55 54 % %5 6 W] B - Vol. 54, No. 6
2017 4F 11 1 ACTA PEDOLOGICA SINICA Nov., 2017
DOI: 10.11766/trxh201703210020

KHE AL 2T I Mk FE T i R T E R A B S A M R

==
=

x EVTOR XD

BEA" o
(1A AR I, K 410125)

(2 AN HR I B oA B RF A0 S 883, V> 410125)

H#o1! 2

B OE WIS RE R TR T K A ) A 2T S KR i R O R R R A O AR A
X w2 (BT ) BN, RS SRR X 2 KRS B4t R R . A3SAE R IR
BHE N AT &, DR R IE b R 3 4 . AT R0 TR L R B (PAC) MBS LA, TR
F IR A RGN ER B X B ER &, Wi e A XPACc R 5
R R O AR o A5 RR I, AR AL A CRORINK b 21 4 e 4 pl | A5 R0 AP A C Rt 8 56 47 PR St 457 ol %
B AHEREIL U 2 NK+PMAL P + 3 20 2 2298 1 IH#a ., ARBEFPACE TR by
WEAE Bl AL 2# B D RO RS B AUNP . NPK . NP+RSHINPK+RSAM B - 32 4 s /5 180 00 1T 104F | T g ple
Z 254 b AR G B [B] AR AN 3, A ORI BT S A 2R TR, 2R B I () A2 Al R
% B HE AR, CK. NKAINK+PMALFE3SAF 4 HEP A CF- X (A 5 06400 4R 84390 T F%33.2% . 29.7% Al
16.6%, NP, NPK. NP+RSHINPK+RS+HEPACE W HA(E 4> M2 5 66.2% . 60.6% . 65.6%H152.9%., A
Jit 4 A S LT P KO B R T B, ARt A 2 e S G 2% - S R R, bt T P e R A A
BORE RS & H R R A Ay, ISR . AR MPACS H R R T R BN B EIEMEER, HE
FREAWEI00 kg hm™, WS EH0.03 g kg, AL 1.20 mg kg™', HIEPACF0.09%. S
R ASE S I IR R A S E RN R, AARKE AT, RIRHESE s AN R 81
BT e, RIS B ST SO RRAIK, hARIE B KA L IC ML EE A 2 T I A R K IR R
JiSWALHE =

kA

HEHES

KIANERNRLS  BER A, B sur; #ik o, Akt
S143.2; S158.5 Xk RiIZ A A

By

BREMYLTEN = RERTLEZ—, HEY
MV 490 ) 77 R 5 304 ke B 76 Al A 7= A
ARG TR E AR A i R K
R L Mok AR R SR AR A R B
W SRR R . TR, ek A R G
B A S BB RIS T, Ak
TR RERE PR R ok B, HEg
oA T 3 0 o O RS BRI R, TR 5 AN

A% T U pl 4 SOt e A A2 A it A S S 4 vl
JPE R e, R A A A T S O o i A
JEOKAEHE ™ L A A E EARMV R I, X e
AR B A B 7 T L AN
BA =T TR B AR T, 55— 7
ON- Wi A R S € e wke A R DR S e w17
RSl —E(Em,  n] REE AR i MR 2t A 3R
Bo, PAEEvs g o R, ol g A B

*EEHRBHAIEETH (41401340 ) FEZ | SO LI RITE (2016YFD0300900; 2017YFD0301504 ) % B Supported by

the National Natural Science Foundation of China ( No. 41401340 ) and the National Key Research and Development Program of

China ( Nos. 2016YFD0300900, 2017YFD0301504 )

T WBIHMEHE Corresponding author, E-mail: junnie@foxmail.com

EFERA . B (1974—) , &, WALROCA, B, @O0, FZNSEMYE R SEYSAOELT S . E-mail:

luyanhong6376432@163.com

Weks . 2017-03-21; WS E Y. 2017-05-09; e AR H Y (www.enkinet) : 2017-07-25

http: //pedologica. issas. ac. cn



1472 + e

S ¢

54 4

TE 4 = - R 2 0 ) AN T SRR RE T R W , FEAR
TR S, CBUN AR R e | R
FINERBE R 27 SR AT 5 A9 S ) R

ZLIEME KR T 3R e O AR XA Y Rl -
e, 2T HEIXOK IR IR R, SR A R T R
I R ERE AT B E RS TRk R
KW TEEEM, EAGE, RETERRERH L
AT A0 PR T At A R TR e R AR A Y
AH, HFG Ty 20 R 2D E AR B DU ATI AR B
Sy T TR 7 DX AT A 20% B 4 F R dk
B, HAEM AW BRI ™ E 7, LI R
WIRIEAZ X I BR I E A K FER R Z —. i
WENE g 25 ol st T B S 0 ) O 4R v 1 I Ik R
J7, A HE A WU SO R K 3 R
i . RN B S BRI, K
oI s S R R R, Y R
R PR SN K . L, TR
AN [ it R ASE X A Bl 25 N T M Wl A 80 i i AR
R 2 77 % A R 2% AR Ak 19 52 ) X T A R 3 — []
MR B Lo AR SCLLL ek KRG £ X2 K A
K A e X5 -, R ASE#EAL (CK.
NK ) . At A6 I8 85 A LA A HILAE V5 5% 36 #h 70 i %
(NK+PM) . Jitifb2#85 0 ( NPHINPK ) K b2k
NESH PR R R A A ( NP+RSHINPK+RS )
GRS A AE BTG e 2wl | ARk S iE 1k
FE (PAC) BASFRAERYSZm, B 1wk 2% i A
SRR EERR AL, BT e L A R
T AL R BB 5 (R Ry, DU 27 K RS - R}
2t FH B A 4 A e K

1 MRSk

1.1 R3S X R

R 100 2 A7 i A 38 56 457 T T8 7 4 BE R X AR A 34
X (A2112°807, J64528°37', HEIKEE100
m) , Hi ARG ZE KU X, I T 198 14E I
I, 1981—20154F 4 XFEM &= 41 385 mm, 4F
¥IRR17 ¢, FHITEML300 d. il 3
WL+ A B RKREL (BRERE) , R8sk
SR B KA £ IR ETO ~ 20 em 11
FAMAR . pH 6.6, HHLF34.7 gkg™', &% 2.05
g kg™, BMARA 151.0 mg kg™', 48 0.660 g kg',
B (Olsen P) 10.2 mg kg™, 2#14.2 g kg™',

AN 62.3 mg kg_lo
1.2 Rt

R BN A B, A SR L 1 74 ik
H,OB: (1) AREAE (CK) 5 (2) jifb2#
A.HE (NK) 5 (3) fb=#%0 . # IE fic it 5% 2%
(NK+PM) ; (4) jifbs#& . 8K (NP) ;
(5) b2 . BALECAE = (NP+RS) 5 (6)
Witk A . W, BRIE (NPK) 5 (7) fb2E4& .
e . AIEEC RS ( NPK+RS) o /NXCRABEHLIX
Hit, 3RER, HN/NXEF66.7 m*, kb
b R I G B S TR = S N R ]
JH30 cm B8 BYKIRIERATE, X4 Z R HEK 18 56 5
50 cmo  HEERRE SRR HUKAE SR, AR R
TR Pl 2 22 KRR AL A, ZKORR i A 5 4 B 46
—R. RRETAHIRBR, THRAWIE; %iET
THTABM, 100 Faddk. BeliERKEN
30 ~35 d, WA ~ SEHRBGE, BREATREX
FAf 1~ 2BRBLET, BRTHE20 cm x 20 em. N PAl
KAGHE & Floo 500 S IR L o W R 25 A AL B . 7E
1981—20154FfA], AALHAFEN 150 kg hm > FIHEFEN
180 kg hmjifi A ; BAEFEIR | WEREAEZRP 38.7 kg hm™
A BRI BEAEAEZEK 99.6 kg hm i A ;
PR AA4.2 thm™ (T3, &N 382kghm™, P55
kg hm™, K 79.4 kg hm™, FHEARE4GE—F ) A,
W30 thm™ (JERVESE, TN 915 kg hm™,
P 39.4 kg hm™, K 49.1 kg hm™, L1 H5 & it —
) iAo FERAERRH B IEA , IR IR A 1
{07 St G T A1 WS 11 P = [ 2 9
70% FAEBATL AFESLIEREA , & T 30%1E5BENLLE
FBURT ~ 15 difi Ao B EAGER & W1, 7K
FESCARTT10 d HEZKMG T, AR, AFEA TR
R HTEYy o oA P R4S PR G 5 Y b A R A R
G
1.3 H@mXESNERZE

g A L W R AR AN X S 7, SRR
PRAE FH 25 Bl RS 5% 40 W0 2 o B9 4F e A W3R s R
EHZ0 ~ 20 em HFE, TN 205G S0uE S
. MMRAEBERARB T G E T, R4
B R B — AR B L L Gk s 0, A AR
OlseniE M 5E o °
14 HETESLE

