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Abstract

In this paper, the pot experiment was conducted to study the effect of fruit biochar and swine bio-
char on the physicochemical properties of heavy metal contaminated soil and spinach growth in
mining areas at the biochar concentration of 0, 5% and 10% (in terms of dry soil). The results
showed that after adding the fruit biochar and swine biochar to the soil, the pH of G5, G10, Z5, and
Z10 treatments increased by 0.02, 0.05, 0.04, and 0.08 units respectively, compared with the CK
group. The available potassium content of soil and the potassium absorbed by spinach increased
with the increase of the two biochar applications, while the available phosphorus content of soil
and the phosphorus absorbed by spinach decreased slightly with the increase of the two biochar
applications. Compared with fruit biochar, swine biochar significantly increased the available po-
tassium and available phosphorus in the soil. After adding biochars, the fresh weight and plant
height of spinach also increased, but it was not positively correlated with the application rates,
and it was related to the physical properties of the soil and the light, temperature and humidity
conditions of the spinach growth. On the whole, the application effect of swine biochar in this ex-
periment was better than that of fruit biochar, and the biochar concentration of 10% was better.
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1. 5|8

BTG4 S A X2 el 80~90 AR G IR EH WAk 7 o RELIN SRS X, XNREN #E iR
RHMER S, Ky 2 B SREGRESEY = ENE EWR[1] [2]. B ALK E 3% He, Pb, Cd,
Cu, ZnZ5i55%HE[3] [4] [5]. ENAINCHRFTRY[6] [7], EVRAKIE A, HEZLEH0. BRW
PR TRV & IR TH B RE ], % 25 6 V5 Yo IR B BB ek, LI S 28890 S oxet 75 4 s W P A SR e
[81[9] [10]. HEIRTHREFER FEFF R 1w SV A AL 2 [ 11] [12] [13], MR TRAKRE
IR X AR TT g BB AR, HESETE A E 4R 5 e I AR KRB . AR
I F S S A AR Y, W U DG X A S v Y AR R RIS [R] LU AR (T B B 9 5% 10%) A
A5G A 3 R SR A K B B AR SR R, A AEVIRAER X RAT B L A R T YRk B R IR
AR

2. MN57E
2.1. AR

PAARAR NG B BRPUAC 2 LM ERIEOT KA R AR, DSERR Y I RGE R %, pH o4 9.81, JLr
Cr. Ni & 8708 IS L (EL AT 1.31 A1 1.39 ff, Bhliihs. 2ol 8 & WUR-RARSTUEA A,
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Rt 2%

SRR A AT WK R RS, R 550°C iR R 5 /NI R AIHUH , IR =258 33.3%, pH N 10.22,
Ho Cus Zn B BN IFE M 2.2 A1 2.1 £, SE 300X &0 KRR 53EAK T2+
HE(0~30 con) ¥ B LL 1:2 B3, pH Jy 8.22. R4 ( LIEFER BARME) (IR1T) GB15618-2018,
FlAEMI R IZ IR 5% 10% E 4y beisin g, Ak 13 He “F¥ & &0 EEHIMER 1.38 f%, Pb. Cd. Cu-F
By& s i R AR TR IR (5 1 3.42. 1.83 Fl 1.46 £, JREREIE A5 13, 2850 98 % oA i =
ZERIM PR A MUAEIE B P e thasah, AU &5 1%.

2.2. AL

AR TR AR TTE, BB T RARFIE IR 3 AN EVR K, WREE 1A 0% (CK), 5%
(G5 1 Z5)F1 10% (G10 A1 210, PAXRAFEit), L5 AMbEIH . 2018 4F 4 H 25 H¥G HANT LR LA
e, 48 MR R JGIL 5 mm 4 M. RIGE 250 mm x 200 mm (L1142 x @)WRAER, BKEH
Wb, U8 GHUE R AR L e PR G5 5% H. B AFRaE 2.5 kg, HARESE, &
W EE 3 K, it 15 H.

