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W GE IR % A W T AR S B2 EA UL T Cu Zn fEKFE L A S S M BERDB S T8, W B2 PPN & & A Bl
I e e A AR LU 9 A 2 XUR: R (IS AR B A5 SR ) e T 3 B A LA 12 DS KA pH 3RS T 0.4~ 0.9, 3 X ZE AR T
IKAE L PR Cu &8, T FEE ARSI T KRS L PGS Cu & B KRR L P A REES Zn & REBER & 26 HUILIE A & A4 i s . 5
AR ICHLERAR L I BE D Cu AARCER T S5t LR AR I A 2EAL B Cu Zn RIS FEAE IR Zn B9A S4HE 5 55t TONLERAL BAR 1R). OB 25
IS R A R R W, B B HEEAHUILH AZIRFE L Cu Zn BYRBARIT, Cu FEAHLRES 8P A BER R, Zn W4 S A
BERBR AN Cu Zn BRETRNT, Cu Zn 74 ML P A BR OIS AOKFE 10 Cu Zn 7ECHRAS BRIRERES & 75 B AL 25
BAMANESETARR FEIMEAYLH AR Cu Zn BURIEAHLEE S P55 TR BT .35 22 5% B 57 12 DA I AL
REAL R ZEIAS Cu 15034 3 1 T4 JOHLER AL B, R W S 3 MUE T Cu W AEA RO .

KB B B Cus Zn  JES T A UM kR
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Dynamics of bioavailability and form change of copper and zinc in paddy soil
with livestock and poultry manures

YUAN Mengyun, SHANG Heping, LI Yang, ZHANG Tao, HAN Liyuan, SU Dechun *

College of Resource and Environment Sciences, China Agricultural University, Beijing 100193
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Abstract; Soil incubation experiment was conducted to investigate the dynamics of bioavailability and form change of Cu and Zn in manure applied to soil.
The results showed that, the pH value of paddy soil with livestock and poultry manure increased by 0.4~0.9 units after 12 months of livestock and poultry
manure application. The contents of available Cu in paddy soil decreased after chicken manures application, but increased after pig manures application.
The availability of Zn increased with increasing doses of livestock and poultry manure. The contents of available Cu in paddy soil that treated with chicken
manures were lower than those with the equivalent inorganic Cu, while the contents of available Cu and Zn under pig manures treatment and available Zn
under chicken manures treatment had no significant difference with equivalent inorganic treatment. Form change analysis showed that, when the contents of
Cu and Zn in livestock and poultry manure were low, the main form of Cu accumulated in paddy soil was organic, while that of Zn was carbonate.
However, when the contents were high, Cu and Zn could accumulate in all kinds of forms. There was no significant deference between the treatments of
manures and inorganic salts in the contents of Cu and Zn. After 12 months of livestock and poultry manure application, the content of exchangeable Cu
were higher than that of inorganic salt treatments, which indicated that the potential availability of Cu in livestock and poultry manures was higher than that
in inorganic salt. The research results will provide a theory basis for a scientific ecological risk assessment regarding heavy metals into paddy soil.
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1 5| & (Introduction)

KRR E R E 2R EEY, Ao A 4
WETEYIN 25% , & EA 2/3 LI LR AUREK N E
1,00 AW 9% R iY FLRE E 76 AS W 4 K (i fik,
2011) . FF H 1T 4 i Vs Y AN 25 i 7K RS 1Y) IE
A I I B B IE AR, X N 2 A i i B
T BB AR, B TR RS M 4R TS e e H
fR g IR T A& T2 5 (RN vE 4
2007) AR, R E K H b 4 JE W E
Kz —hESHMEA YL (Luo et al.,
2009) ARG 7 07 R T KENE
B 2010 3R E FH & A DR YN 22.35
¢ v (BKHESE, 2013 ). BT ARDRHES in 3510 04 R i
& G P E R & B =R LA 10
ANHLIX 31 AR FRFE S A AR A B & 20l 14 F
LIEICR T = IEA K, LA Cu Zn AR R ™,
HoH  15%RRHEE S A 30% 5 & 25(E R Cu & Rl
i 100 mg-kg™" , 50%TARIEE AN 95% B & &R 5
Zn S EEId 100 mg-kg™' (Cang et al., 2004) .4 WF
FER LIS ZE R JFORHE = A HLIE T Zn 5 3
15, DB OBV 7= A B Zn | Cu B i 3%
(X5 AR A, 2005) X SE T 4 | 2 bl E B B 28 ME
A LA FH 2E AR A 5 73 g0 22 B, K it
R B2 ol E 4 8 55 A W e g B
HILUA Cu Zn W95 B35 (RIBRSE, 2009) .45
il % B 3 E A HLAE AT A B 4 JE X RS - s
PeBiia A EEE X

KA DU A DX A= 195 15 7K U Tk Ak A £ i
F P ESE N EZORE, 5 & S EA L
JEASIA] X 2ok A ik A 2 4 e v (i 22 2 E 4 8 G
PLEL (32 £ e %5, 2014; 5K &%, 2006; ¥R R,
2014 ) AN[RIRR B A MIE FE 4 i X 1 8 v 4w s )
AN G R M, 15 KM G 5 8 4 s
A, o 2 o WA B s/, 3 n T I 4
JEITRERE ST, 1 in 2 H 5 Y R K A XGRS (X0
TR4E,2010) .11 7 &5 308 A HLAE b s 5 o 45 A A 1Y
Cu.Zn 7 50% ~75% , & 5 5 B 7T 6 Akl 7T i 4k &
SJ& (5N 2245, 2009; Garcia-Mina et al., 2004).
HHFFE R, A HLIEE 3 Cu A ZE A
T > A LGS A A S B EE R, g
Cu [R5 PEZS & BRI D , Cu & 30 A LA
i A YIS, 3 Cu MRIRBUCS A NLE &8

