BN R 5T 2008,26(2) : 170 ~174
Journal of Wuhan Botanical Research

AREHEEIEIT CA.PbF Zn SETIERFESREESH
EHY AR
BV, R, F 1

(1. ZHARLRFRBE L2, BE 650201; 2. AT A RBBeR BER SRR, BRET  650205)

# E. EAERRR R ER SMEE R b A RMEREEY L P ARESR ST RREREXT
ERmEmn, SREW.MAAKL) AKMEREXE(LP,) ARNEEEIR(LP,))E, L HPRMIELSEE Cd.Pb
M Zn SRVSHEE, TP SELYEEBNENWEES Cd.Pb 1 Zn TR BIEHN ;XK EBF W Pb.Cd
Zn WRBIBFHMEER. BRAKCE, AKERNS g-kg™' LB, XK ARKY Pb.Cd 1 Zn IMBIRR BT
FIRFCHAEZAE T, P A K S g-kg ™ HAUMINE3E 7.5 g-kg ™' LRARAIKS g-kg ™ LFACHIIESE 1S g-kg™' £XRAR
Bl Pb.Cd 0 Zn RIMGIRLR BT . BroTFn R, KBRS FERN A K ABURIE TR BIEEEE A KRR
XKW AK; B, SR 8 8
hEFE S X53 XRRARINES: A XEHE: 1000-470X(2008)02-0170-05

Effects of Lime with Pig Manure on Fractions of Cd,
Pb and Zn in Soil and Phytoavailability

DU Cai-Yan'?, ZU Yan-Qun '*, LI Yuan'

ces and Envir t, Y Agricultural University, Kunming 650201, China; 2. Institute of Agricultural Resources
and Environment, Yunnan Academy of Agricultural Sciences, Kunming 650205, China)

(1. College of R

Abstract: A pot experiment was carried out to investigate the effects of lime with pig manure on the soil
Pb,Cd and Zn fractions and plant uptake of these metal elements in the Chinese cabbage. The heavy me-
tal fractions in soil were analyzed by using Tessier method. The results showed that with the treatments of
lime(L) , lime + lower pig manure ( LP, ), lime + higher pig manure (LP, ), contents of exchangeable
bound to carbonate cadmium,lead and zinc in the soil decreased ;contents of Fe-Mn oxide combined and
organic matter combined cadmium, lead and zinc in the soil increased. At the same time, contents of
cadmium, lead and zinc in the shoot of Chinese cabbage significantly decreased on the treatments of lime,
the obvious treatment which inhibited absorption of Pb,Cd and Zn by plant,is the treatment with 5 g lime
for 1 kg soil. In the treatments of lime with pig manure, both of the treatment with 5 g lime and 7.5 g pig
manure ,and 5 g lime and 15 g pig manure were better than other treatments for 1 kg soil. The results also
showed that the effect of lime with lower pig manure is better than the lime with higher pig manure.
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ZEEH TSR BN RMEIT R, UEEK
RITT R I SR SRR B0, & NTE R T KRB H RS
I, BT 8 AR R R AT
FF X —BR, BATHTF T 78 Cd \Pb . Zn {554 1 3%
£ T AR ZERCHE , %t Cd \Pb #1 Zn ££ 138
MAF LS R RRME W, EEN-HE
ERITRABE TR IFE A FR AN REE . A&
AR AT R BRI RLE BF &
HRERYE, R B EERTHTEAOL,
Brit DR ;2 B R 7k, BT A Suhis
HERIGHR I, XAFEATRLE™ . BR .4
FREEARKRBERASEEERITRDIRBEES
AREPRITZ—

1 #R5RE*E
1.1 s

X R B A SR EEEETT TR
5 50 m YA, BT 00 R b 20 8, B AH AL
PR pH 5.6, HFHLBE 5.19% , CEC (LA C i)
6.68 mol-kg™', £ % 0.51 g-kg™', 44 0.861 g-
kg™ 4 0.0631 g-kg™',Cd 37.37 mg-kg™',Pb
1330 mg-kg ™' ,Zn 2992. 94 mg-kg ', X G K H Cd
130. 40 mg-kg ™' ,Pb 13.65 mg-kg™',Zn 34.99 mg-
kg ™' ,3EFH Cd 0. 139 mg-kg™' ,Pb 16. 55 mg-kg ™',
Zn34.9 mg-kg™', A B A4, 43K 449 Cd. Pb,
Zn R E TSI E R R iE(GB15168 -
1995) BR1E (4 cd 0.3 mg-kg ™' ,4 Pb 24 250 mg-
kg™', 4> Zn 25 200 mg-kg™') o BTN BB
EaisgtiE,