B AR HCEMN T 10 KL, FPHE LSS, CREEE AT 5 M. BUEeHh SUA T v TR
BRI FC e U8 Y A H B == 9. T 2018 45 5 1 HEEF, 7 A 10 HGER, = NiREENA
25°C~35°C, HF HIERTGesE, % Ab3 I B it 5 K T3 (R — 2

23. HERESE

WK R R 5 Sk v, OGRS A e A R AR 2 om N REREGES) LR, &L
4 %, R JERTHEEE, 23 %)5id 2 mm. 1 mm A1 0.149 mm F450 . 4% pH K H DELTA 320 pH 1l 5%E (K
+H2.5:1); HAE ERA 1 molVL ZFREIR IR - KIGETHENE ; A %0 & &K H 0.5 mol/L HRIR
SANIRAR - SBT3 5E . B 428 Cr. Niv Cu. Zn. Pb. Cd % ICP-MS Kill5E; Hg. As R T
PEIETEIAE

2.4. BIEGt
Fi A Hidfs ¥k H Excel 2010 #AFHEAF21E, KA DPS A% () Duncan ¥E1#E47 77 25 70 M S & Ve A
5, - REARHEE
3. ZBREH
3.1. &4t £ pH KRN

AR AT, AR 3E pH A 8.22, B THMEL, UMY K G pH A 8.24~8.31. % CK
4, G5. G10. Z5. Z10 pH 73542 7 0.02. 0.05. 0.04 F10.08 ANHAL, pH BE PR A5 N FE 1)
BTG . AR ER R I AN T A AR R B SRS TS S AR S, SRR T I A A B0
BT SIS T RAERT B[ 14]. PTRER T AU L E T 1, SAYRWAERENIRES T, W
K'. Ca®. Na's Mg™ "% [15], KRR INEY) 5 E L% pH IR AR 1).

3.2. EPIRRHR TR AR AR R R

PRBEE Y E R KB LA DRI TR, AR K A, JldssEE Z [ 16].
TR AT T 0 0 8, ARASHPER L SCHANEARNUK I RS, 42 I8 TR 043 R mT 20 e R0
SRR AR AR o H rh ST A A S R ) SR R ), KIS PR R KN By, AT ELER AR MR
AA17][18]0 TP RAEYIRAC B A 2, AR EKEERE . B S A HLASTE(19]. B
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Figure 1. pH of tested soil before planting
B 1. #ERT R %R pH

ARG A I A IR S AR S 5 R B R B A A vt P R RGN T 2 N, DU RS SRS IS
TEEE., A CK 4R, G5, G104 Z5. Z10 AbEZH - 3EdE S0 & & A3 7 0.21. 0.68. 0.27 F
0.77 f5(El 2). WINAYIR fG L3EA Rk & B RN, gm0 A S BN mE N EE. K
3 ATHN, FHEL CK 2, G5. G10. Z5. Z10 AbPRZH 354G W0 & & 53 m 0t B4 1 0.75. 0.63+ 2.01 A 1.85
. SRR, BEE ARt N, A R0 R g A T . G10 5 210 437t G5
A1 Z5 JbFAH -39 R B BN I T 0.12 1 0.16 f5.

BT AR AL &R E K, Na, Ca, Mg %80 Bt R M N, PEEEFRIGR, HEIRMKS S EV L
T ARBURKIK 7 & 5 ([21], FHES 128 Hfie 77 A m] 28 e 55 1 2 AR [22], BRI S0 ki 1 g e
SRR R AT 80T 1) s B o A O R I A A it P G T 3 e B DR RS I AR R S A
L33 pH G0, (R AE L5 BERR A DTVE G I BRI TR M, X S NVE T —E23].
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Figure 2. Available potassium of tested soil before planting
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Figure 3. Available phosphorus of tested soil before planting
E 3. Mgt IR EMaE

3.3. ARINEMR G ESRE KRR

3.3.1. XESEMRE . HENFL

AT A N AR ¢ 5 9% S e B e AR A i = K i 3 in . sl 4 Bs, MHEE CKL, GS. G100,
Z5. Z10 AbFRA JESEAE T S HIBEIN T 27.0%. 72.6% 33.5%F1 37.4%. G5 Al G10 X3 S 5 520 22 5 tb
B, M Z5 N Z10 FEFERO L AR . JeA, WIAEYIR G, Wtk g IEm . A 5, MR
CK 4, G5. G10. Z5. Z10 Z:IHFEZR R T 77.8% 48.1%- 37.0%H1 96.3%, FHH G5 kbHEH 3
SRR T G10 A BB -

