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Effect of long-term application of organic fertilizer on
Cu Zn Fe Mn and Cd in soil and brown rice
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Abstract A long-term fertilization experiment designed to have five application treatments of same rates of N P K

with or without incorporation of different organic fertilizers to the field was carried out to determine the effects of these
treatments on the concentrations of Cu Zn Fe Mn and Cd in soil and brown rice. Results showed that soil total Cu

7n and Cd concentrations in the treatments with incorporation of rice straws NPKS 2 folds rice straws NPKS2  Chi-
nese milk vetch NPKG and pig manure NPKM were higher than those in the treatment with only application of N P
and K fertilizer NPK . Compared with the treatment NPK soil total Cu Zn and Cd in the treatment NPKM increased
by 53.6% 23.6% and 406.2% respectively however no significant difference was observed from each other in to-
tal soil Fe and Mn concentrations. Likewise long-term application of organic fertilizers increased available soil Cu Zn
and Cd in the treatments NPKS NPKS2 NPKG and NPKM. Especially for the NPKM treatment available soil Cu Zn
and Cd concentrations significantly increased by 335.9% 320.8% and 421.4% respectively compared with the
treatment NPK. The Cd concentrations in brown rice in the treatments NPKS NPKS2 NPKG and NPKM were higher
than the upper limit > 0.20 mg/kg of the National Standard for Food Hygiene for Rice Cd concentration. In order to

guarantee food safety much attention should be paid to long-term application of organic fertilizer such as animal manure
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to the field.
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20

90
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1
1.1
1989
1785 mm 17.8°C > 10C 5528°C
Oryza sativa L.
2006 5
1 NPK 2
NPKS 3
2 NPKS2 4
NPKG 5
NPKM 3 30 m?
N 120 kg/hm’ 61.6
kg/hm?
P,05 172 kg/hm? K,0 180
kg/hm?
25000 kg/hm’
2500 kg/hm? NPKS  NPKS2
3800 kg/hm’ 7600
kg/hm?
1
1.2
0—15
cm 9

1 1989 —2006 mg/kg
Table 1 Mean contents of Cu Zn Fe Mn and Cd in organic fertilizers applied in this experiment during 1989 -2006
Organic fertilizer Cu Fe Mn Cd
Rice straw 3.7 49.6 225.0 467.0 0.97
Chinese milk vetch 26.7 112.0 267.0 183.0 1.79
Pig manure 502.0 563.0 1416.0 367.0 4.65
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2 mm

0.149 mm 2
2.1
70C 2
NPK
0.25 mm pH
1.3 pH 0.32
pH oM NPK
t Cu Zn Fe pH
Mn Pb Cd HNO; —-HCIO, -HF pH
HNO, —HCIO, 1 pH 13
0.1 mol/L HCl 10:1 pH ™
2h 12 pH
Hitachi 180—80 Cu Zn Fe
Mn Cd Cd pH
NH4H, PO, 0.3%
NPK NPKS NPKS2 NPKG
NPKM 9.1% 13.6%
14.6% 16.3% NPKG ~ NPKM
2% NPK p <0.05
15% V/V HNO4
NPK NPKS NPKS2 NPKG ~ NPKM
GBW07401 GBW07402 8.8% 18.5% 20.9%
GBW10010 GBW10015 16.3% NPK p <0.05
SPSS 11.5 p <0.05
8 NPK
- p <0.05 12 mg/kg
Word
2
Table 2 Effect of treatments on nutrient contents of soil
pH oM Avail. N Avail. P Avail. K
Treatment 1 mol/L KCl
g'kg mg/ kg
NPK 4.38 a 13.90 b 72.36 b 10.56 ¢ 123.37 a
NPKS 4.36 ab 15.17 ab 78.75 a 13.64 be 125.02 a
NPKS2 4.13 ab 15.79 ab 85.75 a 19.06 ab 128.69 a
NPKG 4.06 b 15.93 a 87.50 a 14.89 be 125.02 a
NPKM 4.30 ab 16.17 a 84.00 a 24.42 a 139.72 a
Note S— Rice straw  S2—2 Double amounts of rice straw  G— Chinese milk vetch Astragalus sinicus L. ~ M—
Pig manure. p< 0.05 Different letters followed by values in a column mean significant difference at p < 0.05.
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120 mg/kg 16 54.9%

