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Influence of heavy metal passive agents on the compost physicochemical
properties during the swine manure composting
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Abstract: In order to study the effects of passive agents and the adding proportion on the change of compost physicochemical properties during the aerobic
composting process, swine manure and corn stalk powder were selected as the raw materials and mixed with different amounts of flyash, discarded
weathered coal or bentonite for 90 days of aerobic composting. The results showed that the pile temperature of all the treatments could rise to nearly 70 °C
quickly and maintained above 55 °C for more than a week. The moisture content gradually reduced with the composting time extension and was around
30% after 90 days composting for all the treatments. Adding fly ash would present a strong alkaline composting environment, while adding bentonite could
significantly increase the compost water soluble salinities and the increase was significantly correlated with the amount of bentonite. The total Cu and Zn
concentration in compost piles were elevated during the composting process, while the percentages of DTPA-extractable Zn and Cu in compost piles
decreased. The Potherb mustard seeds germination rate reached 90% after 90 days composting in the control and weathered coal adding treatment, and the
germination index were above 1.0. While for the bentonite and flyash-adding treatments, after 90 days of composting the germination index were lower
than 0.5 except2.5% and 5.0% treatments. The results implicated that adding passive agents had no notable effect on compost temperature and moisture
content. pH, EC and Potherb mustard roots growth were strongly influenced by the variety and adding proportion of the passive agents, although Cu and
Zn could be stabilized by adding the passive agents during the composting. The passive agent selection and dosage control should be considered in the pig
manure aerobic composting process.

Keywords: swine manure ;aerobic compost ; passive agents ; physicochemical properties

WAL ST IR, B E IR AR X
3R T LR e 2, 3 EORIE R ) Jmy B KA v
MEE R E RO AL, FE RO WX IR R BARE S MRS A

1 5|5 (Introduction)

EEWHE . Pepis g5 H 58 (No. 2010K01-01)

Supported by the Science and Technology Key Project of Shaanxi Province( No.2010K01-01)

TEEREAY: 2R E(1977—) , B Il (1 4/E) , E-mail :rh. lee@ nwsuaf. edu. cn; * BiFYEH (FEEE) , E-mail ; zhangzq58@ 126. com
Biography: LI Ronghua(1977—) ,male, lecturer (Ph. D. candidate) ,E-mail:rh. lee@ nwsuaf. edu. cn; * Corresponding author, E-mail : zhangzq58
@ 126. com



2592 |

¥

2%

& 1 NP A AL S A 3%, 38 A AR (2=
5% ,2009) . 0 H AT E LR TR S
FEfd b G a8 o B IR = (Li et al. |, 2007) 45K
1B HiE A P RE R B L B T K
G5 Y (FRZE4 2011).

SR T U/INEE 4 JE I R AU, AT oY 3R A
HRE ] - Rl TS U8 R A i — e b kL VR 4
JRATALT, LA/ INTE 4 4 AR A S RN R 85 XU
%% ( Lopareva-Pohu et al. , 2011; Tica et al. , 2011;
Zhang et al. , 2011). LA —LL 2 e & B I B &
JEBEAE T AT TRFSE. BN SR R4 (2009 ) K EE
TR E AR R, Zn O AREEAET R 5. 0% A4S
BERENE , Cu M E AR BRI 2. 5% MR JEIK ; ff 384
HHAE (2010) 46 Y, 38 00 AR AE h Cu 1 BRefE AT A
M 7. 5% BYHEHIAT , Zn 1Y AR BEAL R R0 L 6 N
2.5% WIRZE L 5 X T 22 (2008 ) 7ERF 5T 3 Fh il 4 &
Sl AR 700 BN RIS b 491 %ot 4 2% o 4 T Bl AR R A Ry,
H4:JE Cd Pb Al Cr (15 H B Ak 77 S s B 451 43 31
H2.5% WA 7.5% B T7.5% WA DL
FEERFM | BAREIAL I E Zh E 4 B oA R
T BB A A P (EL7E i A o e £ 550 40 % o 481 2R
Mt 10% . 7340, BT AEHEAC o A v HE AR TR B |
K pH FUKEPEER 73 (EC) 25 3L B M 45 A5 2T
Y HERE o3 72 9 F 2248 bn S 4k, ¢ R B HE L A9 5
(Bernal et al. ,2009; #) Fl 7 55, 2009 ; s 7] 3k 55,
2005) . T EL A4 A BIF 9% 56 1 3 AT ook A v o 4 ) i1k
E AN i p =y IR i ue 2 R S e )
TR T R IR