AR R ot 33 S L R v (R BN AN 5 AR R MR SO B G, IR 5 O ) J R O (R R
WA G —M, AR HEYERKKREER S B SR 70 RRBUN, M5 H L s A pan
RE, B, HIEFKE. pH. BB S L YE S SCE A O 24] [25]. AL, EWIR FHE
M2 M mfEy R, HEd e, TSEHREESm, BEmE, RETBRRARL, S
AR R BRAR AT AR AR, X TR IRt 52 B [26]
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Figure 4. Fresh weight of spinach
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Figure 5. Plant height of spinach
5. SRS

AR O FERARBERAR , X 13 pH SRR RO ) 5OV P L2, (B S O 19 7 2L
FIFARZE . BAh, st th 5AEYIR B RIEAR, X5 H sy B IR K s A i Ak BB I
T PBE R RE S A A A SR 27 0 R, R A WD RE NS 2 35 B v L 9RO & A (ER A — 8 I Rl 2 kT
GEKRE, ARE PRI I RCRILT RAR, H 10% B8R B,

3.3.2. FHERAWHEFRIF IR ERIF D

TSN 3% T 95 ST 1 S Ak B R 5l () W B R 8 SR B i #A . AH LK CKOAREE, G5, G10. Z5.
Z.10 Ab P ZF 35 25 %) T A5 PR R A 0 U BN T 0150 2,13+ 2.14 1 4.15 %5 G5 X 35 S IR G 008 1) 2k SR
AN, M Z10 RN 35 (K] 6)o AHBCRAT, J8 38 5 IR AR ASE 6 S W W8 2 R 8URUBR 77 43« 4h,
FIE CK 4, G5+ G10+ Z5+ Z10 AbHRLH 3 520 25t R e i 2 B3 N 7 4.964 2.69+ 7.08 A1 3.91 (i
Pl 7)o 95 ST A 00T P40 VG S o R A 2 A2 e ) e PR 388 o s T /) o 3% 5 9 SR A T H 3 O R A — 3
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Figure 6. The adsorbing capacity of spinach to available potassium
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Figure 7. The adsorbing capacity of spinach to available phosphorus
7. SRS BRI IR 2

b A R [ E R RS AY, R, pH, CEC, UK &R, #ETIRMEZSER
RIS [28] 0 MU 5 22 AU A T A P R [ 14]. MR B AH LS, Bk, LRTHE,
BETIHE 4 pH A1 CEC;  H AR B A L2 i AR FLRE A 1) T 3 B A R4 BE 2 7K 23 [29] [30]
[31]o {EIEJ¥ pH. CEC MUK AT, #HE T ARIBBIEAES, L rh A S B sk, sl
ZIELb RN e

TP BRI B S RIS V. HIEA AR KA pH B AE 2 AP R KR [32]. TR M i i
B e A PR A WU (K I DR P . A LI AL S W0 7 25 I A R /A AR A1 P 4 T A 9 RE A A1
I R [33] [34]0 34k, 35 pH 3 I R0 - 33 R n ) 8 - o MR S T L #2525 R A AR 351
AR 6 A R R SR B A R X Y R I T AT R B, T R R AR A R S N2 A - AR oy A
. pH Thiye HPMEYIRE NN 5%, A R i E A/ T LU AT, T 24l oy 10%I0, i
A5y K pH AT RG] T A B BEIRE  E E RBEIRIR S Fe', AP Ca’t 45 4 B B A LA P 5k
FE[35], SEUARBEALIRTS, 2 T3 B AT W SOR Y A R T B

4. &g

AR PRI B AR R AE IR G, G5+ G10. Z5. Z10 ALFRAL) pH % CK 4120 B3R 7 0.02.
0.05. 0.04 F1 0.08 ANERA . THGCE S 5 30 S0 0 IR B 6 o 9 P A2 470 it P 1 ) 38 I 16 T A A A
ST SR R R T AR it R B IS T B . AR AR, A RN o e U R A AL
BRI TN 2 . IINAEYIR G, SR Sika A g, E5RHEARIEMR, Skt
VIERPEIR B S AR BT AL RO L TR SR B SRS K. SRESKRE, AR TR 2R I it A SR LT
AR, H 10%1HERRELE.

