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Response characteristics of Olsen-P to P balance in yellow paddy fields
of southern China
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( Institute of Soil and Fertilizer, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350013, China )

Abstract: [ Objectives ] In order to provide theory for phosphate (P) fertilizer application in the yellow paddy, a
study was conducted to research the relationship between P accumulation and its efficiency. [ Methods ] The
variation and accumulate of P in paddy fields were studied in a 33 years’ long-term experiment. Four fertilizer
treatments were setup: no fertilizer (CK), chemical fertilizer (NPK), chemical fertilizer plus cattle manure
(NPKM), and chemical fertilizer plus straw (NPKS) and available P—P response coefficient was calculated.

[ Results ] The contents of soil available and total P in the CK treatment decreased with the treatment years in
both the double-rice and the single-rice systems, and those in the other three treatments increased with the
fertilizer treatment years under double-rice system (1983-2004) and decreased in single rice system
(2005-2015). Until 2015, the contents of soil available P in the NPK and NPKS treatments were 9.7 mg/kg and
8.7 mg/kg, which were significantly lower than that of initial soil sample in 1983, and decreased by 8.3 mg/kg
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and 9.3 mg/kg, respectively. The available P content in the NPKM treatment was 18.0 mg/kg in 2005, which
was in line with initial soil sample. The phosphorous activity coefficients of the CK, NPK, NPKM and NPKS
treatments were 2.9%, 3.5%, 4.7% and 4.1% in turn, those in the NPKM and NPKS treatments were
significantly higher than that in the NPK treatment. There was a linear relationship between the balance of P
and soil available P contents in all the treatments except that in NPKS under double-rice system. Under double-
rice system, annual soil P surplus of 100 kg/hm* would lead to the increment of soil available P contents of 4.5
and 11.2 mg/kg in the NPK and NPKM treatments, and under single-rice system, annual soil P defect of 100
kg/hm’ would lead to the decrement of available P content by 14.6, 23.9 and 25.9 mg/kg in the NPK, NPKM and
NKPS treatments, respectively. The soil could keep in balance when the amount of P fertilizers was 26.2
kg/hm’. [ Conclusions ] Available P content is closely related to the balance of soil P. The available P response
coefficient of the NPK combined with manure or straw fertilization is higher than that of NPK fertilization under
the equivalent phosphorus balance. Acceleration response of available P is higher under phosphorus-deficient

conditions than phosphorus-sufficient conditions.

Key words: long-term fertilization; yellow paddy field; available phosphorous; P balance; PAC
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AR AL, WIATRERR ® A= 7 Ty 427, i i
FRBNRE, S RERRTIEPBROERRE Y,
- A R ] KA I R T PR g XU i R e
1B 200 1 728 Ak R 3R A8 5 i iy G AR ] - 4
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TR TE AR A B O B Rk 2 00 0 3 5
NE A A (e B VD, AR 119°04'107,
626 26013317, M A BEFCR YR, IR 15.4
m, TR, E IR RG0S F MK R LR
AR H A Jm, R AR 19.5°C, AR
JKHE 1350.9 mm, 4F H IREF% 1812.5 h, Jof 311
d, = 10°C TGS AE 6422°C, IRIGHT (1983 4F) #F
JZ 1 pH 4.90, AHLIKS i 12.5 g/kg, 24 1.49
g/kg, 28 0.30 g/kg, 2% 16.20 g/kg, BAFA 141
mg/kg, AR 18 mg/kg, HALE 41 mg/kg.,

R 4 0B 1) AR (CK); 2) Hrtifb i
(NPK); 3) LB + 2£3%& (NPKM); 4) fLAE + &35 FEFF
LH (NPKS), AP 3 RER, /NXHEA 12 m?
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2.8 g/kg. K 7.4 g/kg, FiH-V-2155%450 5 5 A Pk
3773 glkg. N83 g/kg. P 1.1 gkg. K24.0 gkg; A .
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Table 1 Phosphorus fertilizer application rates of the treatment in every harvest

i3 e AL THEE K% B T &it
Treatment Chemical fertilizer Cattle manure Irrigation and rainfall Total
CK 0 0 1.3 1.3
NPK 11.8 0 1.3 13.1
NPKM 11.8 10.5 1.3 23.6
NPKS 11.8 3.8 (], WifE Early and late rice )/5.3 (12545 Single rice) 1.3 16.9/18.4
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HEA WA Olsen YEMIAE , 2 F A A AL AN Al—%H
BABL L AR, MR #ER A H,SO,~H,0, TH&—
Bt ke,

1.3 HESH
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TR (%) + FEF i (kg/hm?) < FEFF B (%);

T IER AR BT (P kg/hm?) = BRAF il A 1 1505
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+ 1 2R S (P kg/hm?) = Y[ HIER WA 5
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BRI SPSS 13.0 etk k47 77 2253 #
ST, ANRIARBE 2 18] 22 5 8 2 VR LSD vk
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21 KHETEMEE T HIEERSM SN T HEE

