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Table 1 Nutrient and heavy metal concentrations of organic amendments tested
(g/kg) N(g/kg) P(g/kg) K(g/kg) Cd(mg/kg) Cu(mg/kg) Zn(mg/kg)
218 0.40 Nd 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
K 15.7 g/kg P 6.04 mg/kg K 73.3 mg/kg pH7.0~74 10%
Cd 3.78 mg/kg Cu217mg/kg  Zn 993 mg/kg 2 500 r/min 10 min
pH 7.75 Cd Zn
(GB15618-1995) 4
2 MDA SOD CAT POD
MDA
(MDA)
3 1 TBA (SOD) 1
2011 ml SOD 50% SOD
7 (Control) SOD (POD)
5.95 g/kg(OCM1) 11.9 37°C 1 g
g/kg(OCM2) 3.0 g/kg(RSC1) POD (CAT)
6.0 g/kg(RSC2) 4.82 g/kg(PM1) 1 pmol H,0,
9.63 g/kg(PM2) 4 28 CAT
1 HNO; : HCIO4 (VA =3 :
N 0.36 g/kg 2) ( Varian
P20;042 glkg K.00.33 glkg 2~7 SpectrAA 220FS Varian 220Z)
! GBW07603
1.5 kg( 0.4 mm [14]
60% 1.3
Excel 2003  SPSS 13.0
LSD (a =0.05)
30 48 h 30 2
2011 6 5 6 30
3 1 21
8 23 (N) 0.12 g/kg
1.2 1 Control OCM
2011 9 16 SPDA
( TYS-3N (SPAD ) PM1
YMIJ-A ) 3cm PM2
( 2) RSC OCM
20 mmol/L Na,EDTA Control
20 min RSC2 OCM2 RSC1 OCMI1
70°C 44.0% 30.3% 17.4%
0.15 mm 14.5% PM2 18.8% OCMI RSC2
OCM2 Control
(m(g)/v(mD)1 - 9 0.1 mol/L 155% 25.5%  29.9%
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Fig. 1 Effects of organic amendments on chlorophyll SPAD values and flag leaf areas
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Fig. 2 Effects of organic amendments on soluble protein contents in rice roots and flag leaves
MDA PM2 Control 11.7% 12.6%
3 MDA 21.6% 36.9%  43.7% POD
Control PM MDA Control OCM1 COM2 RSC2
RSC OCM2 PM1 PM2 POD 9.3% 27.2% 31.5%
MDA 59.4% 53.1% RSC2 OCM2 PM2 POD 6.1%
18.5% 449% RSC1  RSC2 MDA 4.0% 3.3% CAT
15.6% 31.3% 15.3% 51.8% PM1 OCM2 RSC2 OCMI RSC1 CAT
(SOD POD CAT) Control 157.6% 100.0% 79.8%
4 SOD PM2 69.6% 40.9% OCM2 RSC1 CAT
OoCM2 SOD Control 190.6% 143.8%
PM2 PM2 RSC2 PMI SOD 2.2
Control 52.1% 273% 17.6%
OCM1 RSClI OCM2 25.8% 26.7% 2 Control
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Fig.3 Effects of organic amendments on MDA contents in rice roots and flag leaves
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Fig. 4 Effects of organic amendments on antioxidant enzyme activities in rice roots and flag leaves

F2 BHYRIAEAKEEYMERN(g/E)
Table 2  Effects of organic amendments on biomass at initial stage
of panicle emerging

&3 AHYIHXIATERKFEEK Zn, Cd
IRERIZIE (mg/kg)
Table 3  Effects of organic amendments on concentrations of Zn and
Cd in rice shoots at initial stage of panicle emerging

Control 6.78 £0.16 cd 425+1.7d 492+1.7d
OCM1 6.04 £ 0.43 de 452+45cd 513+4.7cd
OCM2 490+0.11¢ 256+18e¢ 305+1.8¢
RSCI 1099 £ 1.55a 624+19a 734+2.6a
RSC2 7.78 £0.96 be 48.4+4.7 bc 56.1+£5.6b

PM1 7.65+0.71 be 498+1.6b 574+15b
PM2 8.83+1.12b 45.6+0.8 cd 545+ 1.5bc
P<0.05
30.2% OCM2 27.7% RSC1 PMI1
RSC2 46.8% 17.2%
13.9% OCM2 39.8%
oCM2
OCM2 PM2
OoCM1
2.3
3 Zn Cd
Control OCM2 Zn
Cd RSC2 OCM1 0OCM2

