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Effects of biochar on the migration and accumulation of lead and cadmium in soil-plant systems

HUANG Lian—xi', WEI Lan', LIU Xiao—wen’, WU Ying—xin’, LI Xiang', HUANG Yu—fen', HUANG Qing', LIU Zhong—zhen"

(1.Key Laboratory of Plant Nutrition and Fertilizer in South Region, Ministry of Agriculture; Guangdong Key Laboratory of Nutrient Cycling
and Farmland Conservation, Institute of Agricultural Resources and Environment, Guangdong Academy of Agricultural Sciences,
Guangzhou 510640, China; 2.South China Institute of Environmental Science, Guangzhou 510655,China)

Abstract: The aim of the present study was to examine the effects of different biochar treatments on the migration and accumulation of
heavy metals (lead and cadmium) in soil—plant systems. Pot experiments were conducted based on biochar treatments comprising peanut
shells, rice husks, wheat straw, coconut husks, or biogas waste products of varying particle sizes. Then, the biomass and accumulation of
lead and cadmium in edible plant parts, the variation in soil physical and chemical properties, and the available lead and cadmium contents

in the soil were determined. The results showed that biochar application could improve soil pH, soil organic carbon content, and cation
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exchange capacity (CEC) to varying degrees. With the exception of wheat straw biochar, the other four biochar treatments significantly

reduced the accumulation of available lead and cadmium in the soil and edible plant parts and had obvious growth—promoting effects on

vegetables. The smaller the biochar particle size, the more significant the decrease in soil available lead and cadmium contents, the more

obvious the promotion of vegetable growth, and the greater the decrease in vegetable lead and cadmium accumulation. Vegetable growth

was significantly positively correlated with soil pH, organic carbon content, and CEC, whereas vegetable lead and cadmium accumulation

and soil available lead and cadmium contents were significantly negatively correlated with soil pH, organic carbon content, and CEC. After

three successive crops of vegetables, coconut husk biochar of 80~120 meshes, peanut shell biochar, rice husk biochar, and biogas waste

biochar still showed obvious beneficial effects on acid soils polluted with lead and cadmium. The above results show that most biochar

treatments significantly promoted vegetable growth, reduced soil heavy metals contents, and mitigated the cumulative effects of soil heavy

metals on vegetables by improving soil physicochemical properties such as soil pH value, CEC, and organic carbon content.

Keywords: biochar; soil; heavy metal; lead; cadmium

R N A IREE ) T B Ay, R AR
WLUVEA S RENEE ARTRZ —, BEELFEN
T &, NS sloxt + JERA BT & 52 0 H 25
Jil, 3 4 R V5 YL I H i B, I E S R
75 7 R R WA R, DT X £ it 2 4 T AR i e 7
AR, R PR 4 JE U5 G R Y A B — Ko
B U H R R A E 4 R Vs e 1 B RS, TR
B - RO A A A RO B 1 A R s AR
R Hzs oy Ao e SR B oR R E AR H R E SR
A AR B0 3 A7 A, Hop Cd BB bR o M, LR R
Pb. Pb Al Cd J2& 4 H 4 5875 Y rhdie 5 UL 19 52 42 s o
R, HAMTH MR e s SR,
KLt , Ph  Cd JU LR 5 52 4575 G 13X R ] AR 2R
BE e A B NARAg FREAR BT ™ g, IR FE
FEIRFF ISR o

A=W 7 (Biochar ) J2 T 45 2H6 i 24 ) — Bl 7 2 = 44
-4k AL, Pl R A 0 SO v T e AR B T,
W E  ANURTH A H A3l $2 3 AR Ay, R
B T A B bA 2L A5 R R 2R T RE I 2 A
PETT, X 4 8 15 Y 0 4 R AW BE T, vl 8
RN T 4 R 15 Y () B B AR ] R R
R ZE SR 4 R AR I I T RIS e
e AR 0 [ SOR A5 R A ke
HK I S FIEEHAS Cd e BE R B 2 T I, AR 2 Cd
BB 8 T A sB E Cd g Y+ i
FER e FH A AR Y eI, /N SE AT B Cd B
I ERRAR, FREREIA57.5% . A=W ORI i
T B 325 5 ) A ) e AR 7 B SRR A3 ik R
BB B R M R Bk, DT LA
FLBE e bl 2 i B A5 B AR e S0, S 5 g Lk 4
B & R B EACR Y, R AT KR
FEFF AR F R FEFF A J5URE, 43 BIAEAS )3 8T $A e i 45

eI, A5 SRR 700 CHil & AR AT AR P 2k X Ph* A1
CA* W Mt 7 de i o 940, A xt 38805 ey i)
W AT BB ARBOR AN S B bR TS 49 B B i1 o
JTRIAT P H 5 B A 3 AR K A R AR
FA KA XS HARTS Sl RERE A
— M KR, Lu%™ Y5 Hu P 8F 52 £, 2B
AT Cd WS SRR LA W I () TR AR | i o
LR TS A N N N A W N [ B3 e
Wy et 398 T 4 JE 15 YL i i AN ] L 4 e
& BTG YA RIVE D 00 A WA 35t mT EAS — 3

