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1
2 mm 39.4 g/kg 1.2
2.24 g/kg 0.71 g/kg 25.1 g/kg NH,*-N
10.1 mg/kg 20.7 mg/kg 79.6 mg/kg 4 6
Cd2.08 mg/kg Cu236 mg/kg  Zn 1497 mg/kg 48 5 ko( )
pH 7.71 Cd Zn 0.4 mm
(GB 15618-1995)I11 2 3
3 60%
(N)0.24 g/kg
(P205)0.13 g/kg (K;0)0.13 g/kg
(CK) (OCM)1.5¢g
(RSC)1.5¢g (PM)1.5¢g
1
Table 1  Nutrient and heavy metal concentrations of organic amendments tested
(9/kg) (9/kg) (9/kg) (9/kg) (mg/kg) (mg/kg) (mg/kg)
218 0.40 0.79 ND 1.35 8.18
432 60.5 10.2 8.52 0.067 8.01 74.1
269 19.9 19.0 3.19 0.083 33.7 179
<<ND*”
2010 6 28 DTPA
30 pH 7.3  0.005 mol/L DTPA (0.01 mol/L CaCl,, 0.1
48 h 30 mol/L TEA) ( 1 2
4 3
60% 4 1 2]
1.3
2010 8 1 (N)0.163 g/kg Microsoft Office Excel 2003
(P205)0.18 g/kg (K;0)0.12 g/kg SPSS13.0 (LSD P<0.05)
2000 11 20 Pearson
70 2
2 mm 2.1
HNO; HCIO, (3 2) SY63
( Varian SpectrAA 43.6%  395% ZZY1 64.0%  18.4%
220FS Varian 2202) GBWO07603 ( 2 SY63  ZZY1
2 9 )
Table 2 Biomass of rice shoot
SY63 zzY1 SY63 ZzY1 SY63 ZzY1
CK 33.6+29ab 405+29b 16.1+24a 7.44+135Db 49.7+52a 47.9+32b
OoCM 29.3+3.7¢ 424 +22ab 9.08+1.32b 122+04a 38.4+29b 546+19a
RSC 30.9+2.5hc 39.3+4.4b 19.1+2.3a 111+1.3a 50.0+4.0a 504 +4.2ab
PM 36.3+20a 474+17a 9.74+2.00 b 8.81+0.68b 46.1+28a 56.2+1.4a
CK OoCM RSC (P<0.05)
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18.6% 49.2% SY63 ZZY1
ZZY1 Cd 30.5%
Cd Cu Zn 63.9% 43.9%
2.2 49.1% ZZY1 Cd Zn
24.7% 15.7% ZZY1
SY63 Cd 3 SY63
Cu Zn ZZY1 Cd SY63 57.5% ~83.8% Cu
73.5% 52.6% 32.1% 37.8% ~ 69.1% Zn 0.88% ~ 31.7%
Zn ( 1) SY63 3
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Fig. 1 Heavy metal concentrations in brown rice, husk and straw
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( 3 SY63 Cd Cd Zn
141% Cu Zn 10.8% 13.8% Z7Y1 3
Z27Y1 Cu 154% Cd Zn
8.51% 6.03% SY63 Cd Cu 2.3 pH DTPA
Zn 28.7% 37.7% 36.0% ZZY1 SY63 pH
64.3% 42.1% 48.3% SY63 Z7Y1
Cu Zn 6.65% 12.3% ZZY1 pH ( 5) SY63 DTPA
Cd Cu Zn 34.1% 11.0% Cu Zn
32.3% Z7Y1 Cd SY63 DTPA-Cd 7Z7Y1
1.11% ~ 62.8% Zn 23.3% ~ 58.9% DTPA Cd Cu
Zn 27.5% 25.9% 16.5%
62.9% 44.6% 69.7%
4 SY63 Cd Cu 39.3% 37.3% 54.3%
Zn 71.0% 50.5% 13.5% DTPA-Cd SY63 Z7Y1
Z7Y1 Cu Zn SY63 27Y1
Cd Cu Zn 86.4% 71.4% pH DTPA
101% SY63
Cd Z7Y1
SY63 Cd Zn
3 (mg/ )
Table 3  Accumulation of heavy metals in rice shoot
Cd Cu Zn
SY63 Z7ZY1 SY63 Z7Y1 SY63 Z7Y1
CK 0.81+0.03 ab 0.60+0.11b 3.16+0.27a 2.54+0.09b 456+59a 232+4.1a
OCM 092+0.23a 0.55+0.13 b 2.66 +£0.20 a 293+0.15a 39.3+6.3a 21.8+48a
RSC 0.58+0.18 b 0.21+0.03¢c 197+0.46b 1.47+0.29¢c 292+9.2b 12.0+49b
PM 0.81+0.08 ab 0.80+0.05a 295+0.11a 2.82+0.02ab 400+14a 30.7+32a
4
Table 4 Heavy metal content ratio of brown rice to straw
Cd Cu Zn
SY63 Z7Y1 SY63 Z7Y1 SY63 Z7ZY1
CK 0.169 + 0.010 a 0.044 +0.013 b 0.471+0.016 a 0.185+0.015 b 0.037 £ 0.003 b 0.062 + 0.008 b
OCM 0.076 £ 0.023 ¢ 0.074 £0.012 a 0.336 + 0.050 b 0.170 £ 0.010 b 0.032 £ 0.003 b 0.074 +0.018 b
RSC 0.049 + 0.005 d 0.082 + 0.002 a 0.233+0.012¢c 0.317+0.043 a 0.032 +0.003 b 0.125+0.034 a
PM 0.132+£0.003b 0.047 £ 0.001 b 0.452 +0.013 a 0.205+0.011 b 0.054 + 0.004 a 0.063 + 0.005 b
5 pH DTPA
Table 5 Soil pH and DTPA extractable Cd, Cu and Zn concentrations after rice plant harvested
pH DTPA-Cd (mg/kg) DTPA-Cu (mg/kg) DTPA-Zn (mg/kg)
SY63 Z7ZY1 SY63 Z7ZY1 SY63 ZZY1 SY63 Z7ZY1
CK 7.79+0.05a 7.80+0.03b 124+0.10b 0.847+0.232b 73.9+10.0a 60.3+10.7b 102+13a 71.3+16.8b
OCM 763+£004b 7.77+003b 1.27+0.12ab 1.08+0.21ab 79.1+6.8a 759+145ab 112+14a 83.1+13.0b
RSC 7.79+005a 790+0.03a 139+0.10a 138x+0.03a 79.7+x116a 872%21la 108+ 14 a 121+4a
PM 7.75+004a 7.79+0.03b 131+006ab 1.18+0.10ab 726+54a 828+*15a 104+6a 110+9a
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Effects of Different Organic Amendments on Uptake of
Heavy Metals in Rice from Contaminated Soil

