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Abstract

This study used cadmium-contaminated soil and lettuce growth as an example. Through pot expe-
riments involving the application of zinc-modified biochar at various levels, the study analyzed the
effects on soil pH, soil cadmium forms and contents, and cadmium content in lettuce. The aim was
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to explore the impact of zinc-modified biochar on inhibiting cadmium accumulation in lettuce. The
research results are as follows: 1) under different levels of zinc-modified biochar treatment, soil
pH slightly increased, but the impact was relatively small. 2) In the control treatment, the percen-
tage of exchangeable cadmium in the soil was 40%, while under Zinc-modified biochar treatment,
the percentage ranged from 22% to 29%. Compared to the control treatment, the exchangeable
cadmium content significantly decreased under various levels of modified biochar application. 3)
Zinc-modified biochar has a specific impact on limiting cadmium uptake by lettuce, but increased
application levels do not always lead to improved outcomes. The study results indicate that the
optimal inhibition effect is achieved when the proportion of modified biochar application is 1%.
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1. 5|8

A DU H st iR, SRS OR I @ A i, b 3 e i e il BTN 5L AR . A
RZ B JEIT R, ARG YR B (0 A2 25 UG AT N Ak R B, 5 oK L B A5 DR 47 5
KA e X A AR B, A RIURE A R G B AR o 4 ] 3895 Gtk ol 1 &
Bl SR, FREAR H IR E R SRR IA R 19.4%, ARG REARRIAE] 7% [1]. FER—FHR
AR AN, “=BUEH” (BEBUERRDNEFES B RY, Bl e MAnEE,
WA RGN ST, PEREE N, 55 (Asparagus Lettuce)fF A S MM X T2 ME 1 2 &
MRz —, MBTHIN, SR WH A, w5 A8 L35 (10 48 WS R B 2R T 28 B L 0 o 119 g
73121 [3] [4]. BHAZEGIEAARAED) T G 138 R SRR A A o DR BsA 7 i 22 4 I B g4, HAMLATBL
YEFRFAG™ i A AT R A, T HARRERS 2R 51NN 10 - BRIt BREOT i, BT BB MBS .

HAT, s L@ rin B R, WA E BB 2. Y EYBE R HORSET5
Mo SR, XEET R A AR, 9 & B S 5l ke —kis Qede i, RILAE SERni il o 32
FUBCRRR M. Tk, FR—AE Oy 20 Hm e B i sona &k . RO AL IE  EOR
HABE R B (S A s R S5 Rr mi (5], AR RIS S IR AL E b B L BB R L 7 (6]
AR, AERAE L3 GRS R H U O . VIR, VR — R A B BHE SRR S SR
P IR R I e B 07 A A LR S A HUESLAR 7] [8], B BRI FLBRAIE . R A H B
Mmoo pH 5 RE, BABGRILIMEEI[9], IXFRE LA A P R AE i 1 PRI % A - 3
G B R SN MR R 7 T R AR AR FI10] [11] [12]. ARV 8 & 8 i Blifb SR 2 Hoki 42 00 A o fL
7 HERIMAAR T R SR M A AR pHy R S8 Ko & AR K MR ER AV B 13],
HEUAT R B A D REVE IR, AEASERI I 32 2 1 e B RIFRTE, vt 2D B AL W ikt B ) B
WRCR, Bt — D HGH[14] [15]. SFREM AT B MEEE TR TR, EHEWE KA kK% %5
HESEHI[16]. RS EETCRAMR PR FAOTR, RAMPRM B2 5T, L ghAEy ik
R AR SE S SHEPUER[17]. BTFURM, WL RE I 1Y R IR, (HEERBCR AR,
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g R, P Cd TSR NI, AR IKRERFRL Cd EEAH LT B A RBE T 37.04%F1
28.21% [18], EXFHEE Cd y5 %38, jahnes iLnT GExfE LASE IR = i 2 R« Rk, RSx4 11
FEBUIE FH RN AP IR B 1 R, SR 3 () A 3 it S AR D R AT B IR B ol 1, RE 720 R — 3 B B[R]
TER, E— DR TV RN E L R RCR, 1 HL e LUE BN, BT AR5 B I IR RN K
PEo SR, B AE YR I AR I K 52 IR B . B B DU RAE R RS 2 R R e ma, Mk,
AR 7 T JR A0 2B 0 e it BEL RS % 5 ' SR 4 A AH G 7

AW FE LR e TR B AR KBS B, B AR LS, M ASR S e Ak, X LT
Hor -3 pH. LIERIEA . SR, BRI, PRI Ak BG5S 5 E SRR ks, DAY
FER B ERTS JIR AR, NIRRT s B R R S i .