PERAVEYI K 13 ( Brassica pekinensis) 4 % B fé
‘HH8 -1 AFHH0 A, LUERAK T AE
ZERVKEHYEFRRBEN LT,

ARERA2 HE 4K, 13 408,33 KE
5 VX 4L HER , 35 39 2. BRI IR
1,

R 15 cm x 30 cm 3L, WAL S ke ¥
FXT B4, 2 mm SRR ARG,
W 8 243 (FEhlg) o 2 mm 5 RACCERIREK 3 8,
WAL 2 g, BB 1.5 g ¥ TR B R AR JRIEFR
i REHA AR AT, oK 2 HER K EA
A8, 5535 1 AT 2004 £ 11 A 16 HEHE 20 d #ikd
AR, SABR4~5S k1 MAGEE, B4
B3k, HAEE, 3MAKQ2 A 16 Bk
e A FAERSY  BURE (e St B EE R, F .
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Table 1 Designing plan and codes of pot experiments

it = D (e M

g g kg |%

Treatments Lime  Pig manure Soil pH
*1 88 CK (CK) 0 0 5.6
—— L, 1.0 0 6.1
Lime L, 3.0 0 6.6
L, 4.0 0 7.0
L, 5.0 0 7.6
EK+ERESE  LP 1.0 7.5 6.1
Lime + lower pig L,P, 3.0 7.5 6.6

manure

L,P, 4.0 7.5 7.0
L.P, 5.0 7.5 7.6
ER+mEEE LP: 1.0 15 6.1
Lime + higher L,P, 3.0 15 6.6
Pig mantre L,P, 4.0 15 7.0
L,P, 5.0 15 7.6

. AKBA BRI Ca(OH), = [1/2(XHMM x0.074 x +
Bii) /667 m* 1/50, Hr:0. 074 33 Ca(OH), mol-L~!  Zfit
RN 69.35 5 .

Notes: The amount of lime employs according to the follow formulas;
Ca(OH), = [ 1/2 (exchanged acid x 0. 074 x soil quality )/
667 m? ]/50 , meanwhile,0. 074 is Ca( OH), mol-L~!,the ex-
changed acid of the tested soil is 69.35 g .

1.2 WEFHZE

(1) 48 pH{H . HIBHEVUE S B R LR 8.
0 a B O E B R AL B LA R

(2) L EPESELBSTRARER- SR
W, R FREOLE T RE

Q)RS EEART)PESRSEN
T IRAC-BUYL SRR, [RF R Y E B THIE

(4) 3 Cd.Pb.Zn KB 4B R A Tessi-
el SRR B A RB N E HIEE S EHRMRES
B BREADESSSHHEIDEET.
1.3 HiRaE

BAEALER ) DPS i, £ EE 7 B EHS
KRB EMHEY: (Duncan 3) FELBKKER T
M (n=3,p<0.058p<0.01),

2 &R

2.1 AKEREEENTRPHRBBLESTS Pb.Cd
1 Zn & REIRM

WA T 138 pH {E, BT 156K
FREVEE B Pb Cd Ml Zn B & B, 5 A0 28 5 %t FEAH
W, ZRERAB B EKE, K ARKARS g - kg™’
LA, BERBCRE A B E (R 2).

B FHAIRECIEREFET.S5 ¢ - kg™ LALEAR
BERKT LEFHRMESESS Pb.Cd M Zn
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RN HEYETR

$26 %

&, IF B YRS A K 2 R B i e,
R BERWEENAEKS g-kg™' L BIHIHE 2
7.5 g-kg™' +,{# 13 rh Pb [EiE % 38.27% ,Cd [E
Wi 24. 34% , Zn [EIE X 29. 06% (£ 2) ,

ARAF BRI 15 g-kg™ LA BBLE
EREMT LEPHRRESLEES Pb.Cd MZn T8,
HPRHLUAKS g-kg™' LEMER 15 g-kg™' +
(pH 7.6) MPEMRBR R RS (£ 2) .

