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Form Tendency and Bio-availability Dynamics of Cu and Zn in Different Farm

Soils After Application of Organic Fertilizer of Livestock and Poultry Manures
SHANG He-ping, LI Yang, ZHANG Tao, SU De-chun”

(College of Resources and Environment Sciences, China Agricultural University, Beijing 100193, China)

Abstract: Soil incubation experiments were conducted with different sources of manures containing heavy metals to evaluate the
bioavailability of heavy metals (Cu and Zn) and their form transformation in different soils. This study may assist in developing
strategies to ascertain the loads of heavy metals which entered into soils together with manures, and promote policies to evaluate the
ecological risk in agriculture soils. The results showed that, during the six months of soil incubation, the pH value of acidic soil
increased and the pH value of calcareous soil reduced. After adding chicken manures, the contents of available Cu in both calcareous
and acid soils were significant lower than those in the equivalent inorganic salt treatments, but there was no significant difference
between the treatments in the contents of available Zn in both calcareous and acid soils. Furthermore, there were also no significant
differences between pig matures and the equivalent inorganic salt treatments in the contents of available Cu and Zn in both calcareous
and acid soils. The results of form tendency showed that the main forms of Cu and Zn in both calcareous and acid soils, which entered
into soils together with manures, were exchangeable, carbonate, Fe-Mn oxides, and organic. And the proportions of different heavy
metals species in calcareous and acid soils were different with different manures sources. After six months of incubation, the contents of
exchangeable and Fe-Mn oxides Cu, Zn were lower than those in the equivalent inorganic salt treatments, the contents of organics Cu
and Zn were higher than those in the equivalent inorganic salt treatments, and other Cu and Zn forms in soils showed no difference with
inorganic salt treatments.
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Table 1 Basic chemical properties and Cu, Zn contents of the test soil and organic manure fertilizers

i pH L/ g kg ™! Cu/mg-kg ! Zn/mg-kg !
A K 7.23 18.1 22.9 68.0
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Table 2 An improved Tessier sequential extraction method
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Fig. 1 Dynamics of soil pH after application of different amounts of manure and inorganic salt
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Fig. 2 Dynamics of EDTA extractable Cu concentration in calcareous and acidic soil after

application of different amounts of manure and inorganic salt
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Fig. 3 Dynamics of EDTA extractable Zn concentration in calcareous and acidic soil

after application of different amounts of manure and inorganic salt
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Table 3 Change of Cu form in different soil after application of chicken manure and inorganic salt/mg-kg ™!

