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Table 1 The description of sampling sites
2010 5 2010 5 2010 5 2011 5
48.25°N  126.49°E 47.47°N  126.98°E 45.39°N  126.32°E 45.76°N  127.49°E
(km?) 7126 4667 3112 3861.5
(km?) 2333 2727 1900 1640
(mm) 500 ~ 700 500 ~ 600 410 ~ 520 550 ~ 600
(h) 2 624 2 600 ~ 2 800 2582 2707
2002 67.7 45.0 28.7 26.5
(g/ke)
(a) 40 ~ 60 80 ~ 100 100 ~ 150( ) 100 ~ 150( )
2
2.1
2.1.1
[12]
160 ~ 180 m 1.7% 1
100 ~ 150
[13]
e v 1.20 a
1.00
ab §
o \
3 080p § be \
iﬂ:j 0.60 § §
1.2 % N\
% 040 § §
HCI04-H,S0, 020 \ \
141 Olsen ! N\ \
Chang Jackson 0.00 40~60 l 80~100 ‘ ,IQO,NlSOI IOQNISO I
[15-16] ARy (2l
4 Al-P FFRAFI (a)
Fe-P  O-P( ) Ca-P (
(] 3 P<0.05 )
13 51 FTRAABRERELSHABEL
Fig. 1 Changes of total-P content in black soils from different
Excel 2003 DPS cultivation years
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Fig. 3 Changes of organic-P in black soils from different
cultivation years
2.1.2 (1) 3
80 ~ 100
2 100 ~ 150
ey’ 80 ~ 100 456.04 mg/kg
26.71 mg/kg 40 ~ 60 80 ~
45.3 mg/kg 100~ 100 100~ 150  ( )
150 100 ~ 150 ( ) 100 ~
28.7% 150 ( )
80 ~ 100
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0 I I I 1
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Fig. 2 Changes of available-P in black soils from different
cultivation years
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4
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, , 17.04 mg/kg
, (3) Ca-P 4
, Cay-P Ca-P 31.89 ~ 72.19 mg/kg 4
Cag-P AI-P Fe-P [19] Ca-P “ev?
(201 40 ~ 60 80~ 100
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Al-P  Fe-P
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Chang  Jackson!'>'¢ Ca-P
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221 (23] , Fe-P  O-P
(1)AI-P  Fe-P Fe-P (24
Al-P
Al-P 221 Al-P
43.06 ~ 96.30 mg/kg Fe-P 41.61 ~ 4
136.17 mg/kg( 4) 4 Al-P 5 4
Fe-P 2
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40 ~ 60 80 ~ 100 Al-P ) Ca-P 18.31%
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Al-P Fe-P g 1001 T
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Re 80r
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Fig.4 Changes of various inorganic-P fractions in black soils
from different cultivation years

(2) O-P O-P
(2] 4
O-P
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5 FEFBRBFRETTHBESHEMNES L
Fig. 5 Percentage of various inorganic-P fractions in total
inorganie-P in black soils of different cultivation years

2 FARAABRBFREBLIENBZESESEHFER
Table 2 Order of various inorganic-P fractions in black soils from
different cultivation years

(a)
40 ~ 60 0-P<Ca-P<Al-P<Fe-P
80 ~ 100 O-P<Fe-P<Ca-P<Al-P
100 ~ 150( ) O-P<Fe-P<Ca-P<Al-P
100~ 150( ) 0-P<Ca-P<Al-P<Fe-P
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11.42% Al-P  Fe-P Fe-P
50.12% 47.98% pH
( ) Ca-P Fe-P Al-P
Al-P 30.72% 36.91%
Ca-P 30.00% ~ 33.58%
pH
Fe-P Ca-P

Al-P

223
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100 ~ 150 ( )
Fe-P
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2.3

[25]

Fe-P
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Ca-P
Al-P O-P NaHCO;

®3 AEAABRERBLPENG. TNHIESEEY
T8 B9 4E X R EL
Table 3 The correlation coefficients between organic-P, various
inorganic-P fractions and available-P in black soil from different
cultivation years

Ca-P Al-P Fe-P O-P

0.187 6 0.632 0** 0.682 0** 0.284 3 0.567 9**

n=140 7r0.05= 0.304 ro.01 = 0.393

[26]

50

[10]

[27]