DR I, AR ifF 5% o BOHML 70 % 1k T 4 i 5 Y 40 B A
R FERT G2, 43 500 it AN () DRt A Y B AN Tl R A 1Y
A=W, 8 i 7 AR 4 Sk 22 R R [ B R 3
PRAT A [R) 4 1 A 1 e % i 1k ¥ 4 i 15 e 58 v Ph
N Cd P EEALAE F R [ 8% 25 55 4 10 3 Dl 3 07, ok
FAEYRIARE T, - Yk R P E 48 Pb Al Cd
)5 REHL

1 #MEEFE

1.1 iR 11 YR R mM

B R B TR B X0 G R T ek
M, - 828Ry 21 58, + 3 0 BE A R Ak M 57 o pH
4.73 A ML & 2.63% .CEC 4.53 cmol - kg™ .Cd &
5.26 mg-kg' A RUA Cd 2.45 mg- kg Pb M 1.11x
10° mg-kg ™' A %A Pb 321.70 mg- kg™, Bl & 112.83
mg- kg™ AW 48.90 mg- kg HALET 54.67 mg-kg ',
AT R, 2 2 mm T 5 AR AR

R 56 T AR 0 5k 30~60 H AR A= 4 7% . 60~80
H B 5E A9 5 .80~120 HE5e LW i AL ST AW
B SNEFRERE A e IKREFELE Wik B A R R
YirE W 7 R, 30~60 H RS A 17k L 60~80 H MBS
AW e 80~120 H BB 5E A= ) o W 3 )7 M Tl 3 kX



20204 10 B

BOEE, 5 RO TR RIY R R rh YRR R R

2207

SN ] IR AR A ) ok B A IR R
w], DIAEPIEADR R IR SR B i 25 AR A SR
FER W, AR FE ) 5 HoAth 4 Fh A= ) < 5|
HEBSE ALATE NEFEFF KA FEALE 500 °C i B AR
2 h A4S o BREBSSAE Y i, AR Ak it
60 H i J5 VR Aok . el A Py e S AR BRAR P o
W1,

R B3 Ao 20 (49) AR 3R (R RA))
RS2 (AL B T RAA R F
RGN  3, BiAE Jr XORSR ESERTh 2 E
rE.

1.2 ik

ARG 43 Jy KR 30~60 H 5S4 4 75% .60-80
H B¢ A 9 i .80~120 H i 5¢ 4 W e AL 5 AW
RN FEFE A e KRR SEA W SR R R
WA oL 8 AL A P 4 2 () . BTk
SRR A 18 em (1R X 17 em (ME) , B 4535 +
1.6 kg, A=W o B TN it Ry g 4 BT A 1) 3%, R BsA
NGB 0.61 g BEFRE —470.68 g JR K 038 g, T
B AW MR 2 IR AT R A K B K
500 mL, B 10 d 5, T 2017463 A 17 H PR
— R SRR, B3 R R SO R RS 5
RGBSR AR 40k, T 2017 4
579 H# TR, 5 —Fb S AR5 ih 2017
E11H 16 H B Fioh A= 38, Fivki o S Bk, B
L URR, AR SR A K Al it i AL B 0.61 o BRI A — 8%
0.68 g.JR % 0.38 ¢,2017 4 12 A 23 H k4R, 2
SR ARG T 201845 1 H 23 H 83

PRI ZZ 32, A 7 RS AR, A L PR I AR K
i A S ALE 0.61 g BEIR  —4% 0.68 g JR % 0.38
2,2018 44 J7 11 H RIK.

1.3 MR ERATLE

BRREBR OGRS F U 384y, 45 35 52 B Bk
it AR AE A A b g BESRAE  SE )R AR KR
ai K EVE, BT 105 CRE 2L G IRERE
75 CHEZ TR SO s M A AR 1Y BT i, AT AR AL A
BE AR, T EFRICR (A 8 ) kESE TR
(Cd.Pb) &M E . HIEEREGE N, R 2
mm fLAZ G IEA 7 pH CEC | eSS i =0 S AT R
B P I B 2 mm FLAR G A A FH O 432 B
— ARSI | 5 0.25 mm FLAR T IS HEFT A P
e AR Cd XA RS Ph & 1l .

