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Abstract

Objective: To explore the effect of biochar on the environmental quality of cadmium-contaminated
soil, providing a reference for effective implementation of soil cadmium pollution control and re-
mediation. Method: This study used peanut shell biochar as the experimental material to study the
effects of different biochar application rates on soil nutrient content and enzyme activity under three
different cadmium levels through a pot-controlled experiment. Results: The content of ammonium
nitrogen, nitrate nitrogen, available phosphorus, and soluble organic carbon in soil under different
experimental treatments showed a decreasing trend over time. Compared with the 28th day, the
soil soluble organic carbon content decreased by 63.42%, 64.54%, and 49.86% at the three Cd levels
on the 90th day, respectively; the content of available phosphorus decreased by 48.99%, 61.1%, and
59.85%, respectively; with the increase of biochar addition, the soil effective nutrient content showed
an increasing trend at three Cd levels, among which the 0(4) treatment with the highest biochar
addition, the L(4) treatment, and the H(4) treatment showed the greatest increase. The application
of biochar has a significant impact on soil enzyme activity. Under the three Cd levels, the soil urease
activity, catalase activity, and alkaline phosphatase activity were higher when the amount of biochar
added was higher than when the amount of biochar was lower. But when the amount of biochar add-
ed reaches 4%, the activity of the three enzymes in the soil is inhibited, and the activity is lower than
the level of soil enzyme activity without biochar added. Conclusion: The addition of biochar can in-
crease the content of soluble organic carbon, available phosphorus, nitrate nitrogen, and ammonium
nitrogen in the soil; a certain amount of biochar addition helps to improve soil enzyme activity, while
excessive biochar addition inhibits soil enzyme activity.
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1. 518

WEERLNRE, HHRREZER RPN RBEARMRE 225 /M2 4[1] [2] [3] [4] [5]. 28T,
2014 FERF FEAB RS MR E AW TR, REMNLIEASDRGA R, L3 8 48 AR 267 5 e
M) 82.8%. WEFLHEMA, IWERZ Cd i5Yrbh Ot 13 75 km?, ¥k 11 AT, 25 MhX[2]. £
Ve LA TN JERE, 3R AT PR A i R R — ok SE AT RE, A RALAE M, A R A R B RE D
Fase (6], TR, VIR Z N T A ISR REIR AR 7], ERM AR A, Ak g S
T HE SRS Y IRIE 5 [8] [9] [10]. (HIRANTRTT AP B 5 L3R5 Y18 52 2 A1 N E O R B VR B
LI AL D, A T G A P e it 5 e L SRR R B A SR R T AIE 7L, PR HLAR 5 e LI ST R,
NE B IR e S B E RIS HHE.

2. MMEHE
2.1, IR
BRI 748 A TR AR R, R LSRR L pH Y 494, BBE RN
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0.05 mg/kg, HAEWETEARME . BEAHUIE pH A 7.23, S E N 041 mg/kg, C/N A4 16.91. {64
FetEWR pH N 9.31, S4B E RN 0.49 mg/kg, C/N 2N 55.5.
2.2. I

weit 2 ARG RO, 4 REAETSAEYIR S I RN BB R AR NURAS I AR AR B, DA
Mo B EBRRIN T 2% SSHERI A HUIEE N ILIE, SR EE . BRI
Ky FEIAPUEIRINEEGI 0 1 PR .

Table 1. Test treatments

%= 1. iRIeaE

MWs R 433848 5 B (mg/kg) AR MR TN (9/kg)
CK-0 0 0
o(1) 0 5
0(2) 0 10
0o@Q) 0 20
0(4) 0 40
CK-L 2.5 0
L(1) 2.5 5
L(2) 2.5 10
L@3) 2.5 20
L(4) 2.5 40
CK-H 5 0
H(1) 5 5
H(2) 5 10
H(3) 5 20
H(4) 5 40

