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( 110866)
O-P>Fe-P>Al-P>Ca-P Al-P  Fe-P O-P
Ca-P  AI-P O-P Ca-P Al-P Olsen-P(Y)
Al-P(X;) Fe-P(Xy)
S153 S157.4
[1-2]
(3]
[11-12]
13
[4 10% ~ 25% i
[5]
[6-7] 1
(8] (126°33'E
40% 48°21'N)
2011 10
0~20cm
5 mm
[9-10]
1
F1 HRBELEREBHMER
Table 1 The physical and chemical properties of the black soil tested
pH
(g/em’) (g/ke) (%) (mg/kg) (mg/ke) (mg/kg) (mg/kg)
0.9 5.85 65.89 55.76 20.94 902.20 284 112
(41101256 41471225) (2014054)
* (zhoulilia@163.com)

(1990—) E-mail: 18740022995@163.com
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1.1 (TIP)
20 40 2 2 (APb)
60 80 100 120 mg/kg 20% 30% (FTC) O-P(
40% 50% 60% (W)
KH,PO, F 76.992
30 cm x 20 cm x 10 cm 48.128 Al-P( )
F
102.239 3 Fe-P( ) Ca-P(
)
12 h 12 h
24 h
-10~7°C
3
2
30 01 2 3 5
10 15 20 30 (APb) (FTC)
2012 5 (W)  AO-P
2014 4 (FTC)
1.2 AALI-P AO-P ACa-P ATIP
0.5 mol/L NaHCOs (W) AFe-P
Chang-Jackson 20~ 120 mg/kg 6
[14]
A=a;— ag a; 1 2 3 5 10 15
20 30
mg/kg ag
mg/kg
2
2.1 (FTC)
Fe-P
3 (3] (W) AFe-P
x2 RHHMEE. JRSAEREEXNSERENHTESN
Table 2 Contents of various forms and total inorganic phosphorus and ANOVA statistics of the increase in their absolute contents
APb FTC W
F P F P F P
Al-P 102.239 <0.01 1.153 0.328 1.006 0.405
Fe-P 17.012 <0.01 2.789 <0.01 6.825 <0.01
O-P 48.128 <0.01 4.872 <0.01 1.981 0.098
Ca-P 38.773 <0.01 3.346 <0.01 3.722 <0.01
TIP 76.992 <0.01 5.598 <0.01 1.495 0.204
AAI-P 4.719 <0.01 6.089 <0.01 4.631 <0.01
AFe-P 4.150 <0.01 3.824 <0.01 9.892 <0.01
AO-P 3.275 <0.01 15.040 <0.01 0.970 0.424
ACa-P 1.007 0.414 9.998 <0.01 5.163 <0.01
ATIP 3.002 0.012 24.083 <0.01 2.110 0.080
APb FTC W A F F
P P<0.05 P<0.01
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6.2% 6.5% 0.3%
3
O-P O-P Fe-P AlP
31.70 mg/kg 80 mg/kg Ca-P
60.77 mg/kg 3 Al-P (161
2.18 ~9.05 mg/kg 5.60 mg/kg
Ca-P —0.66 ~ 7.54 mg/kg 3.79 mg/kg
Fe-P —7.88 ~ 6.46 mg/kg
2.15 mg/kg
O-P
41.9% ~ 56.0% O-P O-p
50.2% 52.0% 1.8%
Fe-P 24.2% ~38.8% O-P O-P
30.7% 28.6% 2.2% Fe-P
Al-P 11.5% ~ 15.1% Ca-P Al-P
12.9% Ca-P
4.8% ~ 8.0% Al-P
%3 HMEEENBERSEN L BERANSE
Table 3 Changes of inorganic phosphorus content before and after freezing and thawing
APb w
(mg/ke) Al-P Fe-P O-P Ca-P Al-P Fe-P O-P Ca-P
20 m 2.18 5.58 2.64 6.27 20% m 6.49 6.12 32.47 2.86
FTC, 11.6 38.8 43.0 6.5 FTC, 13.0 32.9 48.7 5.5
FTCs 11.5 38.6 41.9 8.0 FTC;3 12.9 31.3 50.2 5.6
40 m 7.52 0.54 35.67 3.76 30% m 2.2 —-7.88 36.33 —0.66
FTC, 12.6 30.5 51.8 5.0 FTC, 12.6 30.5 50.5 6.4
FTC5 13.0 273 54.4 5.4 FTC; 12.4 27.1 54.6 5.8
60 m 6.47 6.46 17.83 2.91 40% m 6.88 5.27 24.77 7.54
FTC, 13.1 27.7 52.7 6.5 FTC, 14.0 30.1 49.5 6.4
FTCs 13.6 27.4 52.4 6.7 FTC;3 14.2 28.2 50.1 7.5
80 m 3.37 5.44 60.77 2.44 50% m 6.22 3.8 50.64 4.29
FTC, 15.1 26.6 51.8 6.5 FTC, 12.3 31.6 50.1 6.1
FTC5 13.8 242 56.0 6.1 FTC; 12.0 28.2 53.4 6.3
100 m 9.05 -2.65 40.29 4.56 60% m 6.21 3.46 14.31 4.9
FTC, 12.7 30.4 52.1 4.8 FTC, 12.6 28.7 523 6.5
FTCs 13.2 26.5 54.9 5.3 FTC;3 13.0 27.9 51.9 7.3
120 m 5.02 —2.45 33.03 2.77
FTC, 12.3 30.4 49.8 7.6
FTC5 12.3 274 52.7 7.6
APb W Am 30 mg/kg FTCy, FTCs
0 30 %
2.2 Olsne-P