1.4 Sk A&

RS AR RE B HLSO,—H.0, 1 &, T4 & I 0 )
FIHBIL R E BAGRIE BB b i Sk e el
FER B VIR BRSRAE PR A By Cd 5 Pb 4l
M4 GB 5009.15—2014 2 GB 5009.12—2017 J5 ¥ il
Ao T YR i pH R R BE T (Hg 4 ) S210-
K) W 5E , /K 23500 1:2.5 F11: 10, A HLAR & 8
AR R A - R R AL TR U 5E , CEC 35 5 1 & PR B 5
L (LY/T 1243—1999 )M 22 , Wi fife 2 A3 800 B 33 B
53 R PR 4 10 R PR S AN T e £ TR A B L
FER A A Cd L Ph e 4 Cd L Ph 43 BK 5 GB/T
23739—2009 -+ & A %S H AR 0 I 2 7 ik (PE
AA600) % GB/T 17141—1997 A7 B4 W 4356t
JE 3 (PE AA600) #E47 o 56 4% FH 20% A TRE

R EMRNEREL MR

Table 1 Physico—chemical properties of biochars

HER TR

EERIR e I, fHcd 2&RPh . A R LG £ X E
He Wy i CEC/ Specific . Alkaline i X
Bioch pH  Organic ( Lok ) o / Total Cd/ Total Pb hydrolysis N/ Available P/ Available K/ Total N/ Total P/ Total K/
iochars cmol-kg™) surface area drolysis
carbon/% & s (mg-kg™") (mg-kg™) yaroly o (mg-kg?)  (mg-kg) (g-kg') (g-kg') (g-kg!)
(m*-g™) (mg-kg™)

Bl 8.25 31.9 0.7 6.03 0.01 2.15 37.6 650.4 3170 10.98 2.94 6.17

B2 8.44 38.5 2.6 6.53 0.01 2.58 43.9 1158.1 5385 13.65 5.16 7.87

B3 8.74 68.0 20.2 18.33 0.01 3.56 18.8 892.7 6 006 8.62 4.27 8.65

B4 9.72 423 17.5 10.86 0.16 5.46 211.0 317.9 33924 12.83 2.58 47.54

B5 10.20  33.7 6.3 12.47 0.08 4.00 31.3 288.5 41872 11.49 2.28 54.20

B6 8.39 54.9 22.5 32.13 0.38 28.60 35.5 209.8 15923 6.47 1.48 17.85

B7 9.98 48.3 24.1 54.80 0.02 7.01 35.5 550.5 15 695 6.98 2.98 16.69

1 :B1.B2.B3.B4.B5.B6.B7 41510 30~60 H5c L) 1k .60~80 H A= Wy e .80~120 HMB5E £ M e AL e W e N REFEA W e KRG

FCLEW e S R R ) A M e o

Note:B1,B2,B3,B4,B5,B6 and B7 are respectively coconut shell biochar of 30~60 mesh, coconut shell biochar of 60~80 mesh, coconut shell biochar
of 80~120 mesh, peanut shell biochar, wheat straw biochar, rice shell biochar and biogas waste biochar.
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Figure 1 Contents of available lead and cadmium in soils
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BB5e A= e (80~120 H ) AEAE T AW I IKFFTE AN
B KR IR ASCRI P ) A ) R A BRI S0 AR SR AN
S b bR Cd B a B AR B 4300 R 41.9%~79.0%
49.6%~64.6% T 48.4%~94.1% , F v it i A= Py R < =)
FE) AR W e I 22 SR S Cd % A (0.09+0.01)
mg- kg, O AL T GB 2762—2017 #4& (4 M 32 55 32 Cd
PR FRIE . /N A2 1 0 U m ) Ak 3L X6F 5200 R
A2 S b Cd BoAy — & i3 THVE AT, L IR T g
R 1R/NEFRE AP A B 1) Cd B i S A
PRALPE A ¢ o GEit b al AR, it in ikt A= 4 %
(80~120 H ) ALA:FELEW i IKARTCLE W o B A= Ik
SR B AT IR BRI (P<0.05) 30 AESE I
A SEHE 3 Cd &5 i, HRRARASCR A P <RI ™
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Chinese flowering cabbage

OxFEE CK [ 30~60 HHRFEAE 97 Coconut shell biochar of 30~60 mesh
80~120 HHB5E A4 % Coconut shell biochar of 80~120 mesh B #4554 )¢ Peanut shell biochar

W

Chinese lettuce

60~80 HHl5¢ =17k Coconut shell biochar of 60~80 mesh

[0 /NFEFEFFA: W) 5¢ Wheat straw biochar

H KRG W) 5 Rice husk biochar 1 A=K R4 4= ) i Biogas waste biochar
2 B EEHPhAICIHEE

Figure 2 Contents of lead and cadmium in shoots of vegetables

YW i 80~120 H BB 5e A= W e >4 A= 52 A W e LK
FESCAEY I o BRI, 3 4 A W e 35 % R - 38 v
TR AR S SO 22 30 T 4 i O i R A I AR AL
T A YR ASEN ) S 80~120 FAIBSE LR e A T ik
iR 4R BRI AR e TN REFE A W 0
FAEMT Cdim g HIERE R . 24 RS TIRARL
25 Ph R Cd 75 2t (45 M A8 Ab 25 SR — 30, U AR P %
SEMERES LA ESE SR
AW BT K L SR TR R Rk P Ak 2 M I, L
S S A A T A R R TTE S SR,
MY TESEE P RIES, X HEmES R
A=A ROk AR R 4 A 1 2 P A R AR D PR e
AR, AAEI 2A S 2B S5 5 AT, U AN [k A2 1
FEAEYI BAE IR A SN AZ St R Ph % it 43
1 (2.61+0.10)~(4.11+0.38) mg-kg ™ (30~60 H 7%
W5 ) (1.34+0.01)~(3.06+0.05) mg-kg™' (60~80 F
M5 A= 52 ) | (0.70+0.05) ~(1.60+0.03) mg- kg™ (80~
120 BB AW %) , 1 H_E 3B Cd 75 4351 A (1.26+
0.01)~(2.70£0.19) mg- kg (30~60 H Hp5E L% ) |
(1.00+0.01)~(2.31+0.35) mg-kg ' (60~80 F H5¢ 4= 4