B SN B T 4 Cu T ME (XSS, 2013).
XEEAELE 7 AT RE S5 AMRE & B e S R i
T . 5 B XA MLIETE A 35 B ALY 7 +
SErpE Ao % A HLAC Hh A G A R R AT
N HAVYE A IS RAEMA SRS RS
H A IHLER A [ A2 L. B9 & & ZE Ay pLAL o
AR A TH A 3 v ] 25 I o e B AR W R
Ve AR, AN R & S A U P R e
KA PRI AT D AR A Bl A R E KR
HIAS A HLIE R AR 48 6, 2 WP & &
FEAEA AL 4 Jm FE A KRS TS A8 A 285 XU A1
b R b e AT R L

PRI, A S FH 9 b g Y ML A 37 3 ) 7 8 36
EAAHUE, FFRADIE T Cu Zn 7E7KAE 1A &tk
AL LOE BT R, I 5 55 Cu Zn TOHLER
PEATHOAE, A N A B 5 A T Sy 3 & 26 A
PUIEH AR S I D ey, 1 il & & 28 A HLAE
R HE A S A A 25 KU K 5 B R IR 6 R
1425 S S AP AR Al

2 ##El57AE (Materials and methods)

2.1 B

K LR AME KD BTS2 (113012
00"E,28°08'18"N) , T3 Jy 2RIl 21 5 ¢, +IE ML
AN 2 ~0.2 mm K42 F0R 5 4.99%,0.2 ~0.02
mm R PR 5 28.57%,0.02 ~0.002 mm K74 ks
di 37.69% ,<0.002 mm i Bk & 28.75% .38 5
BEERMEAYUIER AW A R LAY -
SR MEIX S 25 1) & & SR PUIE 2 5T IF 4t 4
mm T . 1SRG MR A SRl FEAL P 5 &% Cu  Zn

Tl 1.

F1 X TEMEVIEMNERLZEREN CuZn &8
Table 1 ~ Chemical properties and Cu and Zn concentrations of the soil

and manure

- oH /Fj‘m}_ﬁl/ cu/_1 zn/_1

(gkg™)  (mg-kg™)  (mg-kg™)

IKFE 4 6.00 33.3 32.6 114.0

PLE= 7.12 312.9 106.6 4485.0

icEs 8.60 317.7 236.0 522.0
22 RBFE

JKFE R R i o A 3 5]k Kt HR it
2% (JF2%) Jiti 5%3S3E(JF5%) Jti 5 JF2% |
JF5% & 455 Cu. Zn MO TCHLER (JY2% JY5%) ; Jiti
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2% % 3E (ZF2%) | i 5% %% 3§ (ZF5%) | it 11 5
ZF2% . 7F5% & %5 4 Cu, Zn ) KWL (Z2Y2% .
ZY5%) FAAbEE 3 AN 3 27 f R LK
Sy 4 mm G, ICFL BB B AR IR = 0%
2L 12 A 3R, B T 2 kg, T HERTAH N
FEIE R E e iR A Y5 a4 4, F CuSO, + 5H,0
ZnSO, - TH,O0 Bl B 5 2% 5% 2 ML & %=
Cu . Zn [HTCHLERA W, THLER WS H3E5e iR )
Je e A B AR RN = RE R 15~25 C KGR R
Bk, K 2R AR 1 em A HI7ERE S 1.2.3 4,
5.6 .12 B A EUEE 100 o, BURE 5 AR 4L
b AR A AR IR U 0 AR X,
W3 1 mm F10.149 mm 545 .
2.3 pH Ml & 7 ik

B 1 mm fiB93E351.2.3.4.5.6. 12 A/
R 5 pH I Ty R FH 25 B KR $2 pH

AR 2.5:1).
24 tBEARAELBERB I EFMELEHNAL

TS Zn . Cu JH 0.05 mol-L™" EDTA-2Na
PEECFRBGE 1 mm FHAEE SR 1.2.3.4.5.6.12 A
1) 10 g FEAICT 100 mL 204, A 0.05 mol - L™
EDTA-2Na( Z DU 28 —4hEh) I 50 mL, 35 %
BLEST, B TREHLELL 200 r-min™' 18 4R
% 2 h. T E.OHL ELL 4000 r-min™ 8.0 10 min, i
U8, BRI (B 2000) .

T+ 3 Zn Cu TE A FCR FH M By Tessier %
SRR  BUE 0.149 mm FHIREFE 1.6.12 A 1
T+ B G Tessier 1% 2242 B 2 + 3 Cu Zn
MR AETE A I Bk Tessier 3 (Z254F B 4% 2005)
PRI WL 2. 5% A 22 T3

K2 HHH Tessier ELEIRBUE

Table 2 An improved Tessier sequential extraction method

W £ R FREGH e It
LA 1 mol-L™" MgCl, ,pH=7.0 PR¥% 1 h, B0 15 min (4000 r-min™') i 3E L 1:8

1 mol-L™" NaOAc,pH=5.0 Fil HOAC ¥y

ARG o
pEaai
-1 A~ -1
FHL s 0.04 mol - L™ HNO,, 30% qui,”.% 3.2 mol - L
NH,OACHY 20% (AR ) HNO, %R
RES ZkE

£ 0.04 mol - L™! NH,OH - HCI Y 25% ( R H ) HOAC

#&7% 5 h, B0 15 min(4000 r-min~") | 1 3E FH L 1:8
I8 T (96+3) CAMET, MIFFHEHE 6 h, B0 15 min
(4000 remin~") L& WL 1015

BT (85+3) CARWGH, BIFRBEHE S h, 2.0 15 min
(4000 remin™") ,iF &, L 1:8

S 4 BB S Z M

25 1EFLELGENE T &

EDTA $2I0B PA S Cu Zn & BEFIESLR I
ALY &L Cu Zn &8 R TR IOE
T (TAS-990 84738 FH I 7 W e 43 0 B A3
SE L AIERAG UL Cu.Zn 4 5 I E bR ke
BT A
2.6 AR %