SE ik
[1] AT, WAHE, sKITHE, & 5 P2 35 F & T b 5 B4 1] Bt 3 22 S PR 5 —— DARR PG Ja o6 . KM f237
TR XONBI[]. HhEREL 5 IRE2EH, 2011, 33(1): 89-93.

21 T+, BET, BGER, % ReEy XEEM T KESEEFEAYE I [I]. BER, 2015, 34(11):
2032-2035.

[3] T3 PRy i oc BoR M 8 SOR VB Y 4 B V5 Y BUIRAF 7T [D]: [ L 25018 5], P2 PEAbRMBHE K2,

DOI: 10.12677/hjss.2019.71007 65 TRl


https://doi.org/10.12677/hjss.2019.71007

TRt 55

(9]

[10]

[11]

[12]

[13]

[14]
[15]
[16]
[17]

[18]

[19]
[20]
(21]

[22]
(23]

[26]

(27]
(28]
[29]

[30]
[31]

2014.
FHAE. 3K 2R 5 4 @ 0 26 170 0 A S W B — AR AE A A —— DA G &0 XAS [R5 5 76 -3 N B[ D)
(W20 5], PE%: K K&, 2016.

KA. &0 RN %A 5 5 E 4R TS Y BUIREE R [D]: [ 2R A8 3], PE 2 PR RHR A, 2011,

Sohi, S.P., Krull, E., Lopez-Capel, E. and Bol, R. (2010) A Review of Biochar and Its Use and Function in Soil. Ad-
vances in Agronomy, 105, 47-52. https://doi.org/10.1016/S0065-2113(10)05002-9

Cha, J.S., Park, S.H., Jung, S.C., ef al. (2016) Production and Utilization of Biochar: A Review. Journal of Industrial
and Engineering Chemistry, 40, 1-15. https://doi.org/10.1016/j.jiec.2016.06.002

T, RESE, Srbeds, S5 AN SRR 2 A X 9 e A R S e B AR A s [0]. o AR A I AR,
2015, 21(4): 310-314.

FOGH, TEHER, PRvet, . ANFEABRETN Cu i5 e TR P HSERIRFAERE 7). IABERIE S HOR, 2011, 34(1):
17-21.

AL, WETT, VK, 55, 1505 AR DR 6 LR P A M ) R[], AR AR, 2010, 2(5):
274-279.

Chen, Z., Fang, Y., Xu, Y., et al. (2012) Adsorption of Pb** by Rice Straw Derived-Biochar and Its Influential Factors.
Acta Scientiae Circumstantiae, 32, 769-776.

XL, EREEE, B5Est. DERFFRAAT R KNS 275 B bl DA 3 8Ab M R R )], s
FEGIERLEAR, 2013, 19(6): 1438-1444.

Chum, Y., Sheng, G., Chiou, C.T., et al. (2004) Compositions and Sorptive Properties of Crop Residue-Derived Chars.
Environmental Science & Technology, 38, 4649-4655. https://doi.org/10.1021/es035034w

WE R, REY. LM 83 . dbat hELRL R, 2010.

TRAEEH. AW AL I T R AR AR = LN [D]: [T 25008 5], J0RH: JEREAR ML K2, 2012.

kT3, el ARG S IR0 R ACR I Rt )], LIRS /EY, 2012, 1(4): 219-226.

TNE . W FERE B AW R S SRR R KN AR R S SR RIS [D]: [l ). B B AR R A,
2016.

W, T, KIETE, % AR EEAFESH RS BN E ZALHI PR, HEEMR 2016, 47(6):
1433-1437

AR, A A RIS 3 R A AR SR 2 D]: (A3, dbat: H ERERNABE, 2013,
ZRATE, Rk, AR, AFRIR AR ) - S B AR R )], I, 2017, 48(6): 1399-1401.

Xu, G., Lv, Y., Sun, J., et al. (2012) Recent Advances in Biochar Applications in Agricultural Soils: Benefits and En-
vironmental Implications. Clear Soil, Air, Water, 40, 1093-1098. https://doi.org/10.1002/clen.201100738

Btz MRS TCHLTS RIS M F LRI T [D]: [ 22608 30]. il RigAZIERE, 2015.
PN, RIBHIR, $R%, 5. MIAEVFUR N SIERL N A S KIS [T]. RALIAERL 2R, 2016, 35(9):
756-1763.

