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0.02 mm
1 0.02 ~ 0.002 mm < 0.002 mm
1.1 60
(31°24'N  119°41'E) (weighted mean diameter, MWD)
(31°24'N  119°41E) MWD L]
20 60 MWD = Zn:Xix W,
80 60 30 10m4 X (mm)
W, i
(%)
- 15.7°C 1.3.2 (4]
1177 mm 0.15 mm 0.5 000 g( 4 )
1.2 30 ml
2014 6 11 10 ml HF 5 ml HNO; : HCIO,
0~15 cm -1 )
(100°C ) 1 h
3 3 (200 ) 1 h (250 )
5 ml HF
15 cm 5 ml HCI1O,
2 5 ml HNO; 2 ml
4°C HF 25 ml
3
1.3 3 ( )
1.3.1
Stemmer %
2 ~0.2 mm( ) 02~ 1.4
0.02 mm( ) 0.02 ~ 0.002 mm( ) < 14.1
0.002 mm( )4 4°C (16] pH
50 g 5:1 1:25
250 ml —_
( JYD-650) (170 J/ml) NH4F-HCI
5 min 2~0.2 mm NH4OAC
0.2~ 1
F1 IR TIRERMRO ~ 15 cm)
Table 1 Basic properties of studied soil (0—15 cm)
pH(H,0) (uS/em) (g/kg) (g/kg) (mg/kg)
CK 5.20 41.4 25.58 2.18 135.33
5.67 37.77 22.84 1.97 90.33
5.38 39.27 20.17 1.73 85.33
4.86 38.63 24.98 2.22 80.33
4.76 40.7 24.81 2.20 84.33

80 60 30 10m

CK
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14.2 Pb Cd Cd
Cu Zn Pb Cd
Pb Cu Zn 2
(FFAAS TAS-986 China) Cd Pb Cd
(GFAAS Cu
SpectrAA220Z Varian USA) ( 36.62 mg/kg) 30 m
1.4.3 (67.97 ~ 71.93 mg/kg)
(sl Pn={[(Pi Y+ ( 108.71 mg/kg) Zn
(Pi )23 Pi Pi 30 m
( 171.84 ~227.07 mg/kg )
(GB15618—2008) ( V) ( 761.32 mg/kg)
1.5
Microsoft Excel 2003  SPSS 16.0
=+
LSD a=0.05
20
2
Cd
2.1 Pb 2 Pb Cd
Pb Cd Cu Zn Pb Cd
[17] Pb
Pb
Pb () Cd Pb
Cd Pb
*2 FAREERFRKETLIRESESEmekg)MAIGFT IR
Table 2 Concentrations of heavy metals (mg/kg) and Nemero indexes in different soils during wheat and rice seasons
Pb Cd Cu Zn Pb Cd
CK 46.52 £3.54d 2.06 £ 0.28¢ 36.62 £ 0.76¢ 191.15 £28.34b 0 0.07 £ 0.008d 1.6
248.31 £ 16.53¢ 10.02 £ 0.20d 67.97 £3.16b 227.07 £35.42b 0.07 £ 0.02d 2.85+0.05¢ 7.54
431.08 + 3.6b 15.85+0.43¢ 71.93 £8.31b 171.84 £26.56b 0.21 £ 0.04c 3.47£0.15¢ 11.9
463.08 £ 51.03b 19.67 £ 0.61b 69.81 £9.80b 207.01 £41.91b 0.50+£0.01b 8.52+£0.75b 14.69
646.57 £46.99a 40.02 £ 2.34a 108.71 £10.17a 761.32 £37.20a 0.82+0.10a 16.89 £ 1.67a 29.74
Pb Cd Cu Zn Pb Cd
CK 4.22 +0.45¢ 0.35 £ 0.06e 29.84 £ 1.70c 16.23 +£2.20e 0 0.06 £ 0.05d 0.28
345.71 £2.56b 9.43 +£0.52d 83.00 £ 2.00b 193.00 £ 1.74d 0.041 £ 0.004b 0.42+0.07cd 7.19
392.15+7.10b 16.47 + 0.43¢ 85.90 + 1.66b 219.60 £ 4.94c 0.069 £ 0.008b 0.86 £0.12¢ 12.34
480.64 + 7.76a 22.64 £ 0.89b 90.44 £ 1.31b 246.07 £2.89b 0.081 £0.02b 2.04 £0.14b 16.88
555.23 £25.11a 36.60 + 0.66a 119.29 £4.61a 495.85 £ 10.98a 0.166 £ 0.02a 2.89+0.32a 27.15
(P<0.05)
2.2 2 ~0.2 mm
0.2 ~0.02 mm
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23% 29%
14% 0.2 ~0.02 mm
8.6% 8.1%
0.02 ~ 0.002 mm 0.02 ~ 0.002 mm
42.86% 10%
18% 15%
<0.002 mm
22.02% 47%
37% <0.002 mm