2.2 A/RBEHERLEX T8 Fe Mn S5

&%

+1% Fe Mn EALWEEE 4 Pb.Cd F1 Zn & B,
BHIKS g-kg™ L AF (pHT. 6) B, 38 s R 5k
BE, +ifEd Fe Mn HALPE A Pb.Cd Ml Zn &
BB X BRI hn T 26.5% .102.31% #1 11. 42% ,

S ARMIERE 7. 5g-kg ™ L 403, + 4
H Fe Mn EALY4EE 2 Pb.Cd S ERRABI(L,P)
FoXT BEA FrREARSL , AR FRAR B hn T i
Fe . Mn WSS Pb.Cd & &,Pb I Igx
9.95% ~13.97% ,Cd ByIEX 10. 25% ~56.64% ,

Pb.Cd # Zn & REIR M MR, L Fe Mn EAMIE S In SRHBHE
MERIWMER, ARAKERAEBREEENT  BERGKR3),
R2 BRNBENTRKRBREBLE S Pb.Cd 1 Zn FRHEW
Table 2  Effect of lime and pig manure on contents of exchangeable bound to carbonate Pb,Cd and Zn in soil (mgkg™")
Pb Cd Zn
hby FHE ke CK 4bx FHE . CK 4be P t CK
Treatments Average % Treatments Average o Treatments Average %o
CK 181.41aA - CK 11.30aA - CK 1250.03aA -
L, 169. 34bB -6.65 L, 10. 68abA -5.49 L; 1133.36bB -9.33
L, 146.77¢C -19.09 L, 9.83bAB -13.01 L, 1057.52¢BC -15.40
L, 119.01dD -34.40 L, 8.71¢BC -22.92 L, 988.91dCD -20.89
L, 104. 16eE ~42.58 L, 7.94cC -29.73 L, 945.54dD -24.36
CK 181.41aA - CK 11.30aA - CK 1250. 03aA -
L, P, 138.98bB ~23.39 L,P, 8.95bB -20.80 L, P, 978.22bB -21.74
L,P, 135.68cB ~25.21 L, P, 8.80bB -22.12 L,P, 965.83bB -22.74
L,P, 118.00dC ~34.95 L;P, 8.59bB -23.98 L, P, 955.67bB -23.55
LP, 111.99eD ~38.27 L,P, 8.55bB -24.34 L P, 886.80cC -29.06
CK 181.41aA - CK 11.30aA - CK 1250. 03aA -
L,P, 149.67bB ~17.50 L, P, 9.98bAB -11.68 L,P, 1019. 04bB -18.48
L, P, 147.43bB ~18.73 L,P, 9.75bcB -13.72 L,P, 974.05¢BC -22.08
L;P, 131.12¢C ~27.72 L,P, 8.82cdB -21.95 L;P, 964.30¢BC -22.86
L,P, 129.31¢C ~28.72 L,P, 8.71dB -22.92 L,P, 945.69cC -24.35

A P RRRNE TR FIRREFE 5% M 1% BEKF, TR,

Notes ; Different capital and small letters in each column mean significant at 5% and 1% level , respectively ,and the same symbol is used for

other tables.

F3 BERMBEX LW Fe Mn ELWEEE Pb.Cd 7 Zn S REIXW
Table 3 Effects of lime and pig manure on contents of Fe,Mn oxide combined- Pb,Cd and Zn in soil

(mg-kg™)
Pb Cd Zn
45 FHE b, CK 438 P b, CK 45 i b, CK
Treatments Average % Treatments Average % Treatments Average %
L, 980. 50aA 26.50 L, 7.88aA 102.31 L, 1759. 80aA 11.42
L, 951.39bA 22.74 Ly 7.32bB 88.04 L, 1623. 80bB 2.81
L, 845.14¢B 9.04 L, 5.35¢C 37.33 L, 1606. 95bcBC 1.74
L, 844.01cB 8.89 Ly 4.87dC 25.04 L, 1600.01¢BC 1.30
CK 775.10dC - CK 3.8%eD - CK 1579.47dC -
L P, 883.39aA 13.97 L P, 6. 10aA 56.64 CK 1579.47aA 0.00
L,P, 854.15bB 10.20 L; Py 5.02bB 28.95 L,P, 1542.32bB -2.35
L,P, 852.22bB 9.95 L,P, 4.67¢BC 19.87 4P 1493.26¢C -5.46
CK 775.10cC - L, P, 4.29dCD 10.25 L, P, 1486. 89cdCD -5.86
L,P, 739.85dD -4.55 CK 3.89eD - L,P, 1480.15dD -6.29
L,P, 857.33aA 10.61 L, P, 4.72aA 21.09 CK 1579.47aA -
L,P, 825.65bAB 6.52 L,P, 4.31bB 10.61 L,P, 1557. 09bB -1.42
L,P, 814.97bB 5.14 L,P, 4.18¢B 7.26 L;P, 1522.82¢C -3.59
CK 775.10cC - L, P, 3.97dC 1.89 L, P, 1418.54dD -10.19
L,P, 758.08¢C -2.20 CK 3.89dC - L,P, 1406. 18eD -10.97
* BT R A 2,