23. MERBRSH®

2.3.1. IRE§IE

FREL 5 g ff + B F 50 mL BEDE A, F¥EUHAF A 1 mL 2K, ERIEX. §E 10 min f5, A
R (pH 6.7) 20 mL. 10%JRZVAW 10 mL. #E51J5, KREGIRARE 40T, IRE 37°CbfTR;
Fto 24 hJa, XEFESEHTIEIE. TR 1 mL SEMOFAS IR A 25 mL L TN 10 mL Z&TEK, RS .
YRS F I TE B NI 2 mL. KGRI 1.5 mL, JEREK, EAFRRSES, #HE 20 min LIEFE
s, EFEEOT, WREEG. ROJERE SN R E T 578 nm KT RO I E
M5 FHAE L h WEER. B LR E AN JC ST BRI — A0 o IR JEBEJx B LSS R AR (10 mL) o Fy
BRI (PH 6.7)RE 10% R RVEW, HABIRAE S SLIOAHF o A8 J7 15228 B I (L3l J LT
FAEY [11].
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2.3.2. THELEEHUE

FREL 2 g AT TFEE T 50 mL 2R, KRN Z B T7K 40 mL. 0.3% H,0, %W 5 mL J&, A
EIR IR ML HEAT 7E 35 20 min J& B R FERE N AN A4 1 mL, $247, I € T84 5 mL 1.5 mol/L
H,SO, ¥ I =i rh, 985 A3 BRI . F BRI E #2 F R A0 6ot BE T 240 nm A A7 9 L £ I
W . RS T RE B TE G IR — AN X R . o IR LSRR (5 mL) Y 253 T KA 0.3%
HoO, ¥, A ERE SRS A FEAHF o AWE LS H 20510 CERIMy 6 vE N E 13585 AL A
WY [12].

2.3.3. W BB E

FREX 5 g KT H#ET 50 mL BRE A+, AZEPRH A 1 mL 28, FEE@ER. #E 15 min f5, &
VNN ZEBERR —ANTET . TIER 2 (pH 10.0)% 5 mL. $E2), 13% 12 h F 37°ClEEM . BE)E,
UK 2RV T 50 mL ZIFELkAl, #B5))G, H=ZuEatduE. B 1 ZFIEmT 100 mL F&EMp, &K
I 5 mL Bl ERZZ i (pH 9.0), 3 mL 2.5% )k FAL FIE AT 3 mL 0.5%1) 4 - &2 B ki . &
RIERNES, #HE 20 min DIAFER B 6, EWELT, WREHE. SEERERHEINMORE T
570 nm KA E R SGEE, WEFAE 1 h WEs. B LR E — TP AT — NG LR . okt
Jix HR CASEARAR (5 mL) ) ZE AR /K AR SRR A, A ERAE 5 SEge AR . AR E S8 2231 (L
R RS T 2 T R R ) [13].

2.4. BE®BATE S

N Microsoft Excel 2013 #E47 5 AL FE; I Origin 8.5 #E4T B # 2:H1; H] SPSS Statistics 18.5 #4741
TN T AR 3R 5 2 b, 3B UKSF P < 0.05.

3. BZREHh
3.1. IR Cd s tIEA S SERIF M

3.1.1. FEAERT Cd i5HTHWATFEEV R

B LAk, =R Cd WK 8K, R nl A A ML S R AR KB R, R FRAE
], IEATEME AR S B RO R RS T a5 90 d i, RN Cd bl it a
MU 2 5 (1 B N 63.42%~31.13%, 2.5 mg/kg Cd ¥5 4% T3 %1y 64.45%~41.54%, 5.0 mg/kg Cd V5 4+
HEF#1IE N 48.70%~55.82%.

AN TR A= 4 35 A 102 ) A B 0o - S TV M LA & B B IR . 7ERYR N Cd KPR, 5 CK-0 &
AR, OQ)ALFEK Al vETEA HLER & & BT T 9.99%~57.51%, OQ)AFER Al A A L S & LT T
11.44%~80.45%, OQ)ALHMIAIIEIEA NI S & LT T 12.29%~111.38%, O(4)4:FH Al i A WLk & &
EFFT 16.09%~119.44%, H'BA15 CK-O &b ] 2 ik i 3 K F(P < 0.05).