o5 3 FRHE L R
WBHEIAMA 54e8/% e M Hek/% HBFHRI1AH St/ WEOAA HER/%
CK 0.3524" 1.54 0.136e 0.59 0.053d 0.16 0.200¢ 0.61
JF2% 0.507b 2.07 0.315d 1.28 0.144c 0.42 0.280b 0.82
T JF5% 0.704a 2.62 0.472b 1.76 0.381a 1.05 0.480a 1.33
2% 0.432c 1.76 0.408¢c 1.66 0.221b 0.65 0.232ch 0.68
JY5% 0.488ch 1.82 0.520a 1.93 0.355a 0.98 0.264b 0.73
CK 0.311b 1.36 0.180c 0.79 0.0560d 0.17 0.880c 2.7
JF2% 0.620a 2.53 0.328bc 1.34 0.112cd 0.33 0.250¢ 0.73
RIRER 25 A3 JF5% 0.695a 2.59 0.683a 2.54 0.240ch 0.66 0.215¢ 0.6
2% 0.503ba 2.05 0.372c 1.52 0.269b 0.79 0.335b 0.98
IY5% 0.580a 2.16 0.424a 1.58 0.568a 1.57 0.475a 1.31
CK 1.57¢ 6.86 0.665¢ 2.9 0.450d 1.38 0.225¢ 0.69
JF2% 1.26¢ 5.14 0.795¢ 3.24 0.825¢ 2.42 1.01ch 2.97
LR R IESREE JF5% 1.36¢ 5.07 0.925¢ 3.44 0.982¢ 2.72 1.01ch 2.8
2% 2.14b 8.72 1.80b 7.32 1.19b 3.49 0.682¢ 2
JY5% 3.35a 12.5 2.59a 9.61 2.40a 6.64 1.37a 3.8
CK 0.782¢ 3.41 0.810c 3.54 1.09d 3.34 0.710¢ 2.18
JF2% 1.26bc 5.14 1.40b 5.72 1.59de 4.68 1.17b 3.45
AHURZE AR JF5% 2. 14a 7.97 2.19a 8.15 2.66b 7.36 1.43ba 3.96
2% 1.21ba 4.94 1.55b 6.33 2.10ba 6.17 1.14b 3.35
1Y5% 1.75ba 6.52 2.38a 8.86 3.67a 10.2 1.68a 4.66
CK 19.9 6.8 21.1 92.2 31 95 30.6 93.8
JF2%  20.9 85.1 21.7 88.4 31.4 92.2 31.3 92
TR IF5% 22 81.8 22.6 84.1 31.9 88.2 33 91.3
2%  20.3 82.5 20.4 83.2 30.3 88.9 31.7 93
IY5%  20.7 77 21 78 29.1 80.6 32.3 89.5
1) [Rl—3 v A RS 320 0] Rl — B A )t g, TR F R R 227 8% (P <0.05) , N
T4 BEMEHEFNLEDYN Cu ERRLEAWEERSETNL /mg-kg ™!
Table 4  Change of Cu form in different soil after application of pig manure and inorganic salt/mg-kg -1
WA e RN - PR+ 4
CORFIAA A4eRE/e ¥EEReAMNH SeR/e HIIAH LdeR/% HFReMNH LR/ %
CK 0.352d 1.54 0.136¢ 0.59 0.053d 0.16 0.200c 0.61
7F2% 0.320d 1.18 0.675b 2.49 0.770¢ 2.1 0.0900d 0.25
T ZF5% 0.973a 2.94 0.944a 2.86 1.51a 3.57 0.180c 0.43
ZY2% 0.560c¢ 2.07 0.651b 2.4 0.770¢ 2.1 0.410b 1.12
ZY5% 0.731b 2.21 0.923a 2.79 0.980b 2.32 0.730a 1.73
CK 0.311c 1.36 0. 180e 0.79 0.0560¢ 0.17 0.880a 2.7
ZF2% 0.255¢ 0.94 0.352d 1.3 0.950b 2.6 0.460c 1.26
RIRER 25 A3 7ZF5% 0.679b 2.05 0.712b 2.15 2.29a 5.42 0.730b 1.73
ZY2% 0. 644b 2.38 0.480c 1.77 1.28b 3.5 0.510¢ 1.39
ZY5% 1.51a 4.58 1.03a 3.12 2.68a 6.34 0.950a 2.25
CK 1.57d 6.86 0.665d 2.9 0.450e 1.38 0.225¢ 0.69
7F2% 2.51c¢ 9.27 1.78¢ 6.57 2.31d 6.31 0.940a 2.57
LRk IESEEE 7ZF5% 3.87b 11.7 2.78b 8.41 4.09b 9.67 1.01a 2.39
ZY2% 2.93¢ 10.8 2. 12¢ 7.83 3.06¢ 8.36 0.910a 2.49
ZY5% 5.71a 17.3 3.91a 11.8 4.74a 11.2 1.0la 2.39
CK 0.782¢ 3.41 0.810c 3.54 1.09d 3.34 0.710¢ 2.18
ZF2% 1.85b 6.83 1.81b 6.68 3.42¢ 9.35 1.88bc 5.14
AHRZ AR 7F5% 2.56a 7.75 3.20a 9.68 6.38a 15.1 3.70a 8.75
ZY2% 1.36¢ch 5.02 1.88b 6.94 2.85¢ 7.79 1.57¢ 4.29
ZY5% 1.79b 5.42 3.0la 9.11 4.93b 11.7 2.96ba 7
CK 19.9 6.8 21.1 92.2 31 95 30.59 93.8
ZF2% 22.1 81.8 22.5 83 29.1 79.6 33.2 90.8
FRIAS ZF5% 25 75.5 25.4 76.9 28 66.3 36.7 86.7
7Y2% 21.6 79.7 21.9 81.1 28.6 78.2 33.2 90.7
7ZY5% 23.3 70.5 24.2 73.2 29 68.5 36.6 86.6
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Table 5 Change of Zn form in different soil after application of chicken manure and inorganic salt/mg-kg ™!