4
Olsne-P

Al-P Fe-P
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Fz4 EBILHBEESS Olsen-P EAIHEEX R
Table 4 The relationship between inorganic phosphorus fractions and Olsen-P in black soil
Al-P Fe-P O-P Ca-P Olsen-P
Al-P 1 0.319™ 0.559" 0.484™ 0.471"
Fe-P 0.243" 0.208™ 0.382"
O-P 1 0.305" 0.347"
Ca-P 1 0.3527
Olsen-P 1
ok P<0.01
Olsne-P Ca-P O-P (Py;=0.088)
Al-P>Fe-P>Ca-P>0O-P Al-P  Fe-P
O-P  Fe,0; Ca-P O-P 5 O-P
Al-P (Py,3;=0.154) Ca-P
Al-P  Fe-P Ca-P (Py4=0.179) Al-P
(Py,41=0.133)
2.3
[17]
Al-P
Ca-P O-P  Fe-P
( 5 Al-P
Al-P

AL-P(Py,=0.275)>Fe-P(Py,=0.245)>Ca-P(Py;=0.179)>0-P

Al-P

R5 BT IHNBEELI Olsen-P HIBEZRRIMABRERI

Table 5 The path coefficients and path chain coefficients of inorganic phosphorus fractions and Olsen-P in black soil

X~ X X—~Y
Xi—Y X,—~Y X5—~Y Xi—Y Yiy
Xi— 0.275 0.078 0.049 0.087 0.471
X 0.088 0.245 0.021 0.037 0.382
X~ 0.154 0.060 0.088 0.055 0.347
Xi— 0.133 0.051 0.027 0.179 0.352
X, AI-P X, FeP X3 O-P X, CaP Y Olsen-P
2.4 Y=0.235X,+0.253X,+0.180X,—17.466(r=0.547)
X X X, Y Ca-P
Xy
Y=0.284X,+0.262X,—16.492(=0.532)
¥Y=0.201X,+ Al-P  Fe-P Olsen-P

0.247X,+0.013X3+0.176X,—17.578(r=0.552)

X X X5 X Y

Olsen-P  Al-P Fe-P 6
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F 6 AEVARMBEINIEEZHET Olsen-P 5 Al-P, Fe-P
Z [E§I B3 5 4R
Table 6 The regression analysis between Olsen-P and Al-P,Fe-P
under different freeze-thaw cycles

FTC, ¥=0.223 X,+0.485 X,-39.439 R*=0.794
FTC, Y=0.402 X,+0.394 X,-43.481 R*=0.761
FTC, Y=0.296 X;+0.354 X,-29.854  R’=0.867
FTC; Y=0.278 X;+0.273 X,~16.046 R*=0.351
FTCs Y=0.296 X+0.261 X,~15.296 R*=0.633
FTCio Y=0.245 X,+0.262 X,-16.566 R*=0.298
FTCys Y=0.407 X,+0.194 X,-13.270 R*=0.592
FTCy ¥=0.521 X;+0.175 X,-6.434 R’=0.844
FTCs ¥=0.277 X;+0.321 X,-25.275 R*=0.988
FTC
6

AL-P(X,) Fe-P(X)

Al-P a=0.021X>+0.228 R*=0.923
Fe-P =-0.028X>+0.149 R*=0.835
c=-0.104X*+ 3.486X - 36.994 R’=0.775
Y =(0.021.X*+0.228)X,—
(0.028X°-0.149)X>,—(0.104X°—3.486.X+36.994)

Y X X, Al-P
X, Fe-P a Al-P b
Fe-P c
3
O-P
Al-P Ca-P Fe-P
O-P>Fe-P>
Al-P>Ca-P
(FTC) AAI-P AO-P ACa-P  ATIP
(W) AFe-P

Al-P(Py;=0.275)>Fe-P(Py,=0.245)>
Ca-P(Py,=0.179)>0-P(Py;=0.088) Al-P Fe-P
Olsen-P Al-P(X;) Fe-P(Xy)
Y=aX,;+bX,—c¢c

AL-P(X,) Fe-P(X)
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Classification and Efficiency of Inorganic Phosphorus in Black
Soil Under Freezing and Thawing Conditions

QIAO Siyu, ZHOU Lili", FAN Haoming, JIA Yanfeng, WU Min
(College of Water Conservancy, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: The freezing and thawing action is an important factor affecting the form and transformation of soil inorganic
phosphorus, which is an essential element of ecosystem. In order to examine the changes of inorganic phosphorus fractions and
their efficiency under freezing and thawing conditions, a black soil was selected, and the inorganic phosphorus fractions and their
efficiency were measured with the method of Chang-Jackson under indoor simulation conditions. The results showed that the
absolute contents of inorganic phosphorus fractions increased generally after freezing-thawing, while the relative content of
inorganic phosphorus did not change significantly. The contents of inorganic phosphorus fractions followed the order: O-P>
Fe-P>Al-P>Ca-P. Correlation analysis and path analysis indicated that Al-P and Fe-P were the available phosphorus source and
affected the content of soil available phosphorus directly; while O-P, Ca-P and Al-P had larger coefficient of size chain, indicating
that O-P and Ca-P indirectly affect the available phosphorus content through their interactions with AI-P. A good linear
relationship was observed between Olsen-P(Y) and Al-P (X)) and Fe-P (X5).

Key words: Freezing-thawing cycles; Black soil; Inorganic phosphorus; Fractions; Efficiency



