 1T, 1 G O A A W R TT g R R Y B (U
ToOBEET . WE T e, MM AR B A . IR S, HE YA RO
B8 i 2w T R (P<<0.05), 4F5IE MB1 Ab B A 508 i Bk s (RTHT 46.7%, E 20). TEATAE
ANERTR A3 ML a4 R A 0 R S 0 B AR AN, 5 RGEERS BRI A SRR AT . et Ad
BEAE W) 5 e 5 B A AL R o BT IR LG 2B B e b B (K] 2D). B T RBI1 ARERAN, HoAlh 3 Vit sk
A X RECAH B 4 8 S BTG T - 48 Y A 2T B 43 4 (P<<0.05, 18] 2E). 3K I RESE: PR Sk A= 9 I e 3
T AR PR R A, R A BT, ATIRRAR T 4 b A R T R A S A
L, T it A A 3 ) J S i v T A P USRS B0 (P<<0.05), L RB1 A MBI A B 43 31| (i 4 398K
A5 R B N PR T 64.3% F1 94.3%, i RB3 HI MB3 Ab 38 1 32 7143 51 4 143.5% 1 178.7%
(1 2F) o 3 J& TR ot 5 AR W o e h DT 28 B e 808 i, 5 FREBOTE i T R 3K Wb, kg
TINT A M A 5 O,
2.3 AYFRX TIERERSMHI DTPA AR HRIF M

P 3A SR AT IR, MBI ALBE G ERRAR T I3 A SO REE, WD T 11.5%, b
Jit 5 A T X A R A R A B AT B R . MB AR FRE D T ARG, 3k T BE R OA R R R 2R
J RS T AR AT, SR T A T B, DT T R R RS sh T e Ah,
AR A JIURE Y R S A PR R 1R AR () S Ak R B EEAR . B ) B A (V) I e AR
DR FEEHR R RE S, PE— AR T I A RS T AU B RB1 ARERAN, HoAthii e b B
EREAR T 3D DTPA AT 42 BUSHS 0 B = 40 88 (P<<0.05), LR MB3 bSR3, Xt B T



6 RN/ NI NI e 14 20244 X A 20 H

A ~12 -B 40 - C
6 c d _13_ ¢ 2 Twlz b b a
Nl e ] -z —= = ™7 C c —~ b a ab
S by 30 |
L £ 8t =4 C
4 s o | d
& 1] E 20}
= &
ar ®oAr X ol
M &
by
S 0
ck RBI RB3 MBI MB3 ck RBI RB3 MBI MB3 ck RBI RB3 MBI MB3
8D 200 E, 1000 - F .
a r=— b
1 b ~ 2 - ~ b K
=6 T 150 F ¢ o 750
2 < d —:n 7 c
on
D4t e £ 100 |- £ 500+ d
=
2 b E 501 250 |
0 0 0
ck RBI RB3 MBI MB3 ck RBI RB3 MBI MB3 ck RBI RB3 MBI MB3
AbEE Ab PR AR

ck. X RBI. 10 g- kg ' AR EY % RB3. 30 g~ kg R 4G4k AL BE: MB1. 10 g~ kg VB cSeVE A4 5 % b 2E; MB3. 30 g+ kg™
BRI TUR AR B o ANTR] /NS T B F RN [F) b 3 ) 72 S 4 2 (P<0.05)

B2 AR AT 23ISR R RS T 5 R ¥R

Figure 2 Effect of biomass charcoal on the physical and chemical characteristics of the soil and the quality fraction of the nutrients
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