Kl ] SAS v8 B, 1 p<0.05 KF N k748
T M. B R h B 7R p<0.05 B EEKF T I
B, U 1R 1k 51 35 22 5 K F ) Excel #X
TR IR

3 ZRE54%9#(Results and analysis)
3.1 HAEEEEANIEE LIE pH E AL A
pH JE5 00 + 8 4 J@ AR AT A AR WA Rk

T D AT 1 PR ] R 3% (P 1) 3%
(P& 1h) A SR Cu Zn T HLER IS KRS £ pH

WX R R Sh A7 Ak A& 1 HmT UE Y, 556 R
AFEARLL  ZERE SRR 12 A A il RS AL
EJS KRG A pH T, ELB A AILAE it FH 2 4 384
MiFtE. 12 A A G it RS2 A K R = pH 43 5148
T 0.46.0.81, it A& ZE M 43 73 I 1T 0.76 1 0.91,
R Tr) 288 AR A B ) 222 S AS S 3 FH 45 R JE LR A9 £
HE pH 5% HE A B A T . K A it A MLAE J5 pH
Fhon, X — R TAVEA G pH & T 15
pH ; 5381, A LA RE it FH 1) 38 rhaly A KR 8k
BB WA T MR W b S T N BH B A
et (Zhu et al., 1991) , XA 3 pH FHiE. A
WFFE Bt & & 28 Ak 0 5 48 R /K R £ pH, il
SR Pk - PR 5 AR (TR A4, 2009) . K HIR
Yt B, K0t T RS 28 KRS £ pH i (RS
- 2006).

M pH B3R5 3% 0 18] (19 3h S AR L, 7685 95 10 46
2~3 D H W, i ICHLER 5% B AR 3 ) + 5 pH 3



2616 S

¥l

36 &

B it FHA AIUAE 9 A 3800 O B B BEAIRL5S 3 ~4 A
AW, 52 R IR TSN, 45 A0 B 4 3 pH
HB 2 B Th v 2B 3 pH RS2 A WL R A i
S 22 L EIVE T A 45 5L pH 7535 352400 30 R A 17
JER PR AT 8 2 4= HE v A ML A = A T KR A L
P& ( Zorpas 2008 ) . Fifi & A ML I 43 ik 45 o, A3 PR 4%
TR, OF H R A E R A A
NH, , X P2 B {45 1 pH B B 755 5 A
A4 A 3 38 pH PR B ARG, 3X 0T g2 h T2 fb 15
A U555 FIRH £ A FH 388 58 45 5 AL I 4 52 4 fit 7=
TG TR VLR AR, A ILR 0 bt
FEHF=A NH, 208 A 4358 5 G E 9 1% sh 38 5 I
PN E T B PRI AE IR & 138 pH( Dai
et al., 2004 ) .7t ] 54 28 55 5 oML ) 1 pH 7E
1~ 4 N HNFFEL TR S 5.6 D HFRE EJF, X
AIRESE R T e R 0 AL R A% it 4 A5 4 9 A ML
JF 3 it 2k REGEA it P 5% 58 FE A0 T ) 433 pH 1645
1~4 A~ H NFFE T A T RE R 2% pH 5, IKTH
T AT = A PR EAS pH T BRI A

75 a —®—CK —— IY2%
—e— JF2% —a— JY5%
70k —a—JF5%
i—;_‘/.‘—‘_\i\” 3
6.5 ._(’_/.\l\\ﬂf--
6.0 a‘% ;
55
] ] ] 1 1 [ |
i 1 2 3 4 5 6 12
KE3entm /A
b —a— CK —a— 7F5% —h— 7Y 5%
C T _e—zk —e—7v2%

70F ,_r/*",,"l\i""‘\r
3

6.0F A!

55

pH

5.0 1 1 1 1 1 1 ! |
1 2 3 4 5 6 12

Higrng i/ A

E1 ERATAEESEEMINAEKBLLE pH eSS
AL (a XGIEFITEHLER b AE IR TEHLER)
Fig.1 Dynamics of pH in paddy soil after application of different

amounts of manure and inorganic salt

32 MABSEEAVIEE LEAMS CuZn &
EHSEMN
321 HAESEEANEELEARS Cu 2 &
M ARMA K2 M XIS R Cu TTHLER
(¥l 2a) JEZEMAERD Cu JCHLER (K] 2b) J5 KRG L
EDTA 2GS Cu 0 & BEES I3 I 4] 19 3 285722 4. A
Pl 2a AT LATE 1, it FH RS2 B R A 1 /KA 1 b 4L
A Cu B 6 Jit P 2 8 e AR AR 88K T it P 5 %
PR Cu THLER AL KRG P AR Cu &S
XTHRAL RN TC ] 25 R X R R RSP S
APLBREAR T Cu WA RO A WF R IT, A LB
Cu HA TR EFN ), (13 Cu AT W M2 &
( Rodriguez-Rubio et al.,2003) . T3 Cu & &
WA, 5 XS FE 55 B Cu JOHLER b B IF %A B i
B H3Erh A RS Co &5 S IEARR, +
AR Cu & E B ZE A S5 5 Cu TCALER T 2 1Y 3
T 2 (E 2b) X FEGE RS Cu 1Y
TR R T AYFE T A ST DTPA UK Cu
i A A LB, K 34.45% (BT B AR
2004 ) FEFEA0 35 X0 0 1Y To B AR b B A A AL A

a —aCK —o—IY2%
120 | ——JF2% —&—JY5%
f_,, —4—JF5%
— -
g 10.0
= 80f
40
O 60 ¥
#
&
Z 40
20 1 1 1 | | 1 J
- 1 2 3 4 5 6 12
HEaEntm /A
00 L b —a—CK ——7Y2%
|s-n —e—7F2%  —&—ZY5%
:_‘n ' —a—7F5%
%160 -
= 140 |
,f: 120 F %
3100 |
]
% 80 | \/
F 6ol
_1(] 1 L 1 1 L 1 ”_I
1 2 3 4 5 6 12
Hedeng ]/ A