#).(0.61+0.07)~(1.43+0.14) mg-kg ™' (80~120 H 7%
AEWIIR) o AR N A A P BRI N X
3 Cd B BRI B 3 o RS /N AR A e X i
KEEER ISR T RAR K Y 7
23 AEHHEYRTHEZRERKOTME

A=W I ELAT R A B 2 e JORD % 43 R s A
FH A 3805 T DL SR S E Y R A 0, R
XoF B S 0 30 7= s5CR 5 A W i ) b R R R K VR
A A H A R SEA OCPT, U INAS 6] A 4 e b PR
fA) 3 4 6% 28 A W 6 TR L 2, A3 O it A W i 1)
Xof BEAL PR ST A5 T2 R T A A U Y R T SR Y
HLA M AR VR DR 3 Rl S 0 - i 2 411K
M TR RIVEY) A A K - R 25 1 I B IR L R
SRAFAE 22 520 A TR)VE 0% gy %) mi o AS T) , PR 0
AHIFFE HR R R A R R S0 A 3 R 22 28 3 Fhigi S
M AR AR KBOR A 58 2 — 3. B 72 4E W) ke (80~120
H) AEEFe A oINZ RERT AW KRG 5 A= ok
B AR SR ) ) e B AN I B3I X6F 30 (A SR
F R A K EA B3 (P<0.05) BAEBEVE R , 677 g i
I3 B N 97.6%~183.9% . 46.0%~104.6% K 289.5%~
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R2 BRSEEWME(BH, g pot’")
Table 2 Biomass of vegetables(Fresh weigh, g+ pot™)

b3 BN A3 eSS
Treatments Chinese flowering cabbage Lettuce Chinese lettuce
CK 19.31+5.68d 34.93+6.85¢  12.91£1.36e
T1 31.46+5.79¢ 35.67+7.90c  13.28+1.02de
T2 34.36+4.34¢ 41.06+2.73¢  21.52+2.32d
T3 45.88+6.27ab 63.40+5.81ab  56.32+7.96b
T4 54.83+10.40a 71.48+0.59a  62.95+2.54a
TS5 49.54+6.21a 51.00+12.23bc  50.28+2.79¢
T6 51.64+6.66a 58.27+8.73ab  60.76+6.29a
T7 37.98+6.33bc 70.40+6.14a  56.52+1.22b

1:: CK.\T1.T2.T3.T4 . T5.T6 . T7 43 5| A JC A ¥ 4 . 30~60 H #E5E
A 60~80 H B 5E 2L ) ¢ . 80~120 F AR FE A M e AL 7S A
W SINZEREFEA W ¢ SKAGSCA M 1 B R IR SR T A= e . 3R 4 TR

Note: CK.T1,T2.T3.T4.T5.T6 and T7 respectively are treatments
of not added biochar, coconut shell biochar of 30~60 mesh, coconut shell
biochar of 60~80 mesh, coconut shell biochar of 80~120 mesh, peanut
shell biochar, wheat straw biochar, rice shell biochar and biogas waste
biochar. The same as table 4.

387.6% . > I 3G 7= 0 S A 5T AR W % (80~120
H) AEAEF =Y e INEREFEEY e OKRESE A
BSHPIIRA RN T W EE W e, AR SR EE PR RO S e A
SAEW B AR AR T R W e > TR e A 1 ik (80~
120 H) JKFESEA W e >/ N2 RS FF A ¢, T 22 2 1
Bl = UR A Fe AR Y ke KRR SE R > HE IR,
RI= WA e A5 ik (80~120 H ) >/NZEFEFFAE
Yimc o AWt 3 TGS 7800 B 4 B AL 5|
s (1) el - e fb a3 38 fh~A 16 vk 3k
TR, A2 i 3 v 8 2 0 I 1 e A R e Ak 3 rp ) 45
Pl AL 2E RO 5 (2) 5038 - S B |, LR A 0%
Fe P R0 5K AR IHEYIR R A K5 (3)
T IERR A BT B R, 2351 SRR MR VR S
YRR, 8 AR AR A A IR 5 (4) SEAEVEY T s 22
B RS FE YR, W C N P K (Ca be Mg 25 [AIL, H
SeAEYIIR AEAETEAEY IR ONEREFE A R KRR AE
W e A= AR SR 7 0 A 0 e kT R M R 4 S T
R S A KA R R VR T AE AR e A ke
5 KRR T Y S i AR A KSR f AR W R A= )
Bico WLAN  RiAR /NI AR W) et R SR AR AR AR AT
BRI A%
2.4 AEEHMEY R L IEEARBLEROZMN
2.4.1 13 pH ALK K CEC /K