2. RIS
2.1. ARXHER

A A X AR T 55 M1 44 B T T B RI% 4 (26° 71N, 104°70'E), #i4k 2200 >k, ZIXHEE 4%, K
AR, TIESHRACRER ., R . HERRAO L X, PE Ay B AL HGH R 1R S b
M, Z YRR, R TR T N B A B L AN R B K, SN+ R AN R
AR, BRI RO S RO, RN RME KRS R . SERERT & 700 mm~1000 mm (53 M
AR M EE) . FEFESRE. oK. BHEE,

2.2. SRR

AT RS WAL . IR 4 P EE, W ECEAYIR 1:10° EERR L, 4 Rt A
HINEACT AT ALK, 00N 0% 1% 2% 5%3t 4 40P, A4 3 ANES, 12 ZHp
AR LI 2 kg 3 4 Bl AP i N f KT 23 i SR 0% 1% 2% 5%
TN, S2ET 2021 48 11 HWITTEA.

A I AR F ARV RN R SRS A AR IR . BRI 4l ZnSO, TH,O, 4N Btk 7 ik
N: B4l ZnSO,-TH,0 ¥ Tk H, RFFEER R 1:10%, BRI RIE T R AE R BEHHES), U
VEMCE 24 h, EHARS RN ZFETESTRATREEE, NEESIEEY R M. SEMTET
PUIESFR, F/KIZIL 4 h )5 BV ATEEAT $503%

2.3. BEmALESIE

RFE L IEGRFR 148 1~2 cm) A 2R AT JG (BF & R A A B B B VR AR, ARSI 10 H (100 g)Fi,
FNAELE, W AP RNSESEE.

55 A R A A SV T R AN R 23 N B S, S IF AR HEREMEY) S A ERERAR, 1,
ZEFKIEV G, A 105C A E 30 min, J& 80°C FHET 48 h, FEMIN T HEISNRAE, Whlfbr
2, fE.

T3 pH: S A, B pH iHECK A 2.5:1).

TR AS : 5% Tessier 158 0% BCRIESLIRPUAIRIE SR Cd HIES, 85 FE PRI
JEIGEETHI e A

TS R 1% GB/T 17141-1997 (3R R IMIE) i3 E .

B SR O FREUEAR TR 0.3~0.5 g CREFAZE 0.1 mg) T &R, /N KORILE TSI, BT 354 500°C
KA 6~8 h, A E. FARSERIEWCK K0 VER, #N 25 mL REM E R, FE TR 66 T E .
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2.4. YRR

1 | Microso ft Excel2010+ origin2022 S5 B Ha 3t 47 B AR EE o by | 1, DAZEAoR & A N A
., atrEE. LEPREIRTERSIES.

3. ZRE N

3.1. SUEAE R I8 pH (ERF I

I e

Bt A= My T m K-~
Figure.1. Effect of different modified biochar application
levels on soil pH

1. AR S a bt sk T 3t 3% pH B0

w1 B, EH IR pHAECA 7.56, AU HEAR PR RN & 23 N 1% 2%H0 5%, M H|
T pH EIK KN 7.54 7.55 F1 7.60, BB SCPEAY) Rt I /K-F 13, 35 pH E 2 I HEET B
. R, EAEERE, XM EFREAIEARE.

3.2, BUMEE R TIE Cd SR I

ARABSFEE (%)

A HitE1% k2% HAES%
S0P 2R B ¢ it i 7K S

Figure.2. Effect of modified biochar application on different
forms of cadmium in soil
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2 PR AR ESE YRR N LB RS RS SR LS. SAadh BN EEmbIT
11%, 1% 2% S%UCHEAEYRIMKT T, LB ESmEED NN 12%. 14%. 13%, 57HH
FEEZ R AR E P > 0.05). 25 AL A I S H 4 G EE 40%, 1% 2% 5% A= V0w it in 7K 7 1 2%
PR AT AR B AR 22% 27%F0 29%, TEAN IR ECE AR VDR AN IN/K P T T A2 #e A5 50 B R R R
(P<0.05). MHLZEAM, HATEEREE LS LA FRFEE RIS, RESE 1% 2% S%EEAR
FEIZKSE T B EEN 13%. 14% 16%, X TZEEA LA T 3%~6%, PiAMa65WmE 1%
FIREINACE TR, EIHRE SRR, K5 32%; 7E S%HIKFE T, HTEE 14%; RIRIMES A& EHME 1%,
2% 5% R E 3 S R 5N 22%. 25%. 28%. ¢ AT, i nes ik Az ok e e Zs 3 AR
TER 3, RS AR IR T, 55 ) 58 A8 IR 2h 45 & S R S HAL AT N .

