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Effects of Tillage on Distribution of Heavy Metals and Organic Matter Within

Purple Paddy Soil Aggregates

SHI Qiong-bin' , ZHAO Xiu-lan'>* ,CHANG Tong-ju', LU Ji-wen’

(1. Key Laboratory of Eco-Environments in Three Gorges Reservoir Region, Ministry of Education, College of Resources and
Environment, Southwest University, Chongqing 400715, China; 2. Key Laboratory of Agricultural Resources and Environment of
Chongqing, Chongging 400716, China; 3. Chongging Dianjiang Environmental Protection Monitoring Station, Chongging 408300,
China)

Abstract: A long-term experiment was utilized to study the effects of tillage methods on the contents and distribution characteristics of
organic matter and heavy metals (Cu, Zn, Pb, Cd, Fe and Mn) in aggregates with different sizes (including 1-2, 0.25-1, 0. 05-0. 25
mm and <0. 05 mm)in a purple paddy soil under two tillage methods including flooded paddy field (FPF) and paddy-upland rotation
(PR). The relationship between heavy metals and organic matter in soil aggregates was also analyzed. The results showed that the
aggregates of two tillage methods were dominated by 0. 05-0. 25 mm and <0. 05 mm particle size, respectively. The contents of organic
matter in each aggregate decreased with the decrease of aggregate sizes, however, compared to PR, FPF could significantly increase the
contents of organic matter in soils and aggregates. The tillage methods did not significantly affect the contents of heavy metals in soils,
but FPF could enhance the accumulation and distribution of aggregate, organic matter and heavy metals in aggregates with diameters of
1-2 mm and 0.25-1 mm. Correlation analysis found that there was a negative correlation between the contents of heavy metals and
organic matter in soil aggregates, but a positive correlation between the amounts of heavy metal and organic matter accumulated in soil
aggregates. From the slope of the correlation analysis equations, we could found that the sensitivities of heavy metals to the changes of
soil organic matters followed the order of Mn >Zn >Pb > Cu > Fe > Cd under the same tillage. When it came to the same heavy metal ,
it was more sensitive in PR than in FPF.

Key words :tillage method; purple paddy soil; aggregate; organic matter; heavy metal
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Table 1  Particle size distribution of aggregates in purple paddy soil under two tillage methods/%
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40.11% (P <0.01), 1M 0.05 ~0.25 mm Al <0.05
mm SRR A BT Y BT 53 805 BRI T 8. 61%
139.36% (P <0.01) , 3B % HAEAEAN FLAE 2E A AL
JETAE R AR A 3R v ) 43 A 3 5 O 4 48 AT 2R Ak
53 A Y 5 T — L.

40

5

30 F

25+

ik 43 B0 %

PHETT L

LFRAA I+ L1, 12, 13, 14 0 FR &b+ 1 ~2,0.25 ~1, 0.05 ~0.25, <0.05 mm HIRIE; AFE/NGFHE
FR [ —BHE T P AR RS 22 5 8 2, A FRE FREFRTE R — RS R FEE ) X R 22 57 3% (P <0.05), FIA
E1 AHHEARTIEMSHNRTEARChENRSERERENH

Fig. 1 Contents and the mass fraction of organic matter in different size of soil aggregates under two tillage methods
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Fig. 2 Contents of heavy metals in aggregates with different particle sizes in purple paddy soils under two tillage methods
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14.15% . 9.83% . 14.90% Fl 13. 42% , ¥3k i K
S [RIRER I MR K SR A T ESR
FE 1 ~2 mm F10.25 ~ 1 mm () KRLAE AR K 4
1 AR E 4 JBAE <0.05 mm F10.05 ~0.25 mm
AN/ INRLAR A R TR i 43 A
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Table 2 Distribution of heavy metals among soil aggregates with different particle sizes under two tillage methods

2% Wi EVAES KRR R R 537/ %
- X 1~2 mm 0.25~1mm  0.05~0.25mm  <0.05 mm 1~2 mm 0.25~1mm  0.05~0.25 mm <0.05 mm