Sk, AR BIF 5 35 R E R I EE 4 D Al R R
TR R A FUX AR, LA BIF 5% 4238 /438 0 Ee 4]
ANHBIL 109% S HEAl , )R 28R EOKFEFEA TR & Wkt
FRIN0% 2.5% \5.0% 7. 5% F1 10% K565,
PEAT 90 d A deg S v TR M AL, 3 2 I S S A A SR
FIKFE pH M EC 4 AR BRI REME L A7 & 2F
RHEZHEEL, RPN Bl Ab 76 2 S A
T AR P R R RN ) B R 5 e, DL RLASAL
T ZEHENE P2 BERIR AR .

2 #RI57FiE (Materials and methods)

PR

TE U 2 BRI 4 AR 2 BEFlOsE 3 04 3 i 4 35 (i
0 SW) I X Ja R i, F2R A% 3 5k K =R
HH (%) KRS FF (IE A8 CS) 2 M i 5 VR S 3. 4
FHR SW: CS(W/W, LT ET)1:2 MHLBNR G, &
Jer ¥ T R N 0% (XTHE SW) 2.5% \5.0% .
7.5% F1 10% P EEALFIB K (FA) KU (WE)
N 4 (BT) 3 &K R 65% ~T70% it K
B MRS, RIEIR G YR RIAE < 1.0 em, 2R 542
100 LIRE PR A B AT i S A
Nas (REAEAF 2011) , ordtb b A Tom il XL gt it
13 AL PR, R — AL BEHE] 90 d. HEATHE]
RHAT B KR, P R B 2 ),
AR VPG b A PRBE 2 2 3 1 5 1 B2 5 KL Ak
TR R DR W e A R T - 4 A A A B
N RN REZE £ HEAEIR A PR e e B LR 1.

2.1

x1 HEERESYWRIBER
Table 1  Properties of composting materials
wh Ak e B L ol . M
/mm /(g-kg™ ) /(gkg™) /(gkgT) /(mg-kg™) /(mg-kg™)

SW 78.89% <2 73.01% 15.13 29.82 8.16 8.37 1175.22 2173.56
cs 10.07% <5 94.18% 1.14 1.14 28.42 6.75 3.27 22.02
FA 0.52% <0.25 AA 0.20 A 3.24 11.67 11.03 66.39
WC 0.12% <1 91.07% 0.06 6.67 8.28 7.78 9.22 13.75
BT 0.08% <0.10 A 1.78 0.01 10.56 9.53 57.03 116.47

2.2 AR E RO AL TR O %

A B P K AR B T F A2 K 900 ,15:00 Al
21:00 55 1k, B EAE R 25 K 0 HE AR IR
B R e 2 R AR, ST 1.3.7. 14,
21.30.45 .60 .75 F190 d SRAE, AU HURE T B0 AL HEAE
A YIRHRES) IR E Z S BFELY 1 kg T EKE
pH Fl EC A 2. HENE 45 0B R A 0 29 700 ¢,

40 CARIEHME T, T 35 B o ek oF 5 35 100 H e e
i, H TR RS ENE KR pH (H TR
(EC) \RZFH(ER) FIFPF & ZF 4850 (GL) B9 & 7
5 0L SCHk (AR AR 25 ,2010) . HEAR T4 Jm B I 58
B, FE A 28 Milestone 1 B 548 T %1 HCI-HNO, IR
MR, H 37 Z-5000 B J5 7 I OGN 5E A
RS H 42 R R DTPA $8 B Je I 5 (i =52 45
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2010). &R SR AME R E 4 KEE. FdEair
% H SPSS19. 0.