&AL B SRR -3 pH UL R 3A, B e T
P AT AR ) e A BRSO A SR 2 SRk I
3 pH 43 51 4 5.94.5.04 F1 4.54 , T i Jin B 5¢ A= 4 o

(80~120 H) AeA 7Y e N FERT AW I KA
S FHE R RN 7 1 ) e b B Y S0 R
J7 A3 pH 43 B2 TF 0.18.,0.42.,0.24.0.19 ., 1.46 P
O, R FE A 7 A= 1 e 5 HE R AR e P A ) e A PR
Xf 58 pH HAT 0 2 PR T AOR s AR SEOIR S 38 pH 43
3 F T 0.49.0.76.0.35.0.18 .2.34 S EAfT B T K FG
SELEWIIRAN  FLA AR AE ) ekt - pH Y LA B
PETHRCR I & SR WOER JE 4 58 pH 43 i B T 1,02,
1.02.0.40.,0.49 .2.22 4~ 5457, 5 Fh A= 4 e % + 35 pH 34
HA B ERTEOR . Rtk 30~60 H % 60~80 H il
STEP BT T3 pH AR THEFIA B2 . 106 F B A
+ 3 pH o 4.73, R, IR T RE R A P N
B, PRI, 38 A 4 e Xk 1438 pHL P AR E B W, AR
YIRS B 54 1 Ca™ K* Mg 25 R L3 7 WA 1
RIEAN TR SRR R B, 5 - R A B
HTAPAE 0, DT FEAI HRT AL 7E - 498 rh g v B, 300
A2 W e o A+ 35 pH HE T e % v - SRR AL 1 B R S
M LIRS ] 3A 25 AR, AR IR R Y
DG 7 A W) 1 5% A SR T A A A A g
B

A AR A MU — R R, b+
HEA LT 60%~80% , Hofifh o S e T S5 4H BE e 114
REJT & DS A B AR AR O, DRI 4 3 B
YER P LR ) K1 — I A HR™ . K 3B &%
B R WOGRET A MLk & e 45 2 BoR A ImA Y %
SR FR S AR SR 22 SEWSOIR f5 - A LA % 1
WM 1.68% . 1.57% F1 1.53% 55 =9 7% (30~60 H )
BB7e P % (60~80 H ) (AB5T A= ik (80~120 H ) (AL
Hse A e INEFERT A e KRGS Wk B A=)
BRACEN 7= 9 W e A it Jin 24 ] 2 T - R L
B B, B 43 ) M 10.8%~98.3% . 23.4%~115.0% £l
14.9%~103.8%, T H. 1= A7 Lok & 1t bifi 45 A= ) e Ao
BRANIBEART T 5 o A & o fae FME LB s
A=Wy f B LB , T DAAE 338 p KA RS S AR A L X
SR it PR 5 - A HLRR & S B R A

KI3CEE R BN, H TAY AL CECK A
— B, AR R Bk AR A e b - CEC & H oA
AR5 . 80~120 HABSE AW i ALAETCAED Ik
IKFETC AW o S A= R SR P ) HE ) e 380 S
Fh 2 SO E T8 CEC &8 1 B B 1R T3
R, 30~60 H AR5 A M5 .60~80 HABSE A=W 5 Mo /N
FEFFHE Y et 13 CEC & A $ETH R (R A 5
F| i KT
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Chinese flowering cabbage

OxtidcK [ 30~60 H 584 7% Coconut shell biochar of 30~60 mesh

Lettuce Chinese lettuce

60~80 HH5%4E ¥ 7% Coconut shell biochar of 60~80 mesh

80~120 HABFELE M Sk Coconut shell biochar of 80~120 mesh B f£/4: 5724 #) ji¢ Peanut shell biochar [ /N FEFFA: 4 5¢ Wheat straw biochar

H /K FFFEE Y% Rice husk biochar

B A= IR ) A ) i Biogas waste biochar
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Figure 3 Soil pH, soil organic carbon content and cation exchange capacity

TP RCEE SR R SN E R i R
i S i AR KR A A AR AT R R T R B L
HAEYE B R A BT SEE o h3R 3 A S A M4 2R Al
SR A3 M 2228 Ph  Cd 7 A B HL R R 9 1] 1)
TIEA RS P Cd S 5 pH SRR B TR SR O%
Z, 51 CECHRERFH UMLK R . 0 Pb.Cd
i SRR 18] ) A S P Cd 5 i 5
AU LR DU G AR (HAR SN S S5 A1 G i 2
SR ZE 3 Ph | Cd 58 K LR 30 18] fr) 3 A 2008
Ph . Cd 7 515 A HLAK 5 1 48 0 3 sl e 2 A
KK F o WL, Bt F 6 A9 5 pH A BILRK 35 1
CEC /K-y, 43 o n] F1 125 Ph A Cd 75 R AR
Bi KXt Ph A1 Cd By I i RBURDEOD o DL S5 R
A=W 1) pH A LK &5 i & CEC /K-35 2y FERR IR
PE T 42 JE V5 Y 38 Ph AT Cd A A0k i R BRI