Liu, Y., Liu, W., Wu, W., ez al. (2009) Environmental Behavior and Effect of Biomass-Derived Black Carbon in Soil:
A Review. Chinese Journal of Applied Ecology, 20, 977-982.

Jun, M., Li, L., Wang, X., et al. (2013) Physicochemical Properties of Biochar Produced from Aerobically Composted
Swine Manure and Its Potential Use as an Environmental Amendment. Bioresource Technology, 142, 641-646.
https://doi.org/10.1016/j.biortech.2013.05.086

B, ERA, ZEEL AT EY) R A 5 Y ZC H B TR S R AE KRR D], K AR KRR,
2018, 32(4): 217-220.

RO B AW HIRYERT . (R0 B SR 2R [D]: (B A 0850, Mg PUALRMBHERE, 2014,
FEVERE. ARG IR RN KN AR KSR D]: (AL 22 A0e ). IRt \LPaImiE ks, 2016.

Chen, B.L., Zhou, D.D. and Zhu, L.Z. (2008) Transitional Adsorption and Partition of Nonpolar and Polar Aromatic
Contaminants by Biochars of Pine Needles with Different Pyrolytic Temperatures. Environmental Science & Technol-
0gy, 42, 5137-5143. https://doi.org/10.1021/es8002684

FEHE, ERR, TKHE, . JUREY) BT R AL MR BT LLAL(T]. ARABARL K224k, 2016, 47(5): 83-90.

Singly, B., Singly, B.P. and Cowie, A.L. (2010) Characterisation and Evaluation of Biochars for Their Application as a
Soil Amendment. Soil Research, 48, 516-525. https://doi.org/10.1071/SR10058

DOI: 10.12677/hjss.2019.71007 66 TRl


https://doi.org/10.12677/hjss.2019.71007
https://doi.org/10.1016/S0065-2113(10)05002-9
https://doi.org/10.1016/j.jiec.2016.06.002
https://doi.org/10.1021/es035034w
https://doi.org/10.1002/clen.201100738
https://doi.org/10.1016/j.biortech.2013.05.086
https://doi.org/10.1021/es8002684
https://doi.org/10.1071/SR10058

Rt 2%

[32] EMHA, FEE. PRI SRS & SR )], M, 2013, 32(5): 768-772.

[33] Nguyen Thi Huong. AE#J5 k% VAL X 3857 & K AEYI =B [D]: (L2500 3], B THALR AL
K, 2016.

[34] MIZS. AINAEY R B AL SR EYAE K RS2 [D]. Mk PEIBR MR K2, 2016.

[35] E&M, FWigH, Tk, 55 BAEZAE AEIRYE BRI R BRI YRR A RZ R (D). FREERF A AR, 2015, 3509):
2805-2812.

Hans )X
PR RN R

1. FTJFFAM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
FHiFIRHESERE: [ISSN], FAMIT] ISSN: 2329-7255, RIA& i
2. FTHFHIM B T http:/cnki.net/
Ao« B BRSCHEREE” BEN, HIANSCEbRE, BRI

hEE S http://www.hanspub.org/Submission.aspx
HAPIMEFE : hiss@hanspub.org

DOI: 10.12677/hjss.2019.71007 67 TRl


https://doi.org/10.12677/hjss.2019.71007
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:hjss@hanspub.org

	Effect of Biochar on Physicochemical Properties of Heavy Metal Contaminated Soil and Spinach Growth
	Abstract
	Keywords
	生物炭对重金属污染土壤理化性质及菠菜生长的影响
	摘  要
	关键词
	1. 引言
	2. 材料与方法
	2.1. 供试材料
	2.2. 试验设计
	2.3. 样品采集与测定
	2.4. 数据统计

	3. 结果与分析
	3.1. 生物炭对土壤pH的影响
	3.2. 生物炭对供试土壤有效磷和速效钾的影响
	3.3. 添加生物炭后对菠菜生长状况的影响
	3.3.1. 对菠菜株高、鲜重的影响
	3.3.2. 对菠菜有效磷和速效钾吸收量的影响


	4. 结论
	参考文献