3 R (Results)

3.1 EEREEWEAM
FEHENEWI, Rk v 5 43 ik A ALY o A 44
EYIPE T G o i, OF B EEE , 5 SO IR
TREERGE T 2T 70 C |, FF4EHRFTE 55 C LA Lilad—
Jl. SR RV IR K2R R B i K A
i, FEE AR W TR, A7 — IR (35 d)
Je HERE kB 320 2 0 A AT, HE R K T SR A 4
IR EE 2R 2 1. BE i, kAR OR PR 5] B0k, B
BRI, A B B e ok MERR N B T KR A
IR A Y DA B AT, R T 7™ i S I B A 1) R4
L ARIS5F. B 5T 3% B IR AN 5] Lo 49 83 1 i XU Ak
SRS + 5 2 R S R A AR S R A T
LB AR B4 R R 28 6 288 B R M T v M AR
RO AL TG (25 5 . e IR TR ) (A AL T A
PRUE) IR HENE A S Il BE 3K 50 ~ 55 °C DA b 4¢4k

70%

z —o0—SW
—e—25%FA
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» —A—75%FA
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40% |-
30%1111111111111111111
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70% Fif i) /d
60% - & =
ﬁso'l/ \
S —e—sw . :
| —e—25%BT :
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' —o—10.0%BT
3000 111l bbb
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Hif ] /d

X 50%
<

5~7d, & 1E 55 °C VIR 3 d Bims g e E b
PR ([ 7B S 2E B 2 BE A BE TR OF YT
1988). WL, FEACIRIS S5 F T, FE 28 S IR [ gl
AT HE BB 58 423K 31 0 3 A bR o B RLAE
3.2 MEREAKEHT A

AT A HE AR B KR AR AL LR 1. DAL
AT UL MR 1) 5 7K 23t 2 S A ] 174 228 4 17 3% 3 o
I FE— KR BEW] (235 d) , i A B A 3 AR 5 7K
INTE 50% LA L, bifi 5 HEAR &5 7K 3520 M BRI E 28 90
d G55 B K RAE 30% ~40% 2 [6]. B RGN
L B8] ) i T 351 6T M AR 5 7K 2878 Ak 5 i ] D, 9
5 HRE DRI IR 58 157 5% AR 5 7Kk e g A8 Ak T A B
SRS R A DA ) HE AT A 40 A 1 )
K. JUHSRAEHE N B0 A 5 AR R R B B, 5 X R
HEARAH L, MBI A 1) 45 HE R 5 AKOR AR AL A G 55
KBNS, TE 30 d W, W I £ HE R KR A 7
60% e A, H 55 7K 2k Fifi 2 R 10 = FH it 00 1 on i 14 .
T LS X IR A 9% o IR A S8 Ry 8 K ) 45 Ak B8
H B KRBT 55% .

70%
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60% :‘_ - —a—5.0% WC
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—o—10.0% WC
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Fig.1 Change of compost moisture during the composting

3.3 R pH W&

I 13 AEFAHELR pH TR LR 2. A
P2 AT 0L AN [l Ak 500 A 28, X HEAR pH 952 i A
). e RE AL SRS IO IR %) 45 A0 B pHL 1Y

ACITE RN LR A — & W B 3, B 1 % A
B pH FRELREAR I e 4 A2 7E pH 7. 88 LISR, SN
KK iy £ Ab 3 rh pH AR {EAE pH 8.55 ~9.21 1Y
T FBl SN, S A 45 Ak B B SRR AR S



