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Table 1  Properties of the two animal manures
NaOH-EDTA NaOH
pH 8.49 8.13 EDTA Ca-P
(g/kg) 536.0 413.0 NaOH-EDTA
(g/kg) 295.8 430.8 o)
(g/kg) 17.19 7.43 2
C/P 31 56 NaOH-EDTA
NaHCO;-P(g/kg) 5.19 3.98 87% 779
NaHCO;-P/ (%) 30.2 53.6 o 0
NaHCO;-P 0.5 mol/L NaHCO; (pH 8.5) _— 48%-~66%
( 1:20) NaHCO;-P/
NaHCO;-P
% 2 NaOH-EDTA RRELWESHEDEWMIIERILR
30 Table 2 Comparison of total P determined by H,SO4-HC1O4 and
g NaOH-EDTA extractable P fractions in manures and soil samples
4cm  8cm NaOH-EDTA
60% Parafilm (g/kg) (%)
(g/kg)
17.19 14.95 87
25°C 7.43 5.70 77
PM500/0 1.56 0.95 61
CM500/250 1.88 1.09 58
1.3 CM500/0 1.58 0.92 58
P250 1.24 0.73 59
7] CK 0.98 0.48 48
H,S04-HCIO,4 120 PM500/250  1.80 1.18 66
10 120 3Ip_NMR PM500/0 1.52 1.00 65
B3] CM500/250 1.89 1.13 60
0.25 mol/L NaOH + 0.05 mol/L CM500/0 157 0.94 60
EDTA 1:20 20°C P250 1.12 0.65 58
16h 10000 g 30 min 100 mg CK 0.98 0.48 49
1 ml 1 mol/L NaOH + 0.1 ml D,O
Bruker(Billerica, MA)Avance 400 MHz 2.2
1 S'P-NMR
5 ml
H,S0,-HCIO, 6.6 ppm 4.0~6.0
1.4 ppm ( 595 5.07 4.67 4.53
SPSS 16.0 Excel 2003 344 -6-
) 2.5ppm  —2.0 ppm (
) [6,13]
( (%) = (
_ ) 3
><100%) MestReNova 8.0 JIP-NMR
NaOH-EDTA 65.6% 86.1%
NaOH-EDTA 33.3%
3 11.6% NaOH-EDTA
1.2% 2.3% Turner!"”
2
2.1 NaOH-EDTA !
( 595 5.07 4.67 4.53 ppm)

2 NaOH-EDTA
H,S0,4-HCl1O,4
H,S0,4-HCIO,
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6.64

9 8§ 7 6 5 4 3 2 1 0 -1 =2
WEAES (ppm)

1 fiRZEAEE 'P-NMR Eit

Fig. 1 Solution*'P  NMR spectra of the two manure samples

* 3 WK ZERN NaOH-EDTA EEE AR ASH
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Table 3 Phosphorus functional classes and percentage(%)of the
total P in NaOH-EDTA extracts of the two manures by solution
3P.NMR spectra

(%) 65.6 86.1

(%) 33.3 11.6

(%) 1.2 2.3

[11,14-15]

2.3
2 10 3Ip.NMR
10
[91
3 120 3SIP.NMR
10
4
10
120

90.5% 90%
7.7% 7.5%
1.8% 2.5%
PM500/250
PM500/0 6.9%
7.5%

10d

PM500/250
PM500/0
CM500/250
CMS500/0
P250

CK

90 80 70 60 50 40 3.0 20 1.0 0.0 -1.0-2.0-3.0
24375 (ppm)

2 HEAE 10 REH#LHES Y'P-NMR EiZ
Fig.2 Solution *'P-NMR spectra of the calcareous soil after
fertilization for 10 days

120d

PM500/250
PM500/0
CM500/250

AN AN A AN NI\ e o e/ oo APt N

CM500/0

90 80 7.0 60 50 40 3.0 20 1.0 0.0 -1.0-2.0-3.0
L0 (ppm)
3 AR 120 RAEHEEAY YP-NMR EiZ

Fig. 3 Solution *'P-NMR spectra of the calcareous soil after
fertilization for 120 days

CM500/250 CM500/0
15.3% 7.3% 11.8%
3.4% 3.5% 3.8%
PM500/250 CM500/250
PM500/0 CM500/0
4
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[16]

C/P 2
2
Azeez  Van Averbeke!'”)
C/P
C/P Qiu U
(6.1 4 120
[11]
[11-12,15] 120

% 4 HAEE#HLT NaOH-EDTA RIERDP IS
RHES
Table 4 Phosphorus functional classes and percentage(%) of the
total P in NaOH-EDTA extracts of the calcareous soil after
fertilization

(%) (%) (%)
10d 1204 10d 120d 10d 120d
PM500/250 860 929 140 71 ND ND
PM500/0 814 889 186 1.1 ND ND
CM500/250 973 820 27 145 ND 35
CM500/0 884 811 102 136 14 52

P250 100 90.0 ND 7.5 ND 2.5
CK 100 90.5 ND 77 ND 1.8
ND
2.4
4
10
NaHCO;-P
30.2% 53.6% 1
10 46.8% 120 17.1%
(P 0.05)
CM500/250 CM500/0
10 46.1% 44.9% 120
34.9% 40.1%(P  0.05)

PM500/250 (P 0.05)
PM500/0 (P 0.05) 10
17.8% 120 26.4%

Azeez  Van Averbeke!'”
Qiu [18]

3IP.NMR

60
— 10 S SN 120 d

a a a
b by
a0} X

20} b b

AT R o HERLE Y LB (%)

v v C; & 2
sy, 2 sy, » s, 0 47500/0 <50
0 90

bR
( ( P<0.05
)
4 TEREAREIREXE T BEWHES ST
Fig. 4 Effects of fertilization during different time on available P in
calcareous soil
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Transformation of Phosphorus Forms in Calcareous Soils with
Manure Application

XING Lu'?, WANG Huo-yan', CHEN Yu-dong'?, ZHOU Jian-min'"

(1 State Key Laboratory of Soil and Sustainable Agriculture(Institute of Soil Science, Chinese Academy of Sciences), Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Manure application is an important management practice to improve soil fertility. In order to understand the
phosphate chemistry in manure-amended calcareous soil, the extractant of NaOH-EDTA and *'P nuclear magnetic
resonance(’*'P-NMR )spectroscopy were conducted to study and compare phosphorus forms and contents in poultry manure, cattle
manure and manure-amended soils. Moreover, effects of manure application on soil available phosphorus were also investigated.
The results showed that large percentage of the phosphorus in manure was in the inorganic form. The two manures differed in
their P composition. Much more phytate was detected in poultry manure compared with cattle manure. Application of manure
changed the organic phosphorus forms in soil. Additionally, transformation of phosphorus forms in soils was observed with
incubation time. Content of orthophosphate monoester such as phytate decreased while orthophosphate diesters such as nucleic
acid increased obviously. With incubation time, the content of soil available phosphorus increased in poultry manure treatment
while it declined in cattle manure treatment. Different variations of soil available phosphorus after manure application might be
the synthesis results of phosphorus fixation-precipitation, mineralization and immobilization.

Key words: Manure, *'P nuclear magnetic resonance, Organic phosphorus, Available phosphorus, Calcareous soil