A0 pH W 5Tk R K F CEC A HL . +3% pH
AL BE M LA LA Jy 1 5 i 2 4 i A ek« (1) (i -3
WA Zeta FELAE [1) 75 0l 57 % , (1 32 - 98 3R 1T G A4k e
A T HEL g g B, A T 0 4 T 0 e I R
HOOU (2) R E L A B RIS ML, AR T B
A4 I8 B 1, T - S o A7 1 55 A g SR
) B HEBER P OH W E  HE TESE TS
OH 454 A BUMETR I UTIE™ A= e 3 in i) 3G AL
fie AT LA 3 3 R AR R A 1 AU B AT G - 1 R
A W2 A7 et AT 5 2 960 2 T 4 i 3 ok 2 1T 45 5 L
BRI, TlESE, 28 3 4 SRt R, S0 S R Y
A K5 8 pH A HLIR 7 i K CEC /K- R B 8 3%
() IE A 5656 2, 1 BH A 0 0 3 2o %o+ 498 pHL A MILA &5
M CEC K- 3 T, el Ar + 3 i Wy Bk 24 M o, 3
= Ty WA SRV ERI AR
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R3 BXEYE POMCIEERTIEGRASPOMCIEE S TIE pH BHRESER CEC B XM

Table 3 Correlation of vegetable biomass, vegetable lead and cadmium content and soil available lead and cadmium content with soil pH ,

organic carbon content and cation exchange capacity

K 22K Correlation coefficient(n=32)

UH B THHMGSPh R RIS CA At I P it B Cd o B LN
ltems Vegetables Available Available Pb content in Cd content Biomass of

Pb content in soil Cd content in soil vegetables in vegetables vegetables

-4 pH il -0.746 69%* -0.738 7%+ -0.373 23% -0.689 78%+ 0.155 37

Soil pH 3 -0.863 60%* -0.886 30%+ -0.698 11%+ -0.552 23%+ 0.649 63%*
=23 -0.829 477 -0.897 71%* -0.695 28 -0.807 71%* 0.652 78

A Bk Sl -0.256 01 -0.23275 —0.711 80%* -0.338 87 0.658 077
Soil organic carbon 3 -0.430 18* -0.363 16* ~0.651 25%* ~0.563 69%* 0.660 20%*
e -0.514 95+ -0.565 36%* -0.739 26%* -0.406 67+ 0.866 34%*

J4E CEC b -0.385 43* -0.332 56% -0.623 45%+ -0.334 57* 0.611 02#*
Soil CEC e 3 -0.309 42* ~0.371 91% ~0.31247* -0.301 24* 0.438 81+
3 -0.321 46* -0.362 15% -0.360 14* -0.301 49% 0.503 77%*

T R IR TE 0.05.0.01 K F- B OO A 5. ME £ %70.8~1.0.0.6~0.8.0.4~0.6 .0.2~0.4 ,0~0.2 43 S /R M SRAH G SRAH G | P 4575

JEEARDG SRR RS AR DB TEAR G s S (i om TR G . R 5Tl

Note: * and ** mean significant correlation at 0.05 and 0.01 levels(bilateral ). Correlation coefficients of 0.8~1.0,0.6~0.8,0.4~0.6,0.2~0.4 and 0~0.2

respectively indicate strong correlation, strong correlation, moderate correlation, weak correlation, extremely weak correlation or no correlation. Negative

values indicate negative correlation. The same as table 5.

2.4.2 THEE RO HSE B A

- A A A R R R L 4, I
FoEr AR R SR AR KR BRI PR
Py et B S RUE W AR G . R e TT
15,380 AR SO 22 SEWOIR e A v i A e = Y
YR ANt i A= 0 o %) %o R A B, L YR Ayt i 30~60
H F1160~80 H 5 A= ¥y hic AbBRA , X% BE AT 30~60
60~80 H Ab 3 11 5% 52 A Py it ¥ B LAt A BRATR , Lk Ak
WEMEICED, B H PR A SRR E ST
HoAl AR BRLE . 5Tk (80~120 H ) (AEE TS
Bie SN FERF A o KooK R ¢ A W) o Ao B[] - S8 el e
RO RZERAK, AEWBRSE Y E ) e A3 ) 1
et ) S A T A AN PRAL . SE0 A R h
SR I - HE v A ARl O R 0 A B A it
80~120 H b7 A= 4 e Ab FRAH , Hyk At i 60~80 H Al
SELEW HALBRA , HoAb AL P 2H 22 T /N HLEA W iy
FAYE . 3 FP B SRR IS 1) - A S = Y
B Rt /N FE FERT AR P b B2, 3X 5 REFFAE P e A
Bl mm s Ea (R D, AR KR
A= e A= IR SR T O AR ) e R AN I s T
SRR S 1, DI T A SO I ARG T AN [
AR B 5T A= ) o WK - HE SO B S AN . 4k
SEAMEA S, T g AR TR B AR R
WA, AW e R ARt i/ N2 RS AT A e LA S M 3L
by 45 4 3 - 3 A SO B 2 R 4 FH BN, A B TR