2594 E7 N S S S R 32 %
FhE R IG SO R 3, I i P HERI A5 om0 & W T R Bl S % T AR O R 7E pH
FEETE pH 7.20 ~ 7. 88 M I XA #4540, pH  7.82 ~7.90 Z[H]
10 - 10 —
8—%\\0 8
f——— O 8————0
o B —o—SW fas) B —o0— SW
=gk —e—25%FA =7k —e—25%WC
L —m— 5.0%FA L —m—50%WC
o L —A—75%FA 6 L —A—175%WC
—o— 10.0%FA —o—10.0% WC
5I|I]I|I|I|I|||||||I 5I|l|l|||||l|l|||||l
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
o5 B /d il /d
8
z 7 —e—25%BT
- —m— 50%BT
6 - —Aa— 75%BT
i —o— 10.0%BT
5 T I T [ T Y N S T T I I |
0 10 20 30 40 50 60 70 80 90
Fif ) /d
E2 Kk pH T

Fig.2  Change of pH during the composting
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Fig.3  Change of EC during the composting
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EC T FEEA 2 Ah, HAR i e 491 =22 18] 22 53 A W
. FEMEAC S AR 600301, BRAS N 10. 0% M BE K A 4t
HEC AHX RSN, HoAh & AL B EC 353 5 KA
Y ST () Bt 2 A9 A 0 P B O B4 I 4 . % A 3
A INEZE 45 40 B EC ARt $—3k, H EC
FREERG N, HL3G s 2 i 2 0 5 He 491 4 14
T8 WY d, & M 45 R, EC 4 il ik B 4. 74
mSeem™ 6. 12 mS+ecm™' 7. 10 mS - cm ™' Fl 7. 74
mS-cm ™ A ARALFE S 90 d HEHI 25 At EC AU R
3.74 mS-cm .
3.5 Cu.Zn 2Ef1 DTPA # AL EWN T L
TS5 FR B 525 i P 2 b & A R E Y Cu

A1 Zn ,Tj Cd Pb Cr As F1 Hg PR H | PRI AS 5256
N Cu Zn FENZM. LT Cu Zn 25
F1 DTPA RIS & 52k iR 2 Fron. ik 2 nf
R, it ] B R) B JE A HEAR Cu Zn 4 i 348 T 3
T AEL R 2 HE 1 B[R] A AE 1, DTPA $2 S Cu  Zn I
A7 8 9 D 528 T ek /0N, LR = 4 S B AR R i e
& DTPA $2HU Cu Zn BT (5 1 E 5] B S s A1 A [F)
4 JE Al AL F AT HEAE F DTPA $2HU Cu  Zn FF (5 Y
F Ry sk R AN TR, o Esin 5. 0% FA 2.5% WC
F12.5% BT Y& DTPA-Cu 7 /5 e 541, 5. 0%
FA .10.0% WC 110.0% BT H:{&H DTPA-Zn T
Lb i B A1

K2 AMHEREIGEEESRE DTPA REGHEBHRETL
Table 2 Changes of DTPA-extractable and total Zn and Cu during composting

Zn &/ (mg-kg™')