* What need notes refer to Table 2.
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FEARFBEAKECHERESE 15 g-ke ™ LAET,
4 Fe Mn HWZ G Pb.Cd & &K+ pH
MI R, R, LT Fe Mn EAYEES
In FEHBAHAEM, KB T EBE(ER3)

2.3 AKEEEXENLTBEPENNESES P
Zn S REIFM

NG S e ket AT 2 il et Lik Kk
ZREPPMIn WER(RL)., BEA KRN
tn,pH A&, 2EFEIDE S Pb R Zn 5 &
WM, B2 HER LB, HRAKE ¢
ke ' L) BN BI R, HUXS RS B AN T 22. 46% |
21.56% (F4)

ARARIREHSESET.S g-kg ™' L, UERAF
FKFARECHERSE 1S g-ke ™ £ 2 FiibHE BB ER
BT BRPEYEAS Pb M Zn 5B, HEHES
TXE B ARKNMERFEF(T.S g-kg™' L) 2K
BB T AKECHE = B3 (15 g-kg™ 1) MIBER
2.4 ARMEIENKARZBRE Pb.Cd 1 Zn BEH
9f 2]

R B ] L 4 )R ek B 3 BT
BEAHBRBR, A KRN, pH FHE, X
EI3¢H EF8 Pb Cd M Zn & B FFLEREAL, FEAK 05
WA BT T AR(ELS) .

FRFECHIRE (7.5 g-keg™' 1) BEFERR R FE 2
(15 g-kg ™' +) Ab38 , L B F TR T K3t L&
Pb.Cd # Zn & & , B8 BEAK & AL BER R T 5% , T
HRBREENBORA REIEIER(KRS)

#*4 AERMBEXTRDENYEST P
Zn SRH¥E

Table 4 Effects of lime and pig manure on contents of

organic matter combined Pb and Zn in soil (mg * kg™')
Pb Cd
4 FHE O HCK AW PHE KK
Treatments  Average % Treatments  Average %
L, 120. 70aA 22.46 L, 836.77aA 21.56
L, 114.26bAB  15.93 L, 806.29bA 17.14
L, 110.00bcB  11.61 L, 769.78¢B  11.83
L, 106.08cBC 7.63 L, 745.57dB 8.31
CK 98.56dC - CK 688. 34eC -
LP, 120.69aa 22.45 L,P, 855.35aA 24.26
L,P, 118.49aA 20.22 L,P, 817.52bB  18.77
L,P, 111.21bB 12.83 L,P, 797.08¢C  15.80
L, P 107.94bB 9.52 L, P, 759.26dD 10.30
CK 98.56¢C - CK 688.341eE -
L,P, 117.189aA 18.90 L,P, 776.44aA 12.80
L,P, 112.62bB 14.27 L,P, 752.17abA  9.27
L,P, 109.97bcB  11.58 L,P,  744.51bA 8.16
L,P, 109.47¢B 11.07 L,P, 738.56bA  7.30
CK 98.56dC - CK 688. 34cB -
« BT R 2,

* What need notes refer to Table 2.
3 itig
3.1 HAAKXNLEMHPARERELS CA.Pb M Zn &
REENBRE M

