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Abstract: [ Objectives ] Long-term fertilization affects soil phosphorus (P) fraction and availability. The change

of soil P and P fractions contents and the availability of soil P under long-term different fertilization were
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investigated, which will offer scientific support for P management in the black soil. [ Methods ] The used long-
term fertilization experiment was started in 1990 on a black soil in Gongzhuling City, Jilin Province. The cropping
system was continues mono maize. The selected four treatments included no fertilizer (CK), applying urea and
potash sulfate (NK), applying urea, super-calcium phosphate and potash sulfate (NPK), and NPK plus pig manure
(NPKM). For the three chemical fertilizer treatments, the corresponding inputs were N 165 kg/hm’, P 36 kg/hm’
and K 68 kg/hm’. The pig manure input was 21 t/hm’, and the N—P—K input were 165-75-145 kg/hm’. Soil
samples were collected for every five years (1990, 1995, 2000, 2005 and 2010). Using the Hedley sequential
extraction method, the total P and Olsen-P and P fraction contents were measured, and the soil P activation
coefficient(PAC) was calculated. [ Results ] With the extension of the experimental years, the soil total P and
Olsen-P contents and PAC in treatments of CK and NK displayed downward trends, while those in NPK and
NPKM showed upward trends. Compared with the beginning samples, the soil total P and Olsen-P contents and
PAC in NPKM treatment were respectively increased by 88.47%, 12.98 and 6.42 times; and those were decreased
by 15.12% and 32.67%, 33.47% in CK and by 12.57%, 52.49% and 2.55% in NK treatment; and the Olsen-P
contents and PAC were respectively increased by 1.65 and 2.67 times, and the total P contents were not
significantly increased in NPK. The inorganic P was increased significantly in NPK and NPKM treatments, while
the organic P was not. The inorganic P was the main fraction of soil P in black soil, accounting for
80.53%—90.43% of the total P. Mid-liable P was the main fraction in the P pool of black soil, and accounted for
50.37%—55.06% of the total P, while labile P fraction accounted for 7.61%—19.02%. The ratio of labile P fraction
in total P, especially in inorganic P, was increased significantly in NPK and NPKM treatments. Resin-P, NaHCO:-
Pi, NaOH-Pi, Conc. HCI-Pi, Residual-P contents were decreased in CK and NK treatments, Resin-P, NaHCO,-P1,
NaOH-Pi, Dil. HCI-Pi contents were increased and Conc. HCI-Pi, Residual-P contents were decreased in NPK
treatment, all inorganic P fractions were increased in NPKM treatment. The variation of Olsen-P was significantly
correlated with the contents of Resin-P, NaHCO,-Pi, NaOH-Pi, Conc. HCI-Po, and the coefficient was 0.972,
0.665, 0.860 and 0.605 in turn. [ Conclusions ] Long-term combined application of NPK fertilizers plus manure
not only has caused the significant increase of total P, Olsen-P contents, but also increased the ratio of labile P to
inorganic P, and increased the availability of soil P. Therefore, the combined application of NPK and manure is
recommended for the effective improvement of P fertility in black soil.

Key words: long-term fertilization; black soil; phosphorus fraction; P availability

BERAEY A KT EIROURY, YA KA
B A AR S A B Y A R A
XHVEY B AR o3, T BBV E B R T
FAE T IEABERE S i TAER R BRAC A 25 2 i
BAR, KREH 75%~85% Mz LER IS RTE
e PR I R HE S Y R S R O AN D
R, MZGD AR BER . I, dnfiri
iy e S R R ) A R LA R W A R P SR - BRI e
FBENE AT HA AR R

Al - SR 7 4 A ) 450 O A 1 2
 BENE A R E 2R, BT HIERHR M1
AR I A R E A R, R
WSRO . RS (WM ERE T A
VL) . B YA AL S L RS
B, RIS Z S IR FAL R RY ., i Hedley

FEH VORI Tiessen MBI YE SR 43k 1R 42
9 FIAFDESRIBE, 2 mAhit R g REsr -,
Resin-P #l NaHCO,-P (Pi + Po) G PEE s, Al 94t
MM, &SR E By, FONTEPES
#§1, NaOH-P (Pi + Po) Al HCI {22/ Dil.HCI-
Pi A SE S A e . RUAR A5 1 P D) 2 A A A R R
FRA R gD, W ERFR I 21 Cone HCI-P (Pi +
Po) Fil Residual-P — 454 M ARMERAEY I, RN
R ASuE, NN TN G 58 S b i
FEE G —E R KRS K ) Bt L A 32 5
HMT NaHCO,-Pi. NaOH-Pi fll HCI-Pi TCHL#E &
i, KIS LRI LIC R Z 3480 T NaHCO,-P
F1 NaOH-P A3 HILICALBE & 500, 1K A B e 28 I 3
Hn T A4 b NaOH-Pi & &, FE{X T Residual-P %%
w7 R ELE 6 AFfb LS, NaOH-P, HCI-