DTPA-Zn LLf

Cu 24/ (mg-kg™") DTPA-Cu 4l

sl
1d 90 d 1d 90 d 1d 90 d 1d 90 d

SW 739.17 871.78 20.82% 18.89% 393.92 427.83 33.93% 22.29%
2.5% FA 722.77 775.81 19.34% 17.34% 384.58 422.47 36.27% 14.63%
5.0% FA 707.26 747.88 18.74% 15.07% 375.69 414.07 39.47% 8.54%
7.5% FA 692.36 737.88 17.72% 16.96% 367.21 404.08 47.38% 17.70%
10.0% FA 678.04 722.59 18.82% 18.19% 359.11 384.67 45.52% 21.28%
2.5%WC 721.51 791.25 20.02% 17.87% 384.54 424.62 31.92% 7.64%
5.0% WC 705.06 750.99 21.09% 17.00% 375.51 420.82 29.81% 11.87%
7.5% WC 689.03 748.06 20.20% 16.06% 366.91 413.73 22.91% 16.56%
10.0% WC 673.19 739.21 20.95% 14.07% 358.87 390.59 18.62% 16.39%
2.5% BT 724.22 786.93 19.77% 16.68% 385.68 421.76 33.43% 6.96%
5.0% BT 709.48 763.62 18.82% 15.54% 377.92 718.33 29.27% 13.92%
7.5% BT 695.56 755.51 18.02% 13.91% 370.31 405.26 24.53% 11.71%
10.0% BT 682.61 723.47 17.41% 11.11% 363.22 412.75 20.84% 11.92%

3.6 FFAFHRE(CH)FLFR(GR) R

S HENE A & 2R 48 B A AT, AN AT DA
RGN S PR i o 1 % B8 R B T Ll BE T A
PR & . AR GT Al GR B9 A8 {L UL IE] 4.

P P 4 AT 0 i Y Rk i) %) JE | Xof R A 2
PN IURARE R A B RS I XA ARE 1 45 4 B vp | 25 LB
P19 GR MmN, A& 33k 5) 90% L) -, {H GR
Wit 5 493 LB 1 T A — 22 RO BRARS. T AE VN
Rz - B 45 Ab B 25 BLEE AN T 59 GR U3 i AH X
0%, FLE] 90 d HENEAS R, GR ik 80% , H.
GR B2 R A (A8 I B A5 164 i g A1

S3HT G B A Ak, o] DX BEALE7E 90 d HEAR 2%

TR, m3h 1. 10, 18 0 XU ARE %) 45 Ak 2 00) 76 HE e
MYRT 30 d, GL 3EHAEX &S B /S GL B 2 4y
1.0 Zef5. HIRABHEE 00 A R 48 n b A9 =2 18], G 9 A%
A TG S S T T JINOA RE O R 1 - 7 5 Ak
WG BN 1S H & 90 d HEARSS Fm, (VA
2.5%F15.0% WML B GLisE 0.5, H Gl A4
i 25 oy R I R - L 461 P 388 T i R0, 3K 136 P A
W AU SR T XL X T B B A &
FEARTCEREAE F. WS IRy K, B AR X Rl ke 2%
(Y SE IR AR 55, H 23 52 Pl AR A0 388 . 1 s
JREE A= WA 23 52 me - 1 2 2 30 23 52 i -
RAMER.
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4 1% (Discussion)

FEMEAR AR, e A ) B K B — AN EE Y
A (APAREE,2010) . AR 6 b 45 AR 1Y 35 7K R BE
5 i N s ) ) S T S 3 R AT, IR W B 2 67 %
KA ZE 90 d 25 R I 2 30% . sk b e FHE A
MY B, T KU 3R A R H R R LA B ]
Ko, 2z e s HE R TR B, UKo 5 Tl i IR
&K KAWL (kR 2011) . HEA IR BB
Ji , BT HEAE A B b R b FE K 4y, S SO (AR K 43

Change of Potherb mustard ( Ardisiasquamulosa Presl) Gl and GR

RPVHL WA ST (2006 ) AT XS IS e
U SR R OO I B S A AL LA DL, FEEA
() S I 451 P e 70 368 A 55 7 S5 A A 1 5 iy ]
U791 1y vt /AR RS SaPO RS RIS E S VR (s
A LSRN AR IR 1 e DO ] T S A0 40 S A
ARRF K I8 HE 2 A AT A0 390 A 1 e s B B, EL
R B A AT RS g . X2 T
1 LA B BAT B8 B WK I IR RE I k.