FEINA R BOA N AR E &8 5 5 LR
WESBOAREE. ELEPHEAAKERS L
i pH, RS E SR A BKRREL S EAY TR,

&L Cd. Zn EEEROABE, ATTHRIED
X EATEIR AL

F5 AEMEFENIXARNLE Pb.Cd F1 Zn SRAOEME

Table 5 Effects of lime and pig manure on contents of the Pb,Cd and Zn in Chinese cabbages (mg kg™")
Pb Cd Zn
R b, CK wm T b, CK am T b, CK
Treatments Average % Treatments Average % Treatments Average %
CK 12.93aA - CK 2.38aA - CK 186.54aA -
L, 11.63bAB -10.05 L, 2.17bB -8.82 L, 168. 87bB -9.47
L, 10. 33¢BC -20.11 L, 1.91cC -19.75 L, 134.77¢C -27.75
L, 9.02dC -30.24 L, 1.82dD -23.53 L, 119.55dD -35.91
L, 7.61eD -41.14 L, 1.71eE -28.15 L, 114.90dD -38.40
CK 12.93aA - CK 2.38aA - CK 186. 54aA -
LP, 9.76bB -24.52 L, P 1.98bB -16.81 L,P, 112.45bB -39.72
L,p, 9.43bB -27.07 L,P, 1.95bB -18.07 L,P, 108. 66¢BC -41.75
L,P, 7.82¢C ~39.52 L, P, 1.85¢cC -22.27 L,P, 104.98dCD -43.72
L,P, 7.03dD -45.63 L,P, 1.76dD -26.05 L,P, 101. 514D -45.58
CK 12.92aA - CK 2.38aA - CK 186. 54aA -
L, P, 9.79bB ~24.24 L,P, 2.16bB -9.24 L,P, 115.05bB -38.32
L,P, 9.64bB ~25.40 L,P, 2.06bcB -13.45 L,P, 112.42bcBC -39.73
L,P, 8.82¢C -31.75 L,P, 1.96cdBC -17.65 L,P, 110.99¢C -40.50
L,P, 7.52dD ~41.81 L,P, 1.82dC -23.53 L,P, 105.88dD -43.24
* iR RgRR 2,

* What need notes refer to Table 2.
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BWEIBRAY, BB JFRE AL Cd.Zn
i B A ARG 3% pH T T 2 T BRfa
., BEAKARKM, 9B 9§ Hg Cd.Pb
YR NT R, G KRR, 5% Hg Cd.Pb
MR, ARAEBKA, KEXS Cd.Pb.
In RS,

AL RS LA 5 R HEINA K B ERE
T TP BRMAE A A Pb M Zn S8, HE
BT LR R EE S SNENYEEE
Cd.Pb f1 Zn &8 ; KE3EH % Cd.Pb fl Zn S &
P A IR PR B 1 0 T 2 7 A, R T B A S
AR A B4R,

3.2 AREKEZENTHAAERS Pb,Cd
Zn SRR AEME R

RAEHE AR K BEREE L 3 b A 33 Cd.Pb Al
In &8, ABINHEY AN Cd Pb Ml Zn & ,HK
BHEA R, X - S B R A —E I,
IRAE KPS TR WA IR T L m
PR A B R BB MER T, A B RER . B
e A IR IO EE R - BOHERE 3%, 76 VT B3k 3 BE 40
FESBOEN RAEYRERK, VSR ERE
TR, BRI TR EENESBIS R
BRI,

TESR S5 Y 3 A B HUE AT L A 3
BIR ARV B, SERES P, KESEX
BENESEVERD, MANESSHEEVEN
0 s ELRE#E G HUAE b A B s i, 4R B LA (&
H)SHEBEBREEEMS , KRB R 53,
XEEIEAGK + %5 .O BIUR-2BEEY
IR YR pH B FHEE TS A, (YW Cd™ Pb?* |
Zn®* WREEREAR, @ Cd** Pb** Zn** TEEULY R
LHEIRRBE pH BT B W3R, pH b FHREB 4 8 3h
R E S B A N LR M, M TAHR 0% T
Cd .Pb Fl Zn [EHEYITERBHEE

FARBEGT, RAUHENYS CdHEER, R
AT B R %IRRT 3SR A — R BRI %
o BIS, ARG RS20 U B3R TR K
HEREEE ZERSHRBRESHRTRSREMS,
BLRASE X E 4B Pb.Cd A Zn BB BB, FE7E
— AN PR RS, R R R B BT

AR, B 7E L 4% pH 7. 6 ALHRAT, KE3K
H ¥ Pb.CdZn WS BUBELIERERETH L
FR¥E, B F T 48 Cd . Pb. Zn 5 R, 5™
BANARES MR, TENS MY Cd.Pb.Zn
BEFHEY LI E L8 F Cd.Pb 2" BBK L

Hrh Cd\Pb Zn )8, IXBIAE T4 Cd . Pb Zn {5
B, FRATAR A T 0 K B e
RETESRTRIIE, TEATHE BER
AR H T3
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