B2 HMAAREEFSEEMENHEABLLEEYS Cu
S ENEEEL (a XGIEFLHLEL, b IR

Fig.2 Dynamics of EDTA extractable Cu concentration in paddy soil
after application of different amounts of manure and inorganic

salt
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Cu ZRIC & R, RUIEIEME = THLER DY
Cu FLA A R A 80

MIKRE A0t 1 7 8 25 A HLIE S5 A RS Cu Fifi
AR A B S AR R A R SR 12 A
WA Cu SR 2 Nk
PAXFh BRSNS - B HLTAE B N A % pH TR
JE T SERUE G S A G, Horh A HLBT AN pH &5
i -4 Cu A RER EE N E. KO T A VLR Cu
I VE R AR SR 2R 1~ 2 NS A KR LA
B Cu SRR BRI LSS 2~3 S H N, &40 BEAT G
Cu Erg 2RTHE 45 3 ~4 A F N T+ 1 i 2 1K
ME T Ha] LA W pH 7RSS 2~3 A H 2 R
AT RR R X — B BE N A BL Co BT 1 3
ZR K AMREY, LEPESEASMS pH 2
A 3~4 A H W, RaFA DL 1 /Ny
TAHLEX Cu W% ALAVE I RB S 76— R LK
pH T i 15 5 4 Ja 05 PR AR AR L A h s = 0,
INGF T B AT ARSI Cu  Zn B RGP, T K20 T
R F S Cu Zn JE RS IR S N &9,
FAELA/EH (Inaba e al. ,2005 ;256184 , 2002) )i
HESREAYILEM 12 AN, AYURT L5
FAACSN S HE R e T HIEA RS Cu 8
AL
322 MABSLEEANEELEARASIn & &
FAZNA B3 i AR Zn TTHLE: (]
3a) JEFEFNAF G Zn ToHLER (18 3b) JG /K AS 1 EDTA
PGS Zn SR ANE 3 AT LUE 5 X5
WEAH L, it IS 2 H 26 K X Y Zn JCHLER 5 3
AR Zn S W R, HLBE S it R = 0 3
N AR AE - HERG 55 0 38 s R vp 09 28 Ab 2
FX o 4548 Zn TCHLER AL #8 2 [A] 3 A 80S Zn &
HIEH 25, XRIHWAMA VLI T Zn fEKF L
WA R S A5 Zn TOHLERARTA].

MAIKAE A8 Zn B it Bl G 55 1) 8] 1) 3l A AR
F 7E TSRS 6 D H N it A HLIE RN TC
PLER G KRS A 33 Zn S EBER; FRAF R 2216 5 Cu
BEA—FE 6~ 12 M H WA T IEAR Zn &
KA, 5 Cu A, BE RS (] A SE 4 36 PR A LT 9 o
Wb ORI 4 R S A LRSS A e AR R R 3R
B, B A I A b B2 A 2R AT, A LSS B B Cu/Zn
AT IR IR R 45 A 8 1) Cu/Zn FLAEREAIL, i
Cu 5H LRI A 58 4r5m (/50 244, 2008) .Cu 38
SeE A TEHEA LT, IF H pH 7858 6~ 12 4~ H NI

HAEFS Cu A 8T Zn T BE S £ A9 1 0RK iR £5
SE A S MEVERE.

—=—CK —o—JY2%
i B S —A—1Y5%
—~ 230}
2 a0
4o
E ol N
E 170k
4o
= 150}
~
® 130
~ ol
9.0}
7.0 L L 1 1 1 Ly
1 2 3 4 5 6 12
HFEntE /A
190 - p —#CK ——7Y2%
—o—7F2% —A—7Y5%
=170 | —a— ZF5%
=1
-
2150
Q:Eﬂl 0F l\i
N
=10 ;;!
g
9.0
70 1 ] ] ] ] Ly
) 1 2 3 4 5 6 12
HFEntE /A

B3 MAAAEESEEMTNEFTABLI LI EFTRS Zn
SENINEEN (a BT, b IEFEFTHLEL)

Fig.3 Dynamics of EDTA extractable Zn concentration in paddy soil

after application of different amounts of manure and

inorganic salt

33 EEEEANEY CuZn EABLEFHHEA
)3 5t A2
33.1 BEEEANEF N Cu EAM LT HRAF
HAHAZN £ 3 HEHAFEGIEMER Cu
TEHLER S5 A R st (] Bk Fd + A TES Ca il
44 Cu R BL R R TT LB 5% B
Eb A9 FE A0 FE B E I T KA A ALES B Cu
(4 Bt K LA it FH S AL ER T 8 208 n T K R
LA BRIRER S5 B R A AL 4 G S A AL
JRE AR Ca & & K L] e B B 32 003, 08 3647
AW Cu RE LA LY A S IE R AE e, TTHLER AT
AW Cu MIDIZEH A BRFR AR 25 638 R Ak 25
HAMAIEEEBNIEELES 12 D H kg3
A PR AZ IS Cu B i B 3 xR, e HLEh b 3
XTI E LR LI Cu FEEAUES Cu &
TR EA R UR X e XS 3 HLA O g VR A E A A
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RS 28 it T 38, <SS A HLAE 5 25 Cu
R RETHE, ALY S Co A LTSS
7

B NS FEAL BRI S BRIER S A A ARG AL
YL 4 Cu o b IR TS5 MR HLER AL 2E A7 L
A5 625 Cu it S IEHLER A B 583 2 5 45 40
A BRIRER A 025 Cu A B 4 Cu 9 HL D

FES 1~6 DA TS 725 6~ 12 A H BFREAIL, 46 12
A A B E R TR R A 45 54 Cu
P M B B AR, A AL SS A& Cu 8
4= Cu MY ELBITHE £ AbFR S Cu &5 i 42 Cu
B H e T R AR 26 12 A A IR S gL T
BR80T 25 TR SR 156, 45 A PR RS - H ) Cu
FEAH RS N AL G S L.