o5 3 FRHE L R
BHFEIAA HeR/% ¥BEReMH H4E/% RFEIAH Lek/% ¥WFE6ANHA Haw/%
CK 0. 980c¢ 1.44 0.610e 0. 900 3.69d 3.24 2.77e 2.43
JF2% 5.30b 3.43 2.45¢ 1.58 11.7¢ 5.84 13. 5¢ 6.76
A IF5% 10. 8a 3.88 5.93a 2.13 12. lc 3.75 11.4d 3.53
2% 5.55b 3.59 1.75d 1.13 22.2b 11.1 17.9b 8.98
JY5% 11.3a 4.05 3.45h 1.24 29.7a 9.22 23.0a 7.14
CK 3.28e 4.82 2. 64d 3.88 1. 62d 1.42 4.13d 3.62
JF2% 22.4d 14.5 22.2b 14. 4 21.2b 10. 6 29. 0b 14.5
RIRERZE B 75 JF5% 29.2b 10.5 31. 6a 11.4 27. 1a 8.41 44. 4a 13.8
1Y2% 23. 8¢ 15.4 20. I¢ 13.0 13. 8¢ 6. 89 16. 2¢ 8.10
IY5% 30. 5a 11.0 30. 8a 11.1 21.7b 6.73 30. 0b 9.33
CK 12. 3¢ 18. 1 12. 6d 18.5 10. 3e 9. 00 11. 6e 10.2
JF2% 35.6b 23.0 37.7¢ 24.4 40. 5¢ 20.3 31.7¢ 15.9
P EMIEE AT JF5% 54.3a 19.5 52.2b 18.8 57.7a 17.9 39.9a 12.4
2% 34.5b 22.3 40. 6¢ 26.3 33.0d 16.5 29.7d 14.9
JY5% 52.5a 18.9 56.9a 20.4 52.6b 16.3 37.3b 11.6
CK 1.26d 1.85 2.95d 4.34 3.53¢ 3.10 5. 04de 4.42
JF2% 2.93¢ 1.90 6.22¢ 4.02 5.85b 2.93 8.95¢ 4.48
FHURZ AR JF5% 5.83a 2.09 10. 5b 3.78 9.90a 3.07 13.3a 4.11
2% 2.39¢ 1.55 6.63¢ 4.29 5.94b 2.97 7.29d 3.65
JY5% 4. 60b 1.65 12. 6a 4.53 9.18a 2.85 10.9b 3.39
CK 50.2 73.8 49.2 72.4 94.9 83.3 90. 5 79.4
JF2% 88.4 57.1 86. 0 55.7 121 60. 4 117 58.4
RS JF5%  178.2 64.0 178. 64.0 215 66.9 213 66.2
2% 88.4 57.2 85.5 55.3 125 62.5 129 64.4
5% 179 64.5 175 62.7 209 64.9 221 68.6

K 6 N1 P LSRR S rh it HIAS [R] £
FEME S5 Zn TOHLERS 1 A A A6 A A i 2 A+
Boh &IBS Zn S RANS A Zn W LLH]. PE

WA K R AR 2SR S B Zn EALER 1
ANHIBE, A3 | BRIRER A58 SRR ALY
I IEER!

ZEE

aia

Zn B 7 b 4 Zn FEBIHEN, 3
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Table 6 Change of Zn form in different soil after application of pig manure and inorganic salt/mg-kg ~

1

o5 3 FRHE L R
WBHERIANA 54e8/% e M Hek/% HFRI1AH St WEAA HER/%
CK 0.980d 1.44 0.610b 0.9 3.69ch 3.24 2.77¢ 2.43
ZF2% 2.00ch 2.6 0.580b 0.75 2.96¢ 2.43 0.580d 0.48
TR 7F5% 2.19b 2.44 0.950b 1.06 2. l4c 1.60 0.170d 0.13
ZY2% 1.96¢ 2.55 0. 680b 0.88 5.31b 4.35 5.90b 4.84
7Y5% 2.71a 3.02 1.47a 1.64 9.88a 7.40 11.3a 8.44
CK 3.28d 4.82 2.64d 3.88 1.62d 1.42 4.13b 3.62
7F2% 5.84c 7.59 5.80¢ 7.54 4.93¢ 4.04 4.38b 3.59
REREL 45 5745 ZF5% 9.79b 10.9 10.3a 11.5 7.83a 5.87 8.33a 6.24
7Y2% 6.44c 8.37 5.59¢ 7.27 2.42d 1.98 3.11b 2.55
ZY5% 11.0a 12.3 8.99h 10 6.37b 4.77 4.17b 3.13
CK 12.3d 18.1 12.6e 18.5 10. 3¢ 9 11.6e 10.2
ZF2% 15.3c 19.9 15.8d 20.5 14.5b 11.89 17.8¢c 14.56
P A AT 7F5% 19.6b 21.9 20.3b 22.7 19.8a 14.85 23.4a 17.50
ZY2% 15.9¢ 20.6 18.5¢ 24 14.0b 11.43 15.3d 12.57
7Y5% 22.1a 24.7 24.7a 27.5 17.9a 13.45 20.2b 15.15
CK 1.26b 1.85 2.95d 4.34 3.53b 3.1 5.04a 4.42
7F2% 1.73ba 2.25 3.31c 4.3 4.55a 3.73 6.07a 4.98
AR AR 7F5% 1.77ba 1.98 3.80b 4.24 4.22ba 3.16 6.32a 4.74
ZY2% 1.46b 1.9 3.88b 5.05 3.90ba 3.20 5.81a 4.76
7Y5% 2.34a 2.61 4.63a 5.17 4.41a 3.31 5.74a 4.30
CK 50.2 73.8 49.2 72.4 94.9 83.3 90.5 79.4
7F2% 52 67.7 51.5 66.9 95.1 77.92 93.2 76.40
TR 7F5% 56.3 62.8 54.2 60.5 99.4 74.52 95.3 71.39
7Y2% 51.2 66.6 48.3 62.8 96. 4 79.03 91.8 75.28
7Y5% 51.4 57.4 49.9 55.6 94.8 71.07 92.0 68.99
3 Wi Cu. Zn AR EAIGLR, XHEP B &

AT 3 b i 4 e 1) AR A R S A R
SRR 7 it BT i 22 A M L AR AR A R A R
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