7£ 2.5 mg/kg Cd /K°FF, 5 CK-L ZbFEAHEL, L()ACHE A A WUk & & ETF T 4.49%~38.53%,
L)AL (v A ML & BT T 8.30%~58.89%, L(3)AFERI Al A MUk & & ETH T 13.55%~69.47%,
L(4) AL ] A WUBR & 8 ETF T 13.55%~100.67%, H 'EAi15 CK-L AbHH 8] ) 28 ik i F KPP <
0.05).

7£ 5.0 mg/kg Cd /K°FF, 5 CK-H Ab#AIEL, HQ)ABERAIEEA IR S E LT T 1.79%~27.58%,
HQR)ALEE AT AT MU & B BT T 7.62%~32.11%, H@)ALEE AT A WL & & BT T 13.34%~47.41%,
HA) LBl vatE AR & BT T 28.52%~36.99%, H'E415 CK-H AbFHja] ) 22 ik B K FP <
0.05).
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(A): Ko cd AKF1E3E; (B): 2.5 mg/kg Cd /K-F13%; (C): 5.0 mg/kg Cd /KF 13,

H: E(A)H, CK-O. O(1). 0(2). OR)HI O@) 7 MRS ABIAEY RALIR . RN 5 glkg AW AEFE . 0 10 g/kg
AEVIRAEER . VNI 20 gikg ZEAIR AL ERFIVA D 40 glkg AEPImAbEE . E(B)H CK-L. L(1). L(2)« L)FI L(4)7 7k
7~ 2.5 mg/kg Cd /KF FARBINAEYIRAE . 705 g/lkg EVRAHE . 70 10 g/kg I wAH . R0 20 gikg ZE9
HALFERIGRIN 40 g/kg AEVIRAEHE ., B(C)F CK-H. H(1). H(2). HE@)AI H(4)% #ZE7= 5.0 mg/kg Cd 7KF R K70
HEVIRACEL. VRN 5 glkg AEVIRACER . RN 10 g/kg AR AL . N 20 glkg AR R AR B AR I 40 glkg AR R Ak
H, 28d. 42d. 71d 90 d AR/ EREREH 28d. 42d. 71d M 90d. FIE.

Figure 1. Soluble organic carbon content in soil at three Cd pollution levels under different biochar treatments

E 1. TRIEYRLIET 3 # Cd iSRKFLIEALAHBIREE

3.1.2. FEILIER Cd SR IFEH AR

= Cd R L g O S AR ] 2

= Cd R LK, RIS S B AR KBUHEE, RSP, e A A
BRI FERLEE 2218 FRE#ash. 55 90 d iF, 55 28 d AHELA:, AR¥SIN Cd A - 358 v i e 5 AR 1)
Bil 33.52%~50.15%, 2.5 mg/kg Cd ¥5 4e -t 358 i & S B Ay 47.25%~61.11%, 5.0 mg/kg Cd ¥5 44+
TR T 2P lE Y 53.53%~60.86%

TERBIN Cd KPR, 5 CK-O AEEAHLL, O(L)AbEE ) LA & & T+ T 8.39%~14.48%, O(2)
Ab R - SO 5 B B T 6.06%~21.78%, O(3)AbHE )+ A A & L FF T 18.52%~54.46%, O(4)
AbHR ) R S B L TE T 27.22%~80.20%, H B CK-O AbHE A ) 2 5 IA 55 35 4 K (P < 0.05).

7F 2.5 mg/kg Cd /KFF, 5 CK-L AbFRAH L, L(1)AbFR A 38 2k & & L7 T 4.91%~26.89%, L(2)
AR PR ) B S BT 3.27%~13.45%, L(3)ALERAHIEE S E LT T 7.84%~36.13%, L(4)
AR FR () IR S B TE T 12.75%~52.94%, H B CK-L ARFE[E] ) 2 S0k 2 25 /K P (P < 0.05).