Wl I, pH (B AR AR 4 7R HENE A i A e A
EAIZE TEER pH 6 ] G0 AE A R & 4%
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YERT, D2 A0 pH K i R R ARG 23 5% e
AEFZECR &R pH £ 7.5 ~ 8.5 (Bernal et al. ,
2009 ; Rashad et al. ,2010 ; Tumuhairwe et al. ,2009).
A g AN R AR A S X HEAR pH A 52 e A [,
IRINRS I B 25 A B pH B 78 K AE 8. 55 ~9. 21
s, HTHAE pH > 7.5 2 FEA X HK (Bernal
et al. ,2009) , RIS IR AT BEAF T HENE AR
BYORAE. A I i A XA & b B 7E 90d
HeH S5 pH R E7E pH 7. 20 ~7.90 Z [A]. 7E
NI - 25 AL B AT RE A Hy T S o AR v
FHRZE £ AR RN (d < 0.10 mm) |, HAE G 5K
HERERL , A5G DL R HE S0 I AL T 5 At 48
AR PRAR A B A A IR L R A UK B CO, R
Yoot , SRR pH BRI 2 (24745, 2000) ,
LA AR FH Bt 5 12 0 L 1 FH 2 185 o v o 9 38 5 il
JEHENE pH 1Y BT, 2l TAILAEMEYIENT
RAESRELAA A i, 7 AR R B NH 5 S Y
(REOLWI4E 2006 ) ; T HEAL S 9 pH 19 T B2y 1
NH, 44 2 B ELAS Ak B 00 i AL VE ™ A= Kt i
H* | [ LY 0 i 7 A 0 A LR i 8 1 (i %
55,2010 ; B B TA) 9 A4 7R HE AR A, HER ol
BT R IR RO v AR AR HENE S 3] pH AR e 7E 8
2247 (Brito et al. 2008 ; BBARSE,2010). FEERMIAE
SRV JRE % b 3 RT B fh 3 M i o A v A
Jry B AEAN JE T IR AR K W 7 A A LR DA B 2B R
i CO, MR 73 A R SO IR A R | PR T pH
TEMERRA) 3] BEFE FE AR XT 458 /N (Fang et al. ,1999).
WHREER S Fang 55 (1999 ) [a] 15 U IR RS KL K
Samaras 55 (2008 ) 7] 75 U H ¥ 0w I8 K LA K 547
HERE By BIFFE4S RAH—FL.

TEHENE I TS 00k 5 I SR AR 114 45 4 2
t EC S B S NS AR B X T RE S T
ik 22 Ry R R AR RE R HE A 5 3 3k R e A 1Y
INIFTEE N METR 28 B W), BRAR T HEE Y EC (BR
JTERAE 2007 ) 5 U AT g R TR K SRR T
Ykt A AR i 3R 8018 EC FEAR, HIxX
Vi FH B A A3 8 D %) FH B 1 g S A k. e 4 2R
SRR ERAE (2007 ) HIEIN 4. 0% A1 K T3040 BE A A i
HATHENE R 1y EC A2 AH — 3. X BRAL FRFN 7R
T 1= 25 AL 38 EC 238, 2 90 d HEfil 2%
EC 53lli5 %] 4.74 mS+em ™ (6,12 mS+em ™' (7. 10
mS+cm ™ F17.74 mS-em ™', P E TN} R AL FE 90d HE
HIZE /AT AY 3. 74 mS-em ™', & T Garcia £ (1991)

BHEMBAMEY B SREELE (DT 4
mS-cm "), PRGN 4 3 AR EAG VR A Y 35
B, 5 4h, R b b & R EE £ R il
7 (Acosta et al. 2011). ¥&EBERINIEN 45408 EC
B R R SR R R TR o AR IR I+ AR
HA R MK E R 4) , HaX R Ve I BE & I + 5
T L A5 8 o it 1