Zn Cd
Control  397+55a 138+3a 284+46a 256+043a
OCM1 276+20bc 138+21a 15.6+4.7bc 1.91+0.23a
OCM2 226 +4 ¢ 110+7Db 11.8+0.5¢ 1.10+0.24b
RSC1 321+43b 124+ 14ab 19.1+43bc 2.13£035a
RSC2 292+40bc 102+22b 11.7+1.4c 097+0.26b
PM1 279+41bc 117+9ab 22.0+84ab 2.25+0.64a
PM2 228 £29 ¢ 65+14c 159+44bc 091+£0.27Db
RSC1 RSC2 PM1 PM2 Zn 30.5%
43.1% 19.1% 26.4% 29.7% 42.6% Cd
45.1% 58.5% 32.7% 58.8% 22.5% 44.0%
Zn Cd Control
OCM2 RSC2 PM2 Zn Cd
Zn 20.3% 26.1% 52.9% Cd
57% 62.1% 64.5% Zn Cd
RSC1 OCM2 (
4) Control RSCI1 Zn Cd
31.4% 12.9% OCM2 PM2 7n
54.0%  41.5% OCM1 OCM2 RSC2
PM2 Cd 39.4% 71.5% 54.3%
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41.1% /n Cd
[11,20]
(RSC) (PM)
F 4 BHNYRITIETEAKIEERK Zn, Cd
HESMEM (mg/#)
Table 4 Effects of organic amendments on accumulations of Zn and SOD SOD
Cd in rice roots at initial stage of panicle emerging POD CAT CAT
Zn Cd CAT H,0,
POD [21]
Control 2.68b 5.85b 8.53b 0.193ab 0.109ab 0.302 a CAT PM1
OCM1 1.67d 6.24b 792b 0.095cd 0.087b 0.183b
CAT POD
OCM2 1.11¢ 281c¢c 392c¢c 0.058d 0.028c 0.086¢ 1 CAT POD
RSC1 348 a 7.73a 11.21a 0.209a 0.132a 0.341a Contro
RSC2 2.27c¢ 494b 7.22b 0.090cd 0.048 ¢ 0.138 be
PM1 2.12 ¢ 5.82b 7.94b 0.164ab 0.113ab 0.277 a MDA
PM2  1.99cd 299¢ 4.99c 0.137bc 0.04lc 0.178b MDA
(221 RSC
3 MDA
PM
20% ~ 40% MDA 3
[15]
SPAD
[ (OCM) SPAD
OoCM2
MDA Control
[9] 3
C/N
RSC MDA
[17]
PM
[9]
Control RSC2 PM2
(ROS) ROS ROS Control
ROS RSC1
¥l SOD POD  CAT ROS (24
Cd Zn
ROS Zn Cd
(05) (OH) Zn Cd Zn
(H20,) 0, SOD cd
H,0, CAT POD H,0!"
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Effects of Different Organic Amendments on Antioxidant Enzyme
Activities and Heavy Metal Uptakes of a Low Grain Cd Accumulation
Rice Cultivar at Initial Stage of Panicle Emerging

. . . . *
ZHOU Li-qiang"*?, WU Long-hua®*, LUO Yong-ming”*, YIN Bin'

(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 antioxidant enzyme activities in roots, flag leaves and heavy metal uptakes of a low grain Cd
accumulation rice cultivar at a heavy metal mixed contaminated paddy soil. The results showed that at initial stage of panicle
emerging, application of higher rate mixed organic carbon material inhibited the growth of rice, and reduced antioxidant enzymes
activities of rice roots. Application of rapeseed cake and pig manure significantly increased the biomass, and decreased Zn and Cd
concentration in roots and straws. Application of rapeseed cake increased antioxidant enzyme activities of rice, and pig manure
resulted in premature senility from initial stage of panicle emerging. As compared with the control, application of rapeseed cake
increased biomass by 14.0% — 49.2%, decreased melondialdehyde (MDA) content by 15.6% — 31.3% and 15.3% — 51.8% in roots
and flag leaves, increased catalase (CAT) activity by 40.9% — 79.8% and 9.0% — 143.8%, respectively. Concentrations of Zn in
roots and straws decreased 19.1% — 26.4% and 10.1% — 26.1%, Cd decreased 32.7% — 58.8% and 16.8 — 62.1%, respectively.
Application of pig manure increased biomass by 10.8% — 16.7%, increased MDA content by 53.1% — 59.4% and 18.5% — 44.9%
in roots and flag leaves. Concentrations of Zn in roots and straws decreased 29.7% — 42.6% and 15.2% — 52.9%, Cd decreased
22.5% — 44.0% and 12.1% — 64.5%, respectively.

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