2.2 NPK
NPKS NPKS2 NPKG  NPKM
1.7% 4.7% 4.0% 23.4%

3 3
100 mg/kg
17
NPK
3 mg/kg
Table 3 Total soil Cu Zn Fe Mmn and Cd concentrations in various fertilization treatments
Treatment Cu /n Fe Mn Cd
NPK 24.8 ¢ 64.2 ¢ 3.52x10% a 121 a 0.16 d
NPKS 27.0b 65.3 ¢ 3.44% 10% a 122 a 0.18 cd
NPKS2 28.4 b 67.2 b 3.30x 10* a 122 a 0.22 ¢
NPKG 27.5b 66.8 be 3.43x 10 a 118 a 0.31b
NPKM 38.1a 79.2 a 3.46x 10* a 121 a 0.81 a
19 21-22
3
23
NPK 12.5%

37.5% 53.8% 406%

2.3

NPK < NPKS < NPKS2 < NPKG <
NPKM NPK NPKS NPKS2 NPKG ~ NPKM
15% 23% 46%
335%

16 NPK
NPKS NPKS2  NPKG 4
2.1~4.0 mg/kg NPKM
6 mg/kg

2 4 NPK NPKS NPKS2 NPKG  NPKM
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4 mg/kg
Table 4 Available soil Cu Zn Fe Mn Cd concentrations in various fertilization treatments
Treatment Cu Zn Fe Mn Cd

NPK 2.23d 1.78 d 803 b 13.70 a 0.14 ¢

NPKS 2.56 be 2.00 cd 919 a 14.36 a 0.16 be

NPKS2 2.75 be 2.88 b 916 a 13.50 a 0.19b

NPKG 3.26 b 2.34 ¢ 940 a 9.41 b 0.31b

NPKM 9.72 a 7.49 a 933 a 13.03 a 0.73 a

12.4% 61.8% 421.4%
31.5% 31.5%  320.8%
2.4
© NPK NPKS NPKS2 NPKG 5 5
4 1.6 ~3.0 mg/kg 4.85~5.72 mg/kg 6.32~7.61 mg/kg
NPKM
> 5.0 mg/kg 21.57~23.65 mg/kg NPK  NPKG
4 NPK NPKS NPKS2 NPK NPKS NPKS2 NPKM
NPKG NPKM NPK
14.4% 14.1% 17.1% 16%
p <0.05 NPK
NPKS NPKS NPKS2 NPKG NPKM 4
NPKG 0.29 0.40 0.64 1.44 mg/kg
31% NPKG pH > 0.2 mg/kg NPK
pH NPKS NPKS2 NPKG  NPKM
81.3% 150% 300%  800%
3

4 5 4

NPKM > NPKG > NPKS2 > NPKS > NPK NPK 86 %
NPKS NPKS2 NPKG ~ NPKM
14.2% 35.7% 122.4%
5 mg/kg
Table 5 Concentrations of Cu Zn Fe Mn and Cd in brown rice in various fertilization treatments
Treatment Cu Zn Fe Mn Cd

NPK 485 a 23.65a 7.41 a 7.50 b 0.16 d

NPKS 5.72 a 22.50 ab 7.61 a 8.9 a 0.29 ¢

NPKS2 4.93 a 22.29 ab 6.32 a 9.07 a 0.40 ¢

NPKG 5.5l a 21.57 b 6.95 a 8.64 a 0.64 b

NPKM 5.33 a 22.03 ab 6.46 a 8.22 ab 1.44 a

pH

Cd
Y = 1.865X + 0.068 R%adj = 0.902 SE =
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