7£ 5.0 mg/kg Cd /KK, 5 CK-H AbFEALL, H(L)ANFE 33wk & & ETH T 4.91%~26.89%, H(2)
AR ) O S B B T 3.27%~13.45%, H(3)AbH A S LT T 7.84%~36.13%, H(4)4bHE
) O S & B T 12.75%~52.94%, HEAi15 CK-H B [R] ) 2 50 8 35 14 7K (P < 0.05).
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(A): K#Fincd KPF+IE; (B): 2.5 mglkg Cd /KF+3%; (C): 5.0 mg/kg Cd 7/KF+3%.

Figure 2. Available phosphorus content in soil at three Cd pollution levels under different biochar treatments
2. FEEMRAIET 3# Cd THRKFHIBRRGB S E

3.1.3. FEAER Cd s TIRHESRANEW
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(A): K#hn Cd /KF+3%, (B): 2.5mg/kg Cd /K F+1E; (C): 5.0 mg/kg Cd /K713,

Figure 3. Nitrate nitrogen content in soil at three Cd pollution levels under different biochar treatments
El 3. TEEMRALIET 3% Cd SRR ELIRHESESE
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=P Cd IREEAK ISR & 22 3 s,

= Cd R E LK, RIS ER S BT BRRBUEE, fERAMREIIN, TEREASE S EY
SIAEFRE S T BT, 5 90d T, 55 28 d M, KN Cd b iSRS & Bk
I 55.33%~60.99%, 2.5 mg/kg Cd i5 e+ Al A % & B W% A 56.92%~65.38%, 5.0 mg/kg Cd ¥5 4x + 35
BREE BIEIE AN 44.44%~49.64%.

TERBI Cd KT, 5 CK-O AEEALL, O(L)ALER ) HHEHE A& & LT+ T 0.64%~12.73%, O(2)
AEHEI ISR S B L T 4.87%~21.82%, OQ@)MHEM HIEMAER & LI T 11.35%~17.14%, O(4)
AEERI LIRS R SR LTE T 13.27%~27.27%, H'EA15 CK-O b3 R i) 22 ik &2 25 /K7 (P < 0.05)

7£ 2.5 mg/kg Cd 7/KF~, 5 CK-L AbHAHEL, L(L)AHER HIEMSR S E LA T 2.56%~14.50%, L(2)
MR RIS A S B LT T 9.62%~13.85%, L) EEMESESE LA T 12.79%~36.54%, L(4)
AbHR ) R B L TE T 19.23%~28.46%, H B CK-L A3 H] f) % 508 5 35 14 /K (P < 0.05).

7£ 5.0 mg/kg Cd /KK, 5 CK-H AFEALL, HO)AE LIEMERSE ETHT 4.05%~14.75%, H(2)
AEER I IR SR S E LT T 9.46%~16.81%, H3)AHE MRS RS E LT T 9.46%~24.59%, H(4)kb#E
PSR S & LA T 29.83%~52.50%, HEA15 CK-H Zb#H A ) % 50k 5 3 14 7K (P < 0.05).

3.1.4. NEIER Cd BSRIRMEBSETME
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(A): KN cd KF+IE; (B): 2.5mglkg Cd /K-F+3E; (C): 5.0 mg/kg Cd 7K-F+3%E.

Figure 4. Ammonium nitrogen content in soil at three Cd pollution levels under different biochar treatments
B 4. FEEVIRLIET 37 CdISRAKFIRETRARE

= Cd IR KT LS R S B AR E 4 FTR .

= Cd WP LK, ISR S B EAREREFE, ERARER, RS RTED
BIAEFRE NS T Y. Hh R85 90 d i, 555 28 d MHELE:, AR¥EHN Cd 3 b SR &
AN F#E 9.14%~18.39%, 2.5 mg/kg Cd ¥5 4+ I # & %R & = 405 13.56%~20.97%, 5.0 mg/kg Cd
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T YIRS R A R R IE N 15.97%~25.73%.

TERBIN CAd /KR, 5 CK-O AFEAMLL, O)AbHEH IR AR & & LT 4.38%~8.88%, O(2)4b
F ISR S B LT T 3.58%~14.45%, O(3)AbHEf 14 SR & & LA T 5.03%~13.03%, O(4)4bH
ISR S E LT 10.48%~17.43%, H'EA1H CK-O AbHE[a] i) 2 504 2 2 M /K (P < 0.05).