(R 22 SRR /N 5 Ak SRR I 22 225, ASHtE N A= 0
30~60.60~80 H HF5¢ A 1) e b 3 1Y) - 3353 S5CBR S i
i 2 T 80~120 H RS A Wy o ALLE STAE W e K
Fei e 25 W i I A RS 7 ) A ) e A BRI
A BE & A it 0 AR 1 75 R 30~60 . 60~80 H AR5 AR 1 %
Ab B i 27 28 A e AR T At 2 Bl SR Rk
e E BB R AR T AL, T AR Z T R B 7
+HE,

FH 2% 5 A CME A gl S AT, 20 B SR R 22
3 Ph R Cd 5 2 K HORORA 3 [0 1) - 645 3508 Pb 1 Cd
P R AT R B B AR R
A3 R A e A W S A A A B
PR R . IAh, 3G S E Wit \Ph Al Cd & i X+
HEAT S Ph R Cd 75 5 - 3964 250l S R
(AR A E B A G — BRI , AN [R]85 ) A O 2R B 22 5+
PEAS K . MM, - e s ek 0 i 5 1
Berhmd i A A i R A DG . B, - AU
22 8 2o 5 ) - S R R (A i R AR
JCR WA B B A A KA L
2.5 EYMRMNBUHESET T IEN R WS

R TR A A6 A V5 T AN [ 428 ) A 9 9 %o TR 1V o 4
J& 15 Y R FRAL M STk R T A A D i S
(R A AR R RN — |, FLAVE AR 24 1 ) ) e A
—EM e S T 4 U A 9 e A B (T) F0BR X
b B (CK) Tt i A= 9 1< Ab BRRTH 22— 4F DL s e AR
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VRIEIN iy F3965 108

PRI PR PR T 5 2% Pb A Cd T e S 3% Ph A1 Cd
BEALROR | 38 3 (TP B {E - CK V- {8 /CK F- ¥ {E x
100% 15 . E 4A 855 B, AW i Ab BT [ AIGh 22
SR A 18] 4 3 v AT RS € Ph 5, X Cd BRI 4
WK 93%. 16.4% . 31.7% . 30.8% . 8.0%. 25.5% M
49.1%, %f Pb [ W& 2 5 K 8.2%. 11.6% . 27.1%.
17.5% . 0.8% .15.7% } 33.3%. =¥ pxt + 3 Cd.
Pb Bl 23 A2 B 32 1Y Cd  Ph Wi . 1414B
SRR BR T /NEREFAE W o b BRSNS , FLAh A= ) A
Ab FHLEA AT ARG i 22 SR Cd g BRI iR AR 4 1)
H14.9% .34.3% .59.6% . 53.1% . 48.4% N 93.8%. 't
Py ¢ A1 3L ) i, T 28 AR 9 22 32 %5 Ph iy SR AR WA A
R W 23 B R 4.8% . 60.0% . 75.7% . 53.6% . 52.4% .
64.6% 1% 90.9% . MK 4C A HI1,30~60 HHF5E 49 5% |

60~80 H HF5E 4= 1 5¢ . 80~120 H BRFE 4= ¥ 5é AL A= 5%
A=W e N FERT AW e KRG 7 HE W e B AR IR
BRI ) A2 ) e R 5 — RE B SR 3G 7 230 1 R 2.9%
66.7% . 336.3% . 387.6% . 289.5% . 370.6% &% 337.8%.
Horr,80~120 H#F5E AELEFE K FE7E S A DR <Rl
7 AT A ) e AR T 22 SRS, 6 AT R4S Cd
FIPb S 3% Cd Fl Ph % 5475 48 AT 3 B S A R IR
I, 23 S FRARG 4 338 502 Cd A Ph & i 25.5%~49.1%
J 15.7%~33.3%, K& AR i 5% Cd F1 Pb 7 £ 48.4%~
93.8% M 52.4%~90.9%, [F) B+ B I $& Ft &% =% A ) it
289.5%~370.6%. 5 bk kids i/ MR 80~120 H AR
setE W A se A e KRG TSR W B AR R
TR A ) R TR 4 s e LA B B B
ROR S AFELALON

o
=

R

R4 TEEBR BB ELELHESE (ng-kg')

Table 4 Soil alkaline hydrolysis nitrogen , available phosphorus, available potassium contents(mg-kg™)

llf# 4L Alkaline hydrolysis N A5 %% Available P HLH Available K
BTN Sehy o <t BTN BTN
'I‘reﬁriqin[s C;itnesc 3 éﬁiﬁ C;;nesc 3 HilE = C;:nesc M3 Mg
flowering Lettuce lethuce flowering Lettuce  Chinese lettuce  flowering Lettuce Chinese lettuce
cabbage cabbage cabbage