R3 BEMENBFANTEDHN Cu EABLPHBEFRLSE

Table 3 Change of Cu form in paddy soil after application of chicken manure and inorganic salt

1A 6 1A 124 H
Cu B L3 L i A1 L i
v &8/ (mg-kg™!) o &E/(mg-kg™") o EE/(mg-kg™) 5l
LA CK 0.36+0.05" 1.10% 0.11+0.06" 0.34% 0.19+0.00° 0.56%
JF2% 0.26+0.08" 0.76% 0.18+0.00° 0.53% 0.22+0.00" 0.66%
JF5% 0.26+0.00" 0.72% 0.41+0.06" 1.13% 0.29+0.03* 0.62%
1Y2% 0.39+0.05* 1.14% 0.48+0.00" 1.32% 0.21+0.02 0.79%
1Y5% 0.39+0.05° 1.07% 0.58+0.10 1.60% 0.20+0.02 0.54%
RERER A4S &35 CK 0.64+0.03" 1.96% 0.14+0.02" 0.43% 0.30+0.00" 0.93%
JF2% 0.70+0.03" 2.05% 0.19+0.01" 0.56% 0.35+0.04 1.03%
IF5% 0.69+0.03" 1.90% 0.22+0.04" 0.61% 0.25+0.05" 1.03%
1Y2% 0.90+0.06* 2.64% 0.56+0.17* 1.64% 0.35+0.04" 0.69%
I1Y5% 0.92+0.07 2.53% 0.67+0.16 1.85% 0.45+0.13* 1.25%
BRah E AL CK 2.18+0.26" 6.69% 1.69+0.16¢ 5.18% 1.50£0.10¢ 4.60%
ERREE JF2% 2.01+0.08" 5.90% 1.83+0.26° 5.37% 1.28+0.16° 3.76%
JF5% 1.83+0.08" 5.04% 1.66+0.07° 4.57% 1.18+0.09¢ 5.84%
2% 2.84+0.14* 8.33% 2.23+0.27" 6.54% 1.99+0.24" 3.53%
1Y5% 3.10+0.57* 8.54% 3.29+0.06 9.06% 2.85+0.34" 7.85%
HULE G CK 2.29+0.54° 7.02% 3.12£0.22¢ 9.57% 4.61+0.04" 14.14%
JF2% 3.39+0.57" 10.40% 4.63+0.39" 13.59% 5.55+0.17° 16.29%
JF5% 3.56+0.00" 9.81% 5.38+0.16" 14.82% 7.11+0.44" 17.84%
1Y2% 3.83+0.34" 11.24% 4.51£0.04" 13.23% 6.08+0.15° 19.59%
JY5% 4.50£0.17* 12.40% 5.80+0.28" 15.98% 7.83+0.47" 21.57%
TR A CK 27.13 83.22% 29.21 80.46% 26.00 79.76%
JF2% 27.57 80.89% 30.76 79.96% 26.67 78.27%
JF5% 29.96 82.53% 32.91 78.87% 25.45 74.67%
Y2% 26.12 76.64% 29.72 77.26% 27.37 75.40%
IY5% 27.39 75.45% 29.84 71.52% 24.97 68.79%

TE Rl —F i ARG SR 8] T 1) — 2 6] He A, T Rl R 3R 22 5 3% (p<0.05) , T

4 NS R SR Co THLER S A
)y Ta] Bk e L A 22 Cu & ALY 184 Cu
B MR AT LA 5 12 A A I SR
SEEAYOHLER AL B S He A Cu 5 -5 X IR AT e
ARFRHER, B8 ER T, X 538 40
HUATR]. B AN SR 18], B 26 A0 25t oL R ]
BN, AR R SR A R ER 25 6 A B A AL
WEE S EFAPTEE 58 Co S & &5 4 Cu 1Y

Lo 2, HICHLEE b B A B PR R 45 5 A LBk
WAL EE Cu T ERE G THILH, AL
JREAH A Cu & S FIC 35 25 57 X n] BE 2
M TR EET Cu B9 AR &, il FH 4% 2 A2 O HIL
e, Cu R ML R FES Cu & 85X
HEAH LA AN R B IS [ A SE I, KRS b Cu 222
] A LA & S He AL
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Table 4 Change of Cu form in paddy soil after application of pig manure and inorganic salt in paddy soil

- 4 1A 61~H 121H
i/ (mg-kg™") L fi) i/ (mg-kg™) Lt Bl T/ (mg-kg™) L i)
3CHRAS CK 0.36+0.05¢ 1.10% 0.11£0.06° 0.34% 0.18+0.00° 0.56%
ZF2% 0.52+0.09¢ 1.53% 0.28+0.10" 0.86% 0.36+0.00" 0.98%
ZF5% 0.72+0.05" 1.98% 0.54+0.06" 1.26% 0.58+0.03" 0.25%
7ZY2% 0.54+0.08° 1.58% 0.44+0.12° 1.20% 0.09+0.04¢ 1.35%
ZY5% 0.87+0.05" 2.40% 0.51+0.06" 1.19% 0.18+0.04¢ 0.42%
RIRER A A CK 0.64+0.03° 1.96% 0.14+0.02d 0.43% 0.30+0.00¢ 0.93%
ZF2% 1.03+0.10" 3.02% 1.15£0.02¢ 3.14% 0.78+0.04° 2.12%
ZF5% 1.14+0.12% 3.14% 1.42+0.18" 3.32% 1.05+0.15" 2.19%
ZY2% 0.74+0.06° 2.17% 1.28+0.09° 3.49% 0.80+0.09¢ 2.45%
7ZY5% 1.22+0.07¢ 3.36% 2.05+0.05" 4.79% 1.20£0.00* 2.81%
R AL CK 2.18+0.26° 6.69% 1.69+0.16" 5.18% 1.50+0.10¢ 4.60%
ERErS ZF2% 2.85+0.08¢ 8.36% 2.68+0.06° 7.31% 2.53£0.42° 6.90%
ZF5% 3.98+0.39" 10.96% 3.660.38" 8.56% 3.500.50" 7.34%
ZY2% 3.51£0.07° 9.67% 2.63+0.21° 7.17% 2.6920.10° 8.18%
7ZY5% 4.81+0.27* 13.25% 4.75+0.09° 11.11% 4.37+0.58" 10.22%
HHLE A CK 2.29+0.54° 7.02% 3.1220.22¢ 9.57% 4.61+0.04° 14.14%
ZF2% 3.89+0.45" 11.41% 5.99+0.18° 16.34% 7.77+0.56" 21.19%
ZF5% 5.96+0.21° 16.42% 9.63+0.63" 22.52% 11.21+0.94° 20.75%
7ZY2% 4.35+0.13" 12.76% 5.63+0.15°¢ 15.35% 7.61£0.12" 26.19%
7ZY5% 6.47+0.52" 17.82% 8.1x0.11" 18.94% 10.51+0.80° 24.55%
B CK 27.13 83.22% 27.54 84.48% 26.00 79.76%
ZF2% 28.38 77.39% 26.53 72.36% 25.23 68.81%
ZF5% 30.97 72.41% 27.52 64.34% 25.47 69.47%
7ZY2% 28.03 76.44% 26.69 72.78% 26.44 61.83%
7ZY5% 29.40 68.74% 27.36 63.97% 26.52 62.00%