Fo FPF 0.88+0.08a" 0.97+0.04a  1.02£0.06a  1.05+0.07a  7.74+0.48a  21.35+2.08a 26.23+3.28a  44.68 +1.33a
PR 0.78£0.02b 0.83+0.06b  1.04£0.05a  1.07+0.08a  4.00£0.06b  12.24+0.65b  34.45+0.90b  49.32 +1.89b
i FPF  0.76 +0. 11a 0.92+0.06a  1.19£0.07a  1.01£0.03a  6.68+0.33a  20.04+1.12a 30.43+1.06a  42.85+1.94a
PR 0.61 £0.06b 0.72+0.04b  1.16£0.09a  0.98£0.06a  3.21£0.31b  10.76 £+0.53b  39.61 £+0.76b  46.43 +1.13b
u FPF  0.86 +0.04a 0.93+0.02a  1.14£0.03 1.00£0.07a  7.61£0.47a  20.62+£2.67a 29.23+2.07a  42.54+1.87a
PR 0.60 £0.05b 0.68+0.05b  1.10+0.04 1.06+0.04a  3.12+0.04b  10.21+£1.08b  37.11+0.97b  49.55 £5.34b
m FPF  0.76 +0.05a 0.78£0.03a  0.95+0.12a  1.24£0.05a  6.63+0.4la  17.01 £1.23a 24.25+1.54a 5211 £2. 14a
PR 0.55+0.09b 0.58+0.06b  0.92+0.08a  1.24+0.07a  2.83+0.14b  8.57+0.74b 30.82+1.33b  57.79 +3.84b
- FPF 0.80 0. 11a 0.81+0.05a  1.21£0.09a  1.08+0.06a  6.95+1.46a  17.39+3.73a  30.59%5.98a  45.07 +5.34a
PR 0.72£0.03a 0.67+0.07b  1.00£0.05b  1.14+0.02a  3.72+0.66b  9.97+1.46b 33.35+3.45b  52.96 +6.01b
cd FPF  0.71 +0.04a 0.88+0.08a  1.09+0.07a  1.00£0.06a  6.45+1.22a  19.97+3.59a 29.08 +3.56a  44.57 £2.57a
PR 0.51+0.07b 0.60+0.10b  1.06+0.06a  1.09+0.08a  2.85+0.21b  9.22+1.49b 36.50+1.13b  51.48 +5.65b

1) ARG PR R A — kAR A R B E T2 2257 2.3 (P <0. 05)

3 it

3.1 D O S0 AR [RPREAR A SR AR A1 B 5

S VAT R AR — i 3] 23 S R AT SR A (> 0. 25
mm ) R R ( <0.25 mm) ', HHT, A CHHFF
B P O AP B G B R S BT S AT SR A4

KA sr AR s . EoE R, DR b o] B
P v IR PR R AR A EL A5 ek AT SR AR 1 L A5
fifi 39 A R A RO S5 R 2 RS R, S KR
BAFME, HHEET 1 ~2 mm #10.25 ~ 1 mm ki
1A B AR Y 5T 12 4 B4 =7, 1 0..05 ~ 0,25 mm Al
<0.05 mmPH AR M) BT BUEAR(F£ 1), Xk
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FEET R H A PR SR EERN R
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BB g, TG 178 ML FE 38 SO R i 4%
ZiE T NCRP SN 1 S 11 B 2 (i N ek
AR SR B ERTKBERER L), X 5% M
AR AR, HE K B R A T A LB R
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+HEE LT R — A R AR B IR A
A HAR AR AR A RAR R I 43 A5 AN E Xl 45 B
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A LT LI BARA SR 3 MR TR WL %
JEV i A b, o A R i S RUER. Kabird 457 & B
PRI R AT 3 i P AR A BT 1Y) 75 =43 A
ARG A R AR h A WL B oA, (812 R,
5K BEEVERA L 8 FPAR fil &R A2 AT SR A BIL ST
FrE e (R S AR B LL 0. 25 ~ 1 mm £ 0. 05
~0.25 mm P/ R0AR A SR AR B A, 1 BH X A4S R AR
VISR (A ML 5 5 X B 1 19 B iy B ARk, 48
HRAART 0.05 mm PRPRLES A 194 HLE N FURE
HHLF(POM) , 5 1Rk Fobyki 5 4 0978 ML K
T A A A LT, L AR, AR
FEL RIS, W REAEFK R AE T, A LR
TERIAE >0.05 mm H A B 5341 5390 Ry 74. 26%
M 64.13% R BG FH e T 15. 8% , KU EAIK
b, A ML LL POM JE R AFAE N 3, H B TR 8
IKRRCAE A R T A HLUBAE KRR AR R h LR
P 1 POM 19 & A, BHE TR A HL
FEASTRDRL A A R A v 43 A (9 728 Ak 5 98 P R iAok 4%
ST AR b — . B HLEA/E TR, 1 ~2 mm Al

0.25 ~ 1 mm K74 AR ARA LT T 5 53 B K
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Al HE it ¥ 25 oA + R 4 R AR RO Ak AT
K RTFHHME AR I ESE S ENERE
AR BRI E RGBSR AR, %3
A BRI FT F T, K IUT BRI 0T A e o
f T Cd & Diring %5 B, R R 2
8 Cd F1 Zn SR T H M EEE; Houx 0%
fe iy, EOR-R G EREMRKEEERSE D, K
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F ARSI B SR IBRE 7 U0 1 4w
R 2 2.