CK 398.3+29.2a 282.5+20.7a 194.0+23.2a  143.7+6.9¢  123.5£3.9d 165.0£3.8b  266.3£26.9c 191.3+43.2bc  199.3+6.8bc
T1 302.2+17.0b  207.1x11.9b 182.2+16.3a  136.2+3.2¢  128.0+3.0cd 169.5+5.8b  224.8+23.8cd 216.0+33.9bc  244.5+51.7b
T2 298.6x17.1bc 206.3+20.7b 175.7+23.4a  156.3+5.2b  133.2+0.8bc 168.2+1.4b  189.0+46.3d 220.3+76.2bc  245.1+82.8b
T3 213.9+22.5de 147.8+5.8de 127.8+11.2b  180.6+7.7a  171.8+3.6a 201.3+3.2a  270.5x45.5¢ 123.3£34.3c  81.5+20.4cd
T4 235.4+36.4cd 139.8+7.3de  121.0+2.8b  134.3+1.9¢  126.3+5.7d  155.7+1.7¢  383.3£57.3bc 274.3£74.5b  69.0+15.6d
T5 222.3+20.4de 151.8+1.7cd 134.7+14.8b  115.9+9.9d  113.1x1.8¢  149.6+3.2d 1462.5+134.8a 1600+191.1a 1213.5+182.2a
T6 190.2+25.8ef 161.4+15.6c 130.5+27.9b  138.4+52¢  122.9+2.4d 154.5+1.6cd 342.3+50.5bc 287.0+56.2b  112.4+39.1cd
T7 162.1+11.4f  129.2+5.6e  87.9+17.4c  113.0£3.8d 123.6x1.6d 156.7x1.2¢  475.0+25.1b 240.0+29.2bc  81.7+14.1cd

RSBEEYWE POANMCISERTEBNSPHACISES T ERMBR AU R ENHESEREREST

Table 5 Correlation of vegetable biomass, vegetable lead and cadmium content and soil available lead and cadmium content with soil

alkaline hydrolysis N, available P, available K contents

HH5¢ 2% Correlation coefficient(n=32)

H BOR RSP G MRS CA T P Ak B3 Cd ot o
Items Vegetables Available Available Ph content in Cdeontent rjiiﬁiﬂfables
Pb content in soil Cd content in soil vegetables in vegetables
BB 27 Fi 0.580 747 0.684 207 0.878 877 0.688 527 ~0.700 94+
Soil alkaline hydrolysis N 1. g 0.619 76+ 0.621 415 0.711 78%* 0.687 877+ ~0.732 75%*
tlliE=E 0.631 62+ 0.725 547 0.622 527 0.568 177 -0.621 28#*
A EN 0.091 10 0.106 01 0.01577 0.006 75 -0.078 44
Soil available P 3 ~0.453 447+ -0.348 53 -0.580 58+ -0.527 25+ 0.209 49
MR -0.326 41 -0.086 00 -0.050 31 -0.177 65 -0.118 43
MR B Hal» 0.189 26 0.216 94 -0.19291 0.23325 0.281 90
Soil available K 3 0.386 30* 0.358 26* 0.165 85 0.405 19% -0.05171
i 0.594 507+ 0.480 57 0.094 06 0.656 75%* -0.028 41




BT 45 W R R R R TR R 2215

3 #ie

(D ABLETE IKFESE INEZREFE R S AE DI RE S
A=W W Y] SR T e R S AR T - pH L 3
MB35 i & CEC /K-

(2)80~120 HAEBFE LA 7 K FET AR
R4 9 ¢ mT 3 2 A - 6 R0 Ph A Cd i S
Hi B3 Ph AT Cd 5 i, I B A HE g SR A A, IO
4R 15 Y 35 HA B B 8 ROR KRR EER00

TIT2T3T4T5T6T7  T1T2T3T4TS5Té T7

< MO
kol '
ZTES ot :
87 :
’F&(;;; :
.5 2 20t -
{T‘Dog
B &%z '
=55 30 A :
Wt : L
=2 O Cd : Ph
S EE 40| :
\@ﬁg '
%5 .
o 1
HE 5ol A L
251 B :
TS :
wy I '
¥ o T1 T2 T3 T4[]T6 T7 : T1 T2 T3 T4 T5 T6 T7
RE 0 g -
SR | .
N2 :
=2 os) :
i g° :
4 £ :
mﬂ-%é =50 :
B :
=g | ;
WES TS :
= cd L Ph L]
-100t :
3801 C — _
3 I I
K5 285f —
I £
=3
B2 o0t
M‘B}HHS
S =
§ EX3
Ry
0

T1 T2 T3 T4 TS T6 T7

T1.T2.T3.T4.T5.T6 17 4314 30~60 FARFEA ¥4 .60~80 FAREA:
Yii¢ 80~120 HEBFCEY) e LA ST INERSFFHEYI e IKFF5T
A 5 A RSB P R O
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rice shell biochar and biogas waste biochar
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Figure 4 Effect of biochars on yield increase of vegetables and

soil lead and cadmium passivation
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