HERE T FR B YA R] A SR MEAR Cu Zn
S B RN R R o T B M A ] (7 SE
K, B WL CO, FUK I Bl B ik, 5 80k
PR Cu Fl Zn B Wi PS50 (M55 2010 5 5K
H55E,2006) . H B 2 HE S R A B4 DTPA $2 G
Cu Zn FT o5 B4 L A8 D) 528 0 /0N, LR in 2 4 )i i Ak
FJG  HEAR DTPA $2HUAS Cu Zn BT i B9 He 45 B 0
K. R R T TR SR HE PR Ak B R R 4
Ak, R DTPA $2HUA Cu 1 Zn BT (5 Y L 491 0] 7% 347
I/ N (48 54520105 3B E F,2006) . {H DTPA
FEEUS Cu WY ELBIEL Zn BT o5 A9 O, Xt 5 i
FEEE(2010) FIBKANTE 25 (2006 ) BIBFIT 45 R —5 A
Ivi) 4 JE A AL R X HEE o DTPA 42 Cu \Zn T i
1) L8] A2 Ak ) BTRR R AN TR 33K 2 B AN () 2 4 Al
AR HE 4 T 1) Bl A A5 SR PR 4 T B 5 Y
KT H (FE R4 2009 ; ] 388 B 45 2010 5 XI5 5%,
2008). HGAK I #E 1T AF SR NE e/ N s & 2 fiirh
%) T 4 AT S5 78 3 IO e 2 S N 4 ) Bl A ko
HERE T 4 T — B AR AR .

HHEEM T GL Al GR W5 R B, HA T R AL
B GBI , AR TR IB SR KA SRR i 1 +
(AL, GI BTN R 1% U I O IR f =1
GR S A X355, (H AR AR A 38 i, HLA
FEAF B WK IR KR I 2 - % % e 451 £ 1
S g, X — & Samaras 45 (2008 ) [6] 75 I8 FP
TR AR 58 45 A0 — 3. B’ 5 35 Bk
(RN K ZETE A AL BE P S R 7T 3 d R 2F 32
FNFNHI I IRE , 5 Garcia 55 (1991) #HA7 YT A HLE
YrHERE B A 5 485 SRAH EDIE. 3 1T B2 oA Jf Ak AT
ST 1 R 0 T R 1y TR 45 A A A K AR T A
YEH ( Warman ,1999) , il Grigs i XU I b B XUAR
WA By A KA LR ; W] RE A i T7EHENE 1Y
I A T KR B NH, 3 T R TR & 2E T S
(Fang et al. ,1999). SK I 7€ 90 d 1y HE il 72
AR ) B (WO BRI A K S ) A T
R (IEIE ) 2ok S BEEM Tk R



2598 7 A - - nE
HREAR A A A 77 A — s B 30 4 JH (Wong et al.,  2009).
*3 Fi5HRER] Pearson HHX RE
Table 3 Pearson’s correlation coefficient between parameters in experiments