3.3, BiEEIRMRHEE TIRIEHERYR

K3 KB, fERMMSEAEY RS QA T, SENEETERTR R&aE, BAER 2.80 mgke. A
M, M AEYR G, SAE RS EEZIH AR W R X408, SrEEYRE
BH 2% 5% S W WS B 4 B 7 T A R AP ISR o KRR AE RNy 1%0), FPHE O sy B3 . 2R,
FHAR IR H ATk, FEA R R a5 .
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Figure.3. Effects of different application levels of modified
biochar on cadmium content of asparagus lettuce

E 3. BER A ERMK N EH RS BRI

4. Wig

TEREINAS FIACP FO SO A P (I B 300 pH (00 R IR B LT, 630 B35 o T IR 4L
S 5 A ISR 4 A R 2E 18] MR MBS A A IS AT LA TR R S K
(OBRPERI R, oA RO, B R SRR RS T, I RSB I B MR T - pH [19];
I B B T AR 1 B0 3525 (AR 08 pH ME[20] 0 %25 SRR TR INBRRREE 5 ROk A e, FE MR 2 )
T IR R SR R F S BT L pH R TSR A S . DL, SR L pH (B LI
FERE /N, KT 82 Rk AR R R (VR I 5 A R A 5 TR P M AR FL AR I A R 3 — R
SOPRARTCE A ARt L3 pH (ISR AL T BT IORA . FERRRTE S bR N b A — 252 R R R
22 160 PR A AR R 5 F o S R 1 A B
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ELIEFAFRIESHR S ®E7 M, ©AH BN SRS ERN 1.93 mgke, MESEETEN
0.65 mg/kg. #FE—30, MRl 1% 2% 5% IStk R AN IG, WS B AZH A & R B E N,

Sy % 1.24 mg/kg. 1.25 mg/kg f1 1.21 mg/kg. SULFER, HIEHRRAESRSENZE0H EAka,
S AEEINZE 0.72 mg/kg. 0.64 mg/kg A1 0.68 mg/kg. X 3R BN B M A=W 3R BE A AR V5 e L3

MRS E, RIS SE S BN, EAERNE, MEAVRBINENEN, 7
PSR ) R SR AR T N B2, XAS AR T ot A IR E SRR B EAER, 5
g 2 N IR 7T 458 AL 210, 3B 300E T et AR R AE H IR B I BRAE . AW R E S
AR IR T ORIEN . XU ERERY SEE TS, BRERENRISEY, i
R T R RS TR R, BRR T RIS SR B . TEA R, SR B R AR S
AHLEGHWRF B R AN S G, R miR 4 &8 . X —45 R 55kl 5 N sl
FHAFE[21], X P2 5F TRE R H T AR TCRA T ar e A w, HAEEEIERIE R IR a4 8O =
AT MR RS o

25 V2 RS SR S AT I S AR i Hfh = 4 BRI B MmO, BABUE A 2.8
mg/kg. X —4ERIEMHIR I, FERMEINSCEAEY R MBS T, AN ESREEABRNE LR 4
JENN 1% 2% 5% B U AEYR 5, AR S 20 TR T 31.1%. 14.3%M1 3.6%. X—i&%HBr
TS A P R AR D B R - g R R WA T B AR AE T, AT A AR T B A R
SR, AEAFER R, b oot A= P s DN & A 2 i R R A o AR AR DG 9T, 3% Cd RvE kAR
FEAEARACT AL BRI S YA A Cd 1) s S S E A [22]. IR FEALFRR, etk AER T Zn A Cd
SRIVEFEPIRL; AR ACEAIEL T, —F WERIH I FER23], X — WL R WA McKenna
S NI TR ARBA24] 0 DRILE, Ao SO AR R R 3 1) Cd 75 THT PR R R S A7 E AN 8 [ 20]

5. &t

K FE AR Bt A 47 ¢ B EBEL L A 5 R PR R SO CER BT BEAFAEAS A2, R X R (1 s A
FA Wi I BV RE, SREECA S ) AL R e AR R AT R R B e, PAZRor RAE S B IR, A
PETHA Dt 4 R B OR . F AR T

1) e AR fs . LI pH S BRI —E M LS, (A pH EABNIFARE .

2) AT, TIERA AR GO 40%, TSR R A EE TR S LRYE N 22%~29%, A
bbzs A, AR SEAY BN A8 SRS R E WS T .

3) fEAMINS AR 2 A, BRI S RIEE T Rl N 2.80 mgkg. B, HEIIAS
P st A R S, B A R R O R I T R IR B AEE 3A  JC R AE TN 1%t AR PR i, FLRH
PR RIS o . SR, BB SO ARk FH R 0, B R0CR AR AH B3 0

HE&mHE

B R A I ZR00 H (8202314223080) T2 MITTE2:FE 2021 FEERBRIAM AL S ETHE
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