2~0.2mm <(<0.002)mm

37 a o CK
<0.2~0.02mm  <0.02 ~0.002 mm 2l bbb ff a® % i
£ 35t %-;- g bb a I
50 ocK =R 3 IR
_ 45 bababab_af 21 = 25} : - o v
* 40 F a > aiq o
< bb ZlilR = 20+t
=l e =
= 30t T1d £ 15t
Y ‘EK(%
\Fl;\ 25 = 10
&
B 201 3t
< 5l o ] o ol oy
B a g 2~0.2 0.2~0.02 0.02~0.002 <0.002
= 10 =22aa B L B A
s r%m{} L HEPBRIRDRL (mm)
0 R S L b B2 KFEZFTIRERIARBRLE A
2~02 0;2N0'024 UO'OZ‘:(V)‘OOZ <0.002 Fig.2 Composition of particle size fractions of paddy soil
LHPRRORATAAE (mm) aggregates in rice season
( MWD
(P<0.05) ) (MWD)
1 NEFHIRFARRERILEN
Fig. 1 Composition of particle size fractions of paddy soil MWD
aggregates in wheat season
MWD
MWD ( 3
2 2~0.2 mm
65% MWD
0201 % U ks
ol 7 & ° . b
r al
— a 03}
a be B
A 012f
= i c
p= 0.2 c
0.08 |-
AF
0.04 0
0 1 1 1 1 l 0 1 1 1 1 I
CK | Il I I\ CK I Il m I\
AN A SR T YRR B A N e A

3 AEEEEERSAMIEARKIENESEZNZN
Fig. 3 MWD of aggregates under different polluted soils
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2
48% 0.02 ~ 0.002 mm
25%
MWD <0.002 mm
MWD
2.3 60r ook
o]
—_ ol
4 2 o
: o
& g
X
4.69 g/kg  7.38 g/kg =
2 ~0.2 mm h
0.2 ~0.02 mm (19.13 g/kg)

(18.91 g/kg) (23.33 g/kg)

(25.51 g/kg)

0.02 ~0.002 mm
0.2 ~0.02 mm
<0.002 mm 2~
0.2 mm
70
oCK
o[
e I
& =ik ol
i = ol
&2 =
g E ab a
= =
it ‘ 2~0.2 ‘ 0.2~0.02 I 0A02~0.002I <0.002 I
LI RARIAR (mm)
4 NEFRIREFHNRATIRARKENHRSE
Fig. 4 Total organic carbon in bulk soil and different size
aggregates of paddy soils in wheat season
5
30.25 g/kg
8.20 g/kg 2 ~0.2 mm
0.2~0.02 mm

0.2~0.02  0.02~0.002  <0.002

Jei 2~0.2
AR AL (mm)

5 KEFRIRENFTIRARKENKSE
Fig. 5 Total organic carbon in bulk soil and different size
aggregates of paddy soils in rice season
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(1

[23-24]
27¢
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og 21
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Fig. 6 Correlation analysis between Nemero index and SOC and MWD of aggregates in different crop seasons
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Effects of Different Heavy Metal Pollution Levels on Soil
Aggregates Composition in a Paddy Soil

ZHANG Yujiao, CHEN Minyao, ZHANG Xuhui', HE Feng, LIU Xiaoyu, BIAN Rongjun,
CHENG Kun, LI Lianqing, PAN Genxing

(Institute of Resources, Ecosystem and Environment for Agriculture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: In order to explore the influences of different heavy metal pollution levels on soil aggregate composition of a

paddy soil, soil samples near the Taihu Lake area in Jiangsu with a wheat-rice rotation under a long-term heavy metal

contamination were collected, and bulk soils were separated into various size fractions of aggregates with low energy dispersion.

The results showed that in wheat season the contents of 2-0.2 mm and 0.2-0.02 mm aggregates decreased significantly, whereas

the contents of 0.02-0.002 mm and <0.002 mm aggregates increased significantly with the increasing of pollution degree of

heavy metals, but it was not happened in rice season because of the different water regime management compared with wheat

season. All the data showed that heavy metal pollution decreased the MWD (mean weight diameter) value of the aggregates in

rice season, which implies that metal pollution could destroy soil aggregation. But there’s no the same trend in wheat season. The

results showed that heavy metal pollution had no significant influences on the content of organic carbon in bulk soil and

aggregates in wheat season, but metal pollution increased the SOC in rice season. The study showed that under heavy metal

pollution, the composition of soil aggregates responses differently in various crop season which may relate with various field

managements.

Key words: Heavy metals pollution; Rice-wheat rotation; Paddy soil; Aggregate size composition; Organic carbon
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