6 1Y) B, . KA HIICHUAC RS2 5 2 4 8l A G b R 5 1681

Pi Fl Residual-P & 4P (g EZBHIES, 1AM, A
[F] - 33 it NE 452 X - SRR R 285 5 8 250 14 i 1 A, A
fE—E2 50, BHAET, KWARICE AT -1k
WA K HA AR w5, RALER LXK
TR R, A R, E A
BHE, SIEFZEARE X, MEZNREZ S
A B AR T AT T R K E 71
56 (1990 4FH-4R), R Hedley LRI, ot T
AN Al NEASE 2T 2 g b &R A W Y o S ARy
i, WFFRAMEBEIE AR+ 5 05 A 5 A 3wk
AHE R, MBS AR

1 MRS IE

1.1 RIEXEER

R (IR AR 75 M 2 e T B AR B
Bt 2 2 A AR 7 RN R AL 25 4 0 s A iR 50 3 b
(124°48'34"E, 43°30'23"N), ZXMHAFH, ik
S 220m, J& T RBEEZFERAMEX, U, 4
FIEREK, BREMEMR, FHRKEHR 590.7 mm,
FEAEPLE 4~9 AEWARK S, FERK 4~5C,
AERUR 2800°C, TN EMAIE A BT S
PO - ARUTARY o 10 X Al 382 (0—20 cm)
IFEAPE Tl . A LR 22.80 g/kg. 4% 1.40 g/kg .
4 0.60 g/kg. 428 23.80 mg/kg. AR 11.80 mg/kg .
B A 190 mg/kg . A 1.20 g/em?®, pH 7.60,
1.2 R

K 7RG 46 T 1990 45, 3k Fo A~ LYy g 4F
£ (1990, 1995, 2000, 2005 12010 4F), PUAAS[H]
TEREALBE . AHEALXSIE (CK), %, #FAE (NK), “F
M. B, S0 (NPK), AR + APLIE (NPKM),
W AREL, BN/NZHIBRE, TRANCE S W
Beps, HE/NXEEHLHES], B4/NX B 400 m?,

1.0000 g +-#f Soil sample

F B PRI AR W P 3% Resin-adsorbed P extracted by de-ionized

A2 RERE 0B B0 IE 43 1) S PR 2R L 3k B9 1R 65 R A 1R
B OTA I AL B A IR FE AR, AR A AL
NEALHR A AL A AEEE, Hrpry €. N. P ALK 5543
B R BUAR 5 P A LB 3R 433 (1999) &, 4F
i FH 270 23 t/hm* (B & 2208 0.18%), £ AbHEHE
PR L 1. AR AE R HIUAE 43 47 3 Fh i — U 1 it
Ao BEAIEY N ERESE, —F—Z, ERGNMTE
1990—1993 4E HFFE 13, 1994—1996 4F Ky B
222, 1997—2005 A7 #1209, 2005—2010 4 F#R
958, T4 ARIEM, 9 ARNUGR, HHMHEIT5
— A, 10 HRH “S” JBAT SUREE 5~7 &4
RS, MRS, TR AT AR A
®1 TELEL. BRS®ERE
(N-P-K, kg/hm?)

Table 1 Amount of inorganic and organic fertilizer dosage
in each treatment
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CK 0-0-0
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P» Residual-P
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Fig. 1 Sequential extraction of soil phosphorus
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Fig. 2 Dynamics of soil total P, available P content and PAC in black soil under long-term fertilization
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Fig. 3 The ratio of each P fraction tototal P in black soil under long-term fertilization
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Fig. 4 The ratio of P fraction in inorganic or organic P contents in black soil under long-term fertilization
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Different letters above the bars indicate significant difference among the treatments at the 0.05 level.]
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Fig. 5 Contents of inorganic P fractions in black soil after different fertilization years in each treatment
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Fig. 6 The content of organic P fractions in black soil under different fertilization treatment years
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AResidual-P (-0.165), VUF#IEZ (Resin-P,
NaHCO,-Pi, NaOH-Pi, Dil.HCI-Pi) 2 [f]tL7F7EH ik
FAHCNE

3 g

3.1 KEATREMEARE R IR A R T HFER

b A R R S Bk - LW BE ) 1 E B AR R

HoA 8 00 m R AR B W K-, 52 e AL
PEBTE, HARAR, MEALRBLCISE AN, Kt

W REY, AHEELAALEE (CK. NK) 52w
FIAG 0 & 2 AR RS . X h ANt il I Ak
Hih, RSB EZORA MR, EYHE e
IR EE S I, peAh, ASREERmEOK .
R AE BT B R BEBG , TTD T A B R
AR & o BRLLAE SRS KRS L, Bl
G B L BRI R AR AL AL T
IEETERA R Fri, IR T AR S,