WETFTR, T S AR Y i 456 77 =K
ANT] AN [RREAR A SR AR 11 4 i 7 - 3 ROA S5E vh 11
2R S A A S S TR E2E . &R B
FRR BRI 4 J A P SR A v %) 43 A B TSR ARORAR 1Y
P/ IN T HE R 728 A s 5 B AR F 52 BT i i) 6 F
4 JR TC R St PR K SR A =5 Bl o 2 ol A SR A
BEMIME (KR 2), X 5HMAREKEEARKIILER
THIFR AR 3 5 e M RERLA ) | R A A ) A5 e
AT AG 558 v O W B PR B, %o B 4 J 19 2 RN RE 5 A
ST AL PR R RTE + e A TR K,
HEEBEAOEANROE OREHEEREEES
J& = HHAEETR 1 ~2 mm F10.25 ~ 1 mm Kift A
RIKHH Cd, Zn 1 Mn &, DLEOZRARE T ITA 4
& g SRER BRI 3 A ¥ 8 3 v AR AR A 2R
& Cd, Zn F1 Mn 75 5 F1 45 K042 F1 R AR Fe F1 Pb 757
. 0.25~0.05 mm Al <0.05 mm Fif24IC K 1) R
HARBA AL A .2, {H 0. 25 ~0.05 mm £l <0.05
mm FAR 45 TC ZR 0 40 Ai LA B 0 B R AR A
BITHESBICELE 1 ~2 mm F10.25 ~1 mm iz A
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F(P<0.05) 8t 3 (P <0.01) A&, 1 415
PR E 4 e S A ML A e A e S I
FASE , 3 ] BESBRVE T 2% A SR A b B 4 A B i
FIAE WL 4 A 4 ) A S i A 6. 2R 7 R 2 )
FERF A K R 3 R v - Ok P A PR S 4
JE IR 5C B f - e ik & B S A PR S =
[ (14 56 Z2 00 58 i B 06 &R T ks vh 3 4 R
SRR A R AR, [ —HHE
FRF, mERESAVRAEECRMAERLERDN
BPRFEIIH Mn >Zn >Pb > Cu>Fe >Cd, £ 6
P 4 J v, Min X 4 964 LS (4 A8 Ak 5 I e ALK
Cd MR N AR, F—E4&EoR, BB S5H
BT AR B 0% 22 RIS 1 06 AR R B R BUK P58 1
KFHRAT, 22 W H 4 Ja XA BT A 28 T e K 2
FOAE T B FAEAR 0 5 7 B ARURK , 3R] BE S RLF
VB #RiA% SRR G BILS & i e A 0%, W RUBRE
P2 1 ~2 mm 0. 25 ~ 1 mm Rif2 F R H A PR
() 5 s AN E O], g i TR AR A 2R K Cd | Zn
A Mn i, A 48 1) SR R BOM 2 A, BB KOk
A IR A WL B 48 0 & A — Rt
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Table 3 Correlation between heavy metals and organic matter

in aggregates with different particle sizes

P TR
SEkE il S EIIIPSE M AR
r k r k
Fe FPF -0.552% -0.053 0.542° 0.4117
PR -0.869** -0.115 0.959** 1.298
Mn FPF -0.618* -2.917 0.568* 13. 250
PR -0.838** -=5.627 0.954** 38.240
Cu FPF -0.456 -0.058 0.571° 0. 450
PR -0.849** -0.207 0.942** 1.484
In FPF -0.901** -1.227 0.371 2.534
PR -0.791** —1.557 0.889** 9.957
b FPF -0.504* -0.239 0.469 0. 824
PR -0.683** -0.350 0.927** 3.179
cd FPF -0.608* -0.003 0.536" 0.011

PR -0.750* " -0.006  0.957** 0.006

1) # % FI/RTE 0. 01 A B FAHIE, » FIRTE 0. 05 /K I 1 EAH
9%”<14,o.05> =0. 497,’(14,0.01) =0.623

4 Hig

(1) PIREAE D 30, 58 (K i e AT SR AR o i

OB BERLAR AU/ T 3G O, DT SR AA AR AR 4 R A
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AR R R KA ORI (0. 25 ~2 mm) 195
M, TR SRR ( <0. 25 mm) B BT 534K

(2) S KA T R AK T A BLBT & B B kAR
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Zn 1 Mn 1) 35 f5 0 E 4 J A2 HC P i 437
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HorbAy ML 22 A 9 BURAR BE Y Mn > Zn > Pb > Cu

> Fe > Cd, T [F]— G & , K 55 11 b BT A SR A
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