7f 2.5 mg/kg Cd /KFF, 5 CK-L AFEAILL, L)AFER HIREER S E LT T 5.90%~16.54%, L(2)
AbHEf IR SR S B L T 3.85%~21.68%, L(3)MHEMHIRMER S E LI T 16.68%~25.89%, L(4)
AbHEI IR SR S B LT T 22.61%~32.69%, H i1 CK-L Ab ¥ [ ) 22 5 ik &5 3 14 /K 7 (P < 0.05).

7£ 5.0 mg/kg Cd /KT F, 5 CK-H ALBEAHLL, H(L)AHE -8R &8 LT T 7.60%~15.96%, H(2)
AbEE I R S R S B BT T 6.87%~20.48%, H(3)AbH 4 S K & & EJt T 5.68%~11.06%, H(4)kbHE
P SA S E LT T 8.99%~16.67%, H'efi1s CK-H AP [A] (1) 2 508 5 2 14 /K F(P < 0.05).

AEWIR IR O(4)AbFE . L(4)AbFEAT H(4) b FE i) -3940 26 0 & o 1 b At A P2 1) - 3840 36 R
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(A): K#Fincd/KF+IE; (B): 2.5mglkg Cd /K-F+3%; (C): 5.0 mg/kg Cd 7/KF+3%.

Figure 5. Urease activity in soil at three Cd pollution levels under different biochar treatments

E 5. REAERAIET 3 #h Cd 1557k T+ 1E ARESE 1t

AN TR KA IF 1) 5 Ak B2 - S8 O Wl v M AR A A 51 5 B

TE=Ff Cd /KR, AEPRISINEXS O(4)s L(4)FT H(4)AbHE 1 - 48 IR Bt M 3K T oAb 2. g 34
REA YRR I ARSI AR R A FEAR L, 1358 IR V5 PR 350 AN [ BE B4 /&1 o ZE R VS I Cd /KPR,
5 CK-O ZLBEAHLL, O(1). O(2). O(3)Ab3H i) - 338 Ik il iis 1 73 Ml 5 7 0.11%~8.74%. 2.45%~19.23%7!1
9.64%~27.09%.

7£ 2.5 mg/kg Cd /KPR, 5 CK-L ZFAFEL, L(1). L(2). L(3)AbBH i 338 g B 35 1 20 B4 =
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1.08%~10.08%. 3.07%~10.08%7F1 4.17%~17.38%.
7E 5.0 mg/kg Cd /KPR, 5 CK-H &#AHLL, H(L). HQ2). H(3)MEE’JJE%HE%@§&@ 7 $ e
3.5296~35.91%. 5.27%~22.02%7%1 8.11%~37.66%. ., CAVEMIRITINE N 2%40 B 5

3.2.2. E#xt Cd ISR S EEELRFM

AN TR AT T 11 5% Ak PR - 38 o 4 A0 S BB VE AR A N 5] 6 BT

FERENIN Cd /KPR, BAFRELE R 1) LS S AR A P 2 R . 78 2.5 mg/kg Cd KF T, it
AU T L A e o 2 v S BT S I %5 £E 5.0 mg/kg Cd ZKFF, I SRS T R ILSE
R IR A A . BRAEVIR B INER 1 O(4). L@ H@)LFLA, ANV R AT 5 4
AR A EM L, FERIN Cd AKFF, O(1). 0(2). O(3)AbHE ) t- 3t S 4k S BE 2 B4 v 1
4.95%~19.40%. 5.99%~30.35%7#/ 17.15%~37.06%.

7£ 2.5 mg/kg Cd /KFF, 5 CK-L AFAHLL, L(1). L(2). L(3)4b¥ i35 S tb S Mg is 4 4 o
T 1.79%~31.17%. 2.80%~38.38%#! 3.56%~51.71%.
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Figure 6. Catalase activity in soil at three Cd pollution levels under different biochar treatments
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Figure 7. Alkaline phosphatase activity in soil at three Cd pollution levels under different biochar treatments
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