332 EFHEMEANEFE Zn £AB L FNRE
BWEHERMN K5 A RE G IEMER Zn
TCALER 5 AN RIS TR BEK Rl L 252 25 Zn Y5 1 K
i TIEA Zn (BT RS0 E N T RT LUE Y it A 3
FIAGE R TOALER 38 040 T b S b S A B R #h 45
B VR A A S S A PG Zn &
Feibi4s Zn BYLEA). 4% AL BRER I A Zn 095 B dL I
TS HEAL B, X 538 2 s A KA Zn 56, R I
XEFERTALER AR Zn TEA DL SHA R,
Wit HIXG A S 25 Zn &5 8 16N [R] ] S TR)
A RFEFIN, HRSILE Zn Bt IS R 45 4
AL A3 A i Sk 2 B X 2 A SN R < 4
e R R B <G T A A B IR Rt P XS FE Y
ACHAS Zn W E AR T AR RO AL B, Bk R R

Z5EA In TR E S TR TR gk
FAWES S S RA VLRSS G Zn 5w ZE M5
MR P [A) 0 1 3 22 5 AR A8 0 & S 4
Zn (1) FE e PR AL B A AR T A B R, SR
PSS B FR £ 25 6 X pH AR 4k i b fURK, pH
T A A TR R R 45 G A Zn 19 A2 1L, T 3 e 2
Zn F R BEAR, B S FEAE A A SR RS L pH THE
AL RESE B E RS R R A (Sauve et al., 1998) . fifi
IR A AE A A LB 45 5 S MR A Zn & i
4 Zn (LG T Bk R ER 45 A A AR L)
RO In SR OE 4 Zn WO HLBIREAG, 282 Zn
WAR T TR A AL UK RS L rp Zn EZ A LSS
BB S AL
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Table 5 Change of Zn form in paddy soil after application of chicken manure and inorganic salt
—_— 4 1A 61~H 121H
i/ (mg-kg™") L i) i/ (mg-kg™) L3l T/ (mg-kg™) L 5]
TS CK 3.36+0.54¢ 2.95% 1.69£0.16° 1.48% 0.87+0.27° 0.76%
JF2% 11.03+1.44° 5.48% 2.48+0.36° 1.23% 5.72+2.08" 2.84%
JF5% 11.72£0.59¢ 3.52% 2.93+0.09° 0.88% 4.69+0.14" 1.41%
1Y2% 18.81+0.92" 9.34% 7.03+0.86" 3.49% 5.67+1.19" 2.82%
IY5% 28.62+0.32° 8.61% 18.13£0.39° 5.45% 11.71£0.34° 3.51%
IR A A2 CK 3.99+0.31° 3.50% 6.32+0.36° 5.54% 4.65+0.41° 4.08%
JF2% 22.17+0.32¢ 11.01% 19.41£0.23" 9.64% 14.22+0.04° 7.05%
JF5% 28.68+0.98° 8.62% 22.88+0.44° 6.88% 16.82+0.14° 5.05%
2% 17.55£0.46" 8.71% 19.04£0.46" 9.45% 12.42+0.28¢ 6.16%
IY5% 25.32+0.54" 7.61% 22.56+0.28° 6.78% 15.43£0.11" 4.63%
3 £k iR CK 16.81+0.68¢ 14.75% 21.7122.20° 19.04% 14.81+0.73" 13.00%
GRS JF2% 40.72+1.66" 20.22% 34.01£0.80" 16.89% 25.72+2.30° 12.80%
JF5% 52.37+0.44° 15.75% 39.83+0.74" 11.98% 27.33+1.86" 8.21%
2% 40.21£0.58" 19.96% 33.32+1.33" 16.54% 26.12+2.25° 13.00%
IY5% 51.03+0.41° 15.35% 38.56+1.06" 11.60% 28.44+0.13" 8.54%
AL ES CK 2.87+0.63¢ 2.52% 4.13£0.22¢ 3.62% 4.76+0.32¢ 4.18%
JF2% 5.69+1.16° 2.82% 7.33+0.20" 3.64% 7.36+0.55" 3.65%
JF5% 7.11£0.33° 2.14% 9.54+0.27" 2.87% 9.76+0.29° 2.93%
1Y2% 6.71+0.93< 3.33% 6.62+0.42° 3.29% 7.23+0.14" 3.59%
IY5% 8.88+0.50° 2.67% 9.49+0.09* 2.85% 10.10£0.41° 3.04%
Bt CK 86.97 76.29% 80.15 70.31% 88.92 78.00%
JF2% 121.81 60.48% 138.19 68.61% 148.44 73.70%
JF5% 232.67 69.97% 257.37 77.39% 281.15 84.54%
2% 118.14 58.65% 135.41 67.23% 142.87 70.93%
IY5% 218.70 65.76% 243.81 73.32% 266.95 80.27%