A A TR] it A T A 4984 20008 7 4 o i A2 i 4
ATAEH (K1), CK A TEREAE A5 A (B T
K SRR A), BREEEY SR —a &
MIBEER DRt - B0 A i 55 B A A Akl i
PIBE Ay &2 3 HA PR, A ER AR5
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ERVE AT T REH AN 0.39 mg/kg. ML £ 4k
B (K% NPKS #b) BUERAE DA 300 & 2 LT
#o, FHo Dl NPKM b3 E R K, 4R BT 1.00
mg/kg, J& NPK ZLFHAY 8.4 1%, 2005 4F M =X it
1l Ay B R I 45 it A Ak LA A5l e Bt X A R
MmN R ETREES, 220154, NPK.
NPKM. NPKS 4 F[E# #5504 0.84., 1.45, 1.08
mg/kg, NPK., NPKS &bHUA 08 2 43 i M 5040
LR 18.0 mg/kg FF&F 9.7, 8.7 mg/kg, NPKM 4bHi
AR B SIS

K2 s, N EfckE, CK AR
BRI, S RRRPROKCE, BIRRR S
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Fig. 1 Dynamics of soil Olsen-P content with fertilization years under different treatments

[£ (Note) : y—XUZ=FF Double cropping rice; y—#.Z=F5 Single cropping rice.]
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Fig. 2 Dynamics of soil total P with fertilization years under different treatments

[£ (Note) : y—XUZ=FH Double cropping rice; y—#.Z=F5 Single cropping rice.]
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Fig. 3 Dynamics of phosphorous activity coefficient (PAC) with fertilization years under different treatments

[£ (Note) : y—XUZ=FH Double cropping rice; y—#.Z=F5 Single cropping rice.]
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Correlations between soil available P change and P balance of different treatments from 1983 to 2015
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Fig. 6 Response of annual P surplus to phosphorus
application rate of double-crop rice in yellow paddy fields
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HBAEWER G ZHOT (BB ZERH) PAC {H T MR E
=K,
3.3 HEREXT BB S HE TR X RN
DIAER W g 20, £ sk 28k 5
Wil T RIEMEKER, HHEA BB 100 kg/hm?® B,
B b 2 i T Ak B A A RO T R 2.6~
21.2 mg/kg, A HUIEBCHE fb27 i N A 34 50w 7 &1
PR E 0.56~41.3 mg/kg ", AWFIE7E A Z=Fa
T, +3E4 2 P 100 kg/hm?, NPK, NPKM #b3f +
A A ] 4 4R 4.5 mg/kg 5 11.2 mg/kg,
Ut B ZE X R o T 8 A IS e 24 2 A5 =k
T A RO I R ROR T T AL . X T RE 5 IR
P+ A HLICHLIE BC G T A ALIE 9 AJRZE T 2L
B AR AR A G, PR SO RIS, A
PR e F AN BT R MR B A TR i, - e AR
WA T R MRS mESHr R (K 5), iR
7 H P 100 kg/hm?, NPK, NPKM, NPKS #h B + 3
RS R 14,6, 23.9, 25.9 mg/kg, M
AU, PR AR R A ALICHLAE Bt 1 - A RO T
W2 5 A e R E (RER L) B =,
HonT A S R A AL IR et A =X A AL R A
A FERNAEFE, AR 2R AT P oA HLBE T 2 4k
WP, T EET, AP i & n]
REEUE Y SR Ta 4, TUAE W% B33 I 31 5 T 97
FET 20 LA, SECA SR IR B A
NEK . WARWFFEA AT E th, B BT A 800 R i e
I PO 2 A% T A RS IR R, B A 7 B
T E M A A, a7 A R B
FRZL A i B0 2R U 2 AU, il JES it T AS 2 7 A
BER BT B, WS BOR SO R I A R B A AR
A B A R
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W) E SR 50 R

23 4%

4 4he

7 e AR A B RIKT 26.2 kg/hm? A
RE 2 45 1 A R0 5 2 Wl 8 1 AR 7 A W A
Ao WEHERENC AT DABE s BUe A A . e
i, AHLEHUE R A IR R IR 5L (PAC)
TR . BRXZERG NPKS ZbHRA, H#ER
FH - A RO v 1 0 R T R R R A
KR, EHEBENROT, HEER (P) &
4% 100 kg/hm?, NPK . NPKM &b 3 A %50 43 51 4 hn
4.5 mg/kg 5 11.2 mg/kg, MifE PR 7 HORM
T, 455k 100 kg/hm?, NPK, NPKM, NPKS 4#b 3
AR B 14,6, 239, 25.9 mg/kg. hEHTE
RRE T, AYLICHUIE B HE A 08 5 v 2 5
THEAIE
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