ZHOU Li-giang™ 3, YIN Bin*, WU Long-hua?, LUO Yong-ming***

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 2 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China; 3 University of Chinese Academy of Sciences, Beijing 100049, China;
4 Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai, Shandong 264003, China)

Abstract: A pot experiment was carried out to investigate the effects of three organic amendments (organic carbon material,
rapeseed cake and pig manure) on the growth and heavy metal uptake of different rice cultivars, Shanyou 63(SY63) and
Zhongzheyou 1(ZZY1) in a heavy metal mixed contaminated paddy soil. The results showed that ZZY1 was a metal tolerant
cultivar, the heavy metal concentration in brown rice, husk and straw were lower than that of in SY63 cultivar. Compared with
SY63, the concentrations of Cd, Cu and Zn in ZZY1 brown rice decreased by 57.5% — 83.8%, 37.8% — 69.1% and 0.88% —
31.7%, respectively, and resulted in lower food-chain heavy metal risk. Application of rapeseed cake significantly decreased
heavy metal concentration in brown rice of both cultivars. Compared with the control, application of rapeseed cake decreased
concentrations of Cd, Cu and Zn in brown rice of SY63 by 73.5%, 52.6%, 32.1%, and Cd in ZZY1 by 30.5% respectively. This
indicated that growing ZZY1 and applying proper amount of rapeseed cake to heavy metal contaminated paddy soil could
decrease heavy metal concentrations in rice plant and achieve high yield with low food-chain heavy metal risk.

Key words: Organic amendments, Oryza sativa L., Heavy metal, Soil