S0 8 N S Y P e R A Y i, AL
PLECHE (NPKM) I 4 35 5 5 0 A R K e 20
AR B F W], NPKM Ab P (14 + 3841l FiA &k
W 20 )2 BATi AL AT (NPK) 19 1.99 1511 5.38 1% .
PRI A5 R, K NPKM Ab3 Y 1
Fb it AL AF B A AL B B R Olsen-P 4, X W] HE
R THER By (B 7), 8T a8k
S, ZRSCH NPKM A 3 e it AE A7 R A 388 o, 43
B BEVIRES (& 7), BLAMEHLIEHLEDIE (NPKM) &b
B MU AE 53 2ok B vb = 26 B LR 1T 3% b 1
AYWBER, R S AR S R, A HL
JE e K Ak A 400 3 3 R X W 2 I R A, v
I X T D R AR R, AR T T Tl P R A
[ g g1, (AR B KAE b, NPK B g &%
W A 0 3 T NPKM AL Bl o 7K 5
R X IR A BRI RIEE R, SAKIR 25 A
B, X AT BERY IR R WK A4 T R i A LA
fiff 3 S AR R, G T A 4 RS )
B E, W55 T A HUIEXS 30 B et

WG 1L R AL (PAC) A 3B 5 W 2 b, RAE
BER AR, WERBEE, TRk A
L, TR RBOHRAL, KA R EE S kA, 2

x2 TRBAUBMTUESERSHELENMBEXM
Table 2 Relationship between Olsen-P and different P fractions

Y4y TotILA L 53 Inorganic P fraction A HLABELLS) Organic P fraction
Fraction Resin-P  NaHCO,-Pi NaOH-Pi DilLHCI-Pi Conc.HCI-Pi Residual-P ~ NaHCO;-Po  NaOH-Po  Conc.HCI-Po
NaHCO;-Pi 0.632%*
NaOH-Pi 0.852%*  (.837%*
Dil.HCI-Pi 0.778%*  0.935%* 0.875%*
Conc.HCI-Pi 0.103 0.561% 0.272 0.535%
Residual-P -0.202 0.119 —0.297 0.021 0.296
NaHCO,-Po 0.249 0.049 0.401 0.077 —0.402 —0.340
NaOH-Po —0.049 0.001 -0.038  —0.112 —0.599* 0.129 0.132
Conc.HCI-Po 0.552%  0.495*% 0.557*  0.407 —0.016 —0.112 0.146 0.250
Olsen-P 0.972%*  0.665%* 0.860%*  0.814%* 0.177 —0.165 0.262 -0.040 0.605%

# (Note) :

*—P <0.05; **—P <0.01.
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Fig. 7 The balances of phosphorous in black soil under
long-term different fertilization
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X, ffi5 PAC {H SRR I, i LA 22
158 PAC (EH L2 Inka#, PAC > 2%, iXFJHEZMH
T PAC B2 SN AR, SMEBEA &
K, THE PAC {EIg I Z 00 EHILT SN £ 1%
T KR IE 5 1, NPK 23 35 PAC 41
H2.48%, SIIES, SASCERAL .
32 KHITREMBEERT HIEESBESESETI
=R

AN [ it HE A 3R ) - B S I A, IR
PLBEIE A5 T o LB SR K, X SR P O ML 2 5 i 22 £
WAL BE T M BBURRBRIED . A HLICHLECHEALEE (NPKM)
A G SR - S rh LB, R - ST LR P
BRGG, PEIE TR A A ROS B, 7EAR
R, NPKM AbHE 4 BETCHLEE 5 2 n LU . 3%
PR (5 A BRI PR A N AL Y L (LT
AL EE, G T X —5518 . AL B HLEEHE
b e EA G AT P R, RN AT EE R T
AL TR, UEY S Y3 D
IR, A ICHUBEFEI R N A A LB, s, TG
BUBE LU A AL B 25 5 BV E IR, 2 e Pt
D (1R X — PR

PR A B A5 (Resin-P) J&-15 + HEIE W A TP
RS LIEEARTCALBE, XWX M4 750 A
R, AT BRI, R N M 0 4
RCEB A1, NaHCO,-Pi Wy B 76 + 3 Wik 2 i, A
etk E, Al HCO, SRR . Sy /ED
W ASCRIT R, K 36 AL A B A A BILICA LG it 2 v

P 3P Resin-P &, Shi*| Singh™ % jEM T
JitE Ak 2EBE AR N T Resin-P Fl NaHCO,-Pi 7 &, NPKM
Qb PR, Resin-P Fll NaHCO,-Pi 2 W EE T
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AL A i, 385 5 VR R D T A IR
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TR B XY [ E T, A KB (Dil.HCIL-P) H
s HC1 48 B TCHLBE , 2 5452455 I A0 W) 280k
WAL G AT AERE A A NPKM AR #E
Dil.HCI-Pi (Ca-P) & (i K, 2R LKAk
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