6 WA FE R IEFEME R Zn THLEE A
[ s () B L3P I35 Zn B9 &8 S i H 3P4 Zn
B N R AT LA, 53R AR L, 35 2%
Iiéﬁﬁif%ﬁ&i'\éi/*m *ﬁzﬂ% T%Fﬁg%

FALHIRY B A A A In SEMEETE.
Hﬁﬁﬁ%ﬂﬂ"]ﬁcﬁ?& Zn iﬁ%ﬁﬂ:#ijﬁmﬂ‘l
HOBRIRERZE B A Zn =T TR b

HLRE A A B '?#gﬂﬁmi'\%iiiﬁb% [N AN

In BRESAMDHESE 7
i*??él’]

S s 4 Zn 1Y HEIAE

1~6 N HFFE 55 6~ 12 4 A BRIL  3RiE 25
AN 4 Zn B LGB SR RS S T )dﬁ&u
N4 Zn W HLBIREAR, A AL SS &35 Zn
gﬁﬁé Zn WY L BIFESE T . R ITERE 37 6 /\H
iF, A A KRS 4 Zn 35 ) B R Eh 45 A S Ak
HhAI S G AL IR 6~ 12 S AR, A
MURZE A SRS AL

K6 BEMINAFANTEDHN Zn ELFERFHBELSE

Table 6  Change of Zn form in paddy soil after application of pig manure and inorganic salt

X 1A 6 1A 124 H
Cu JEA Kb PR - -
HHE/(mg-kg™) L i) T/ (mgekg™) L3l H/(mg-kg™) L i)
A CK 3.36+0.54% 2.95% 1.69+0.16" 1.48% 0.87+0.27" 0.76%
ZF2% 3.55+0.42° 2.91% 0.54+0.25° 0.44% 0.760.34" 0.62%
ZF5% 2.61+0.050" 1.94% 0.1920.06° 0.14% 0.42£0.22° 1.05%
7Y2% 6.45+0.57" 5.28% 1.39+0.10" 1.14% 1.41£0.76" 0.35%
7ZY5% 9.93+0.32° 7.39% 3.23+0.41° 2.40% 1.82+0.57* 1.35%
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23R6
- . 1A 6 1~H 1211
i/ (mg-kg™") L i) T/ (mg-kg™) Lt 4l &/ (mg-kg™!) L B
IRIRERZE S CK 3.99+0.31° 3.50% 6.32+0.36¢ 5.54% 4.65+0.41¢ 4.08%
ZF2% 6.88+0.17° 5.63% 13.02:+1.80" 10.66% 8.561.15" 7.01%
ZF5% 11.24£0.09° 8.36% 15.37£0.15° 11.44% 10.51£0.45° 4.96%
ZY2% 5.51£0.31¢ 4.51% 10.60+0.82° 8.68% 6.67+0.72°¢ 8.60%
ZY5% 8.25+0.360" 6.14% 12.45£0.30" 9.26% 8.53+0.64" 6.35%
R A CK 16.81+0.68¢ 14.75% 21.71£2.20% 19.04% 14.80+0.73¢ 12.98%
&EHEN ZF2% 17.69+0.66¢ 14.48% 23.13+0.52" 18.93% 17.78+0.54" 14.57%
ZF5% 21.62+0.27" 16.09% 25.33+0.33% 18.85% 19.49£0.25° 12.80%
ZY2% 19.66+0.18¢ 16.09% 20.97+0.73¢ 17.17% 17.21£0.23" 15.96%
ZY5% 24.04+0.59* 17.89% 25.51+0.33% 18.98% 19.58+1.32° 14.58%
FLEER CK 2.87+0.63¢ 2.52% 4.03+0.22" 3.54% 4.76+0.32" 4.18%
ZF2% 3.57+0.23% 2.92% 4.10+0.20" 3.36% 5.03+0.12" 4.12%
ZF5% 4.22+0.56" 3.14% 4.67+0.97" 3.47% 4.70£0.37" 3.69%
ZY2% 3.86+0.10" 3.16% 4.08+0.21" 3.34% 4.96+0.06" 3.85%
ZY5% 4.44+0.47" 3.30% 5.18+0.25" 3.85% 5.22+0.25" 3.88%
Bt s CK 86.97 76.29% 80.25 70.39% 88.92 78.00%
ZF2% 90.47 74.06% 81.37 66.61% 90.01 73.68%
ZF5% 94.71 70.47% 88.84 66.10% 104.16 77.50%
7ZY2% 86.68 70.96% 85.12 69.68% 87.04 71.25%
7ZY5% 87.74 65.28% 88.03 65.50% 99.23 73.83%

4 118 (Discussion)

AR SCH AR IR R, R TR S
FEEJE KA L Cu Zn A RS FIIE S 5 .
4 R A RCS A R P BTR R IE A HA w ok
FE T A R B XU, b 4 i 4 e TR
Wi Qe AR Y B fe T R E (RIS A, 2005) .7 &
AR AR ) HBOR IR, Wl KA bl AT
Kot A LT, —J7 T 75 & 28 b igA HLTTE 757K
it pH FhEr, H S5 RRVEAR S 55 80 G T [ AR
PLBTX Cu Zn (W ; 55 — 05 T, A HILISE Hh 8 5 R
B RE A RE RS L L T £ P AT, 7 R R R s 110
[R5 T 5 435 7 0y 54 SO, R, fg 3
TR R A S B R (SRR AR, 2011).
AWTFE i FH XS 2SR KR b Cu A 30HE W35 T
St Cu JOHLER AL B, 33 32222 D Shy i T X9 2 42
T KRS0 pH Al A BYA HLETRT Cu 7Y M B
15 18 Cu AR H R ZHOE LT, X P A
YEHTAELHEI , A HLJ5T 0T 5 4 i % P 1 52 e Al g
AN % (Burgos et al., 2006; Brazauskiene et al.,
2008) AWK it FHAS SR KRG b Zn K
FELLPRAY Cu Zn ARMES S & Zn TCHLER AL BRI TE
BEEF XM RN E R Z T HESEA R