b Ko ~pH  KSF~EC  KA~GI K4~GR  pH ~EC  pH ~GI  pH ~GR  EC ~GI  EC ~GR Gl ~GR

SW +CS 0.8855 "  -0.9195"" -0.9342"" -0.9014"" -0.9392*" -0.9249"* -0.8521"" 0.9699 ** 0.9625 ** 0.9011 **
2.5% FA  -0.2857 -0.2178 -0.8644 " -0.9596 ** 0.3912 0. 4048 0.2946  -0.2710 0.2701 0.8179 **
5.0% FA  -0.7251" 0.2182 -0.9087 ** -0.9726 **  0.0288 0.6131 0.2922 0.3049 0.1322 0.8763 **
7.5% FA  -0.1000 -0.4111 -0.9295 " -0.9905 ** -0.4473 0.2795 0. 0686 0.2213 0. 4480 0.9291 **
10.0% FA 0.2059 -0.8717** -0.8005"" -0.9624 ** -0.3225 0.3658 0.0173 0.5801 0.8370 ** 0.8998 **
2.5%WC 0.6137 0.2544 -0.9220""  -0.9789 "  0.6194 0.7675 -0.5356  -0.1921 0.0934 0.9233 **
5.0% WC 0.5461 0.4094 -0.9419 " -0.9819 ** 0.8958 ** -0.6688 *  -0.4239  -0.5096 -0.3001 0.9054 **
7.5% WC 0.6904 * 0.3903 -0.9430 **  -0.9487 ** 0.8585 " -0.8509 ** -0.5305 -0.5816 -0.1564 0.8341 "
10.0% WC 0.5289 0.5852 -0.9611 " -0.9772"*" 0.9021 **  -0.6766* -0.4109  -0.7359* -0.4454 0.9244 **
2.5% BT 0.3318 -0.9403 **  -0.9883 " -0.9714"" -0.4626 -0.3040 -0.3630 0.9255**  0.9780 " 0.9473 **
5.0% BT  -0.1761 -0.9766 " -0.9702"" -0.9666 " 0.0889 0.3151 0.3100 0.9293 ** 0.9604 ** 0.9616 **
7.5% BT  -0.1100 -0.9952 " -0.9639 " -0.9796 ** 0.1265 0. 0663 0.2322 0.9669 ** 0.9884 ** 0.9699 **
10.0% BT 0. 1345 -0.9911 " -0.8706 " -0.9879** -0.1353 -0.4760 -0.1237 -0.9013 ** 0.9870 ** 0.8806 **

T+ FORTE0.05 KA LFERS, » + FR1E0.01 KFHLFERER.
A R JEA B AL 48 BR ] %) Pearson AHIC 224 AR,

3, & 3 AT, G RE A HE A8 B TR] A A DG
& (A W) 3 4 SR B AR 5, bR 7K 3 ~ GLLUK
53 ~GR .Gl ~ GR Z [AIfF4E B OGN, KA & 48 bn
[] P AF DA 25 S A [ 8 s S R 1 Ak B b, >
PEIRBAN L35 3] 10% B, 7K 5> ~ EC EC ~ GR Z
() A7 2 A DG 5 TS I XAk A 7 45 Ak B v ) >
KALBEZ AN Fe R it 2. 5% B pH ~ EC .pH ~ GI [H]
FETE S AR SC M , H S i m Le i3k 3] 10% B, EC ~
Gl Z B AFAE i AR DG s ZE VS IR = 1) 45 Ak 28
i1, /K% ~EC EC ~ GR \EC ~ GI [A] 3417 7F & & HH %
PR PR, 72 38 AT e A LS It £ 550 1) A7),

5 #5if( Conclusions)

1) FEHENE S R e, W48 ok 06 L XA S8 A )
X HE AR TR 0 728 £ T I S5 TR R TR SR R R AL
AIEXT AR 7 7K AR A2 it N 53 RS i B i)
tfg b — IR R BEIK A K.

2) BIAS[R) b 2 11 5 4 J A 700 % HE AR 1) pH
FEC SEME A I . SRR i + 34 g
HENE 5 26 pH A2 5 MR IO K 25 S B0 AR pH 2
PUAHCSR B s UM £ 2 FEOfE KR BC B, v]
AE LA WA Y - SR Bk KUK

3) Fifi 2 3 il B[] 1) ZE 4K, HEAR Cu A1 Zn U
457 MBS W, 2 DTPA $#2 B Cu Zn
JUT e 1 L A8 D0 32 5 /0, LS i o 4 R B AR R R
HEAR DTPA $2HU Cu Zn BT 5 59 o 51 BH S0 A6 156
A HERE R R 5 o 4 J B AL X E R B 4 B A R AF

4) BRI EBE A JRE RN 1 = X6 5 HLBE A1
KZFAR BRI R X B 55, AR AR A 84 . A&
HEAE PN BRES A 50 A A

EEEEBM K E(1963—), B, H B, T ENE RV E
WE #y F IR AL e 35 AL % B %K. E-mail: zhangzq58 @
126. com.
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