Fe-P

Ca,-P>Al-P>Fe-P>Cag-P>0-P>Ca;(-P

[29]

O-P

[30]

Al-P  Ca-P

20 70

[28]

Al-P  Fe-P



667

O-P
Fe-P>Ca-P>Al-P>
Fe-P>Ca-P>0-P>Al-P
100 ~ 150
Al-P Fe-P O-P
Ca-P

Fe-P>Ca-P>Al-P>0-P
Fe-P>Ca-P>Al-P>0O-P

Ca-P Al-P O-P

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

[11]

1. , 2003: 4
1. , 2006, 24(1): 59-61
1. , 2008, 10(3): 81-83
. 0.
, 2008(8): 54-56
. : 1.
,2009(1): 17-19
, [J1.

, 1998, 36(1): 104-111
Stephen M. Phosphate rock. U.S. geological survey[J].
Mineral Commodity Summaries, 2007, 1: 120-121

. [M]. : R
1998: 220-227
Martina P, Wolf-Anno B, Andeas B. Mineral-nitrogen and
phosphorus leaching from vegetable gardens in Niamey,
Niger[J]. Plant Nutr. Soil Sci., 2011: 47-55, 174

1. , 2002, 33(6): 425-428

5 >

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

[28]

[29]

[30]

1. , 2004, 18(2): 66-70

1. , 2008, 36(5): 151
[D].
, 2008
. M]. , 1980
Chang SC, Jackson ML. Fractionation of soil phos-
phorus[J]. Soil Science., 1957, 84(1): 133-144
Petersen GW, Corey RB. A modified Chang and Jackson
procedur eforroutine fraction of inorganic soil phosphates[J].
Soil Sci. Soc. Am Proc., 1966, 30(3): 563-565
Borling K, Barberis E, Otabbong E. Impack of long-term
inorganic phosphorous fertilization on accumulation,
sorption and release of phosphorus in five Swedish soil
profiles[J]. Nutrient Cycling in Agro-ecosystems, 2004, 69:
11-21
[J. ,2004, 15(11): 2 189-2 194
, 1.

, 2005, 32(1): 75-78

, : ).
, 1996, 2(3): 206-211

. 1 5
1992, 24(1): 61-64
. . [1].
, 1992, 9(1): 80-85
[1. , 1992(3): 1-4
[M]. : ,
1983
[1. ,2013, 24(1): 260-268
1. ,
2010, 27(11): 13-20
[1]. , 2004, 18(3): 86-89
. [J1. 5
2003, 18(1): 4-7
1. ,
2011, 25(1): 121-126
1

, 2005, 42(6): 970-976



668 46

Changes of Phosphorus Contents and Forms in Black Soils
from Different Cultivation Years

GU Si-yu', WANG Ning-juan', CHEN Yuan®, HU Yang', NIE Yan-long', LIU Xiao-bing”"
(1 Northeast Agricultural University, Harbin 150030, China; 2 Northeast Institute of Geography and Agroecology, Chinese
Academy of Sciences, Harbin 150081, China)

Abstract: Phosphorus forms of black soils from different cultivation years in four regions of Heilongjiang Province were
investigated in this paper. Results showed that with the increase in cultivation years the total-P content increased, and the content
of organic phosphorus increased initially and decreased afterwards. However, the content of available-P, Al-P, Fe-P, Ca-P
decreased first and then increased, while O-P content changed slightly. The order of various inorganic-P fractions was
Fe-P>Ca-P>Al-P>0-P; and their change intensity was in the order of Fe-P>Ca-P>O-P>Al-P. For black soils under same
cultivation year differing in erosion severity in Shuangcheng and Binxian counties, the contents of total-P, Al-P, Fe-P, O-P in
eroded Binxian area were higher than those of non-eroded Shuangcheng area, and the contents of available-P and Ca-P in
non-eroded area were greater than those of eroded area. From non-eroded area to eroded area, the change of various inorganic-P
fractions was in the order of Fe-P>Ca-P>Al-P>0O-P while the change intensity was in the order of Fe-P>Ca-P>Al-P>0O-P. A
significant correlation among organic-P, available-P and total-P was found. Ca-P, Al-P and O-P were effective sources of available
phosphorus in these black soils.

Key words: Black soil, Cultivation years, Phosphorus, Space distribution
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