PERR S AP A SCHN, 10 5 LI rh B & w2 &
KPS O pH L 5 M) E 45 R A S d Y
WERZ—, H pH 55 & 8 A 202 B3 1 57U ¢
KR ELYWIRZHEICUE S AHE I B, FERE IR 4 2
~3 A AP EL Cu Zn Bl pH A AR T
FhE AR SR R KA b Cu Zn AR
i BN R A 3SR S pH IR SR W] i Y
TG, X RN TE A 2510 T, pH A8 A0 5 4>
JE AR B R , MR Cu  Zn B9 RO KA
PLUBRH) 73 AR XS Cu Zn A BMERZ W A fE 5 3%
Hfo .

BEIEMEAYUIC @S K L hE S8
AT o3 A, AT B 42 A9 A 80 2B 5 . Ah i
BB TG, &AL S 70 1 8 AR 2 1]
HH I ( Kashem et al., 2004) . AW 5T o, B 32 W)
W, XS ABKAT i Cu EZELAILL S
AR XAEAE, I A RKAE LW Zn RZLL
WRIRER 25 B A BIE A TR, 8 25 A BDK AR L
) Cu FIXGFEHT A F] - HE b 1y Zn 784 IR S Th T
AR RIS [F] R R A5 4w R KRS b B4
JRIE S AN A g R S Y Co SR T
AFE GFE Y Zn F R T IEOE A BIR S
R FZIEH . I3A, Cu SHEPLRSS G RS9k, 585
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ARV, Zn HUE B IR $h 25 6 B RE 10, X
S B AN [F) E 4 1) M o R 1, AR SO e S T
X— s AW IR R B & FE A HUAL AL B ) 7K A
TR ER A5 A A VR E A A Cu W
SIS Zn 1Y 2 W AR T 55 5 o HLER Ab 3L, B R
LA Zn (W B TR A5 O LR Ab P 3X
2 e T &SP AL 70% 8 Cu,Zn 41
MUAA VLA G R A 456 B MRS I
AAFTE (HE 52955, 20085 XIFK#AAE, 2013) , id M4
SHETCHIEMRR 2, HA HLUIE ) KRS £ iy A A
BB Z552 00 Cu Zn ITE A0 AR R M 538
FXSEE T Cu FELIAMLEE S B MERE SFALE (S
WINEE | 2009; Miller e al., 1986) , 3X J2 Jifi FHl A HL
JEL A BB R 2R 25 A S AR AL 45 575 Cu
P AR A JE DN 1 Zn D) 3R 2 DL AR W 4 A S R
RIREL S A AMIE A AN E & 28 & T
KRG 0 pH, A FI FIRIRERES G4 Zn B9A AL, LUK
AU SR R 455 E AR ZIn (5 SCCAE,
2010) , ISR EE A AN & i AR R4S &
A Zn F B ICHLER il P 3 & 2 A A i T AL
B 124 A5, & &2 AICHLER A SRS 11
Cu.Zn FEHHMIEE M AL S A, H 5%
AR B AL B TC 0 25 5 XS 3R Zn TG
BLERAT AR Zn I8 10 BRI 560 AN EE 4@ HE A K
Fei 5, BT AR 43 A1 ) TE AR E 19 5 1) & J& ( Curiel
et al., 2004; 25, 2009) , X jEH 4R 2T
TR /E I ( MeLaughlin, 2001). 5524+ 45 (2009 ) f #F
FEARMSME T M A R I A RS LS, %
HEASCHRASFORIR EE 2557, Bl 17 Bk |k 45 6
B LGS AA AL, AR 10 A HLES A B,
JKAE A 4R R R TR A AL A LA
RS TR R ENIA BRI E G RMIHEA
TS, KB Cu & & Mol R A 2, BT
[ RE R AC M S PR FRER 45 A 38 Cu T
R IR BB K (p<0.05) |, BRI 25 Bk 4G E Ak 9
AT R OREIR LIRS (R, 2011) .25
R AN 4 I PR A K RS £ b il A2 F)
BEEJRRE FaAT HE M AL LSS
Fis 0] 252 11 B ).

5 &2 (Conclusions)

1) i & & ZEAHUCES i 1 /K #& + pH. it
REHEREAT TR £ A 2GS Cu 5 B I #2608

T KR LA RS Co &8 KA LA Zn 5
i B A & A LA 2 B 389 0 i 1 A X8 2 o
Cu BYA RMEAR T 355 LR AL BE FE 6 Cu Zn 1Y
ARBANE G IE R Zn 594 RE LS 55 5 DO AL R b B
HATH.

2) T B FAEAHUACH ARKAE L Cu Zn 1Y
AR, Cu ZEA PSS & S A BE R, Zn
MTEBRIR L 255 8 A B E R AR Cu Zn
MR R, Cu Zn R RSP R UR  JOHLER
W AIKAE L0 Cu Zn FESCHAS BRI ELZE 5 745 Bk
HAAYE G EMANE S ST ARA

3) BB, B & S A HUAC AL B A B R
HEEE Co P ANRYE G Co &8 LS HS
Zn T EER T A R ICHLER AL B BRIRER 25 5 3 Zn
i W T AR AL A B A HLEE 5 A Cu Zn
HICHLEh A P25 S N 3 B R 12 A A I, s
A UL PR A A Cu & B W38 s T4 &0
PLERAE B, e I 78 & HE A HLAL H Cu i ¥ 15 A 2L
PR

EEREEEN. LS, AR, FENERELEELE
T 46 552 FF % . E-mail: desu@ cau.edu.cn.
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