TR AL R (P activation coefficient,
PAC, %) =H%H# (mg kg™ ) / [ 28 (g kg™")

http: //pedologica. issas. ac. cn



6 ] LI R E LIRS L 3R AR R S Wit 5 A 1473

R1 1981 —22015EF5EFHBENE

Table 1 Total annual inputs of N, P and K nutrients in the long-term field experiment from 1981 to 2015 ( kg hm™2)

FFZE Early rice

M A2 Late rice

LA SR

e e L e AL B A Annual total
Treatment Chemical fertilizer Organic material Chemical fertilizer Organic material nutrient input
(N-P-K) (N-P-K) (N-P-K) (N-P-K) (N-P-K)
CK 0-0-0 0-0-0 0-0-0 0-0-0 0-0-0
NK 150-0-99.6 0-0-0 180-0-99.6 0-0-0 330-0-199.2
NK+PM 150-0-99.6 45.8-19.7-24.5 180-0-99.6 45.8-19.7-24.5 421.6-39.4-248.2
NP 150-39.6-0 0-0-0 180-39.6-0 0-0-0 330-79.2-0
NP+RS 150-39.6-0 19.1-2.7-39.7 180-39.6-0 19.1-2.7-39.7 368.2-84.7-79.4
NPK 150-39.6-99.6 0-0-0 180-39.6-99.6 0-0-0 330-79.2-199.2
NPK+RS 150-39.6-99.6 19.1-2.7-39.7 180-39.6-99.6 19.1-2.7-39.7 368.2-84.7-278.6

x 1000 ] x 100%

TEYIW R (kg hm™) = [FFRL™ & (kg hm™)
x FPRL & Wit (%) +FFF & (kg hm™) x f&FF
Twke (%) ]/100

MBELHRWHA T (kg hm™) =HF4F)EA +
B R B (kg hm™) —BEEY CFFRL+FEFF)
it (kg hm™)

TIRBA T (ke hm™) =X [ BBA/EYE
WL 7 ]
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FRA0.002 9 g kg a'y ANHEBEAC AYNK AL BE 1 58 4
BEAEPREIE SRR, SR 1 5l AR B 1A G PEAS
BE (p>0.05) ; A fb LB (U FE INK+PM
A IEA BRI AR R R e BT (p
<0.01) , FFFH#EZEHR0.0015gke " a™'. NafbAEw#E
AL IEBEBCERS S AYNP . NP+RS. NPKFINPK+RS
A A+ RIS AR 2 BT (p<0.01
op <0.05) , it AR Ab # 1 T 2R 8 T 40 B
F4) P IER il it A AR L

PNP. NP+RS. NPKFINPK+RSAZEH 4 5241

W Fsf 1) 72 b e 3 560 T 1 O 4F 5 2.5 48 R A i B ik £ 7
P (F2) , 44 KEBERT 104 1 48 4 8 2 bl it
AR FTH#H (p<0.01) , HAWLIHLE i
b PR T TR A A it A AR AR s 22 R 254F
NP, NP+RSHINPKALHH - 1 4 5l bt 1 565 4F R 52 1
FH#a# (p<0.01) , {H EFFERALZE, MiINPK+RS
Ab PR A TR A IR LR B2 (p>0.05) .
MISEFHEE, KB EELBENPK+RS
> NP+RS > NP> NPK > NK+PM > NK > CK. CK,
NKHINK+PM 4 #f 4 38 4 5 7 Y9 {H 53 5] 4 0.561 |
0.564F10.635 ¢ kg ™', HIHIE D BIFFEML15.0% |
14.5%#13.8% . NP, NP+RS., NPKFAINPK+RSkt
FH A 3 A 4 {H 2 90,953 . 0.957 ., 0.925F1
0.963 g kg™', B198 1AW RIE > B4 H44.4% |
45.1% . 40.1%M45.9% . WHAEARRKESZUET, K
$ vt FH P P s A N 5 e R i A R T4 v - 0
o 7N S R i S 7 =13 7 = i R DA RS
FENE Ak 2
2.2 KEFRMERT 1184 85 a0E THE
A [ e S A P = AT A0l Vi A0 R A 7E R
W2 (El2) o 354E[E], CK. NKFINK+PMA:#
A RS AR R PR (p<0.01)
AR R R 24 51 0.196 7. 0.118 1 F10.081 7
mg kg™ a”'. NPHINP+RSALHH + 54 S0k b i 56
ERRE FI#EE (p<0.01) , HPNP+RSAFE +
AR BT R (0.329 9 mg kg a”') HFNP
AbHE (0.198 3 mg kg™ a”') . NPKAINPK+RSAbH
AT A N SR 5 AR R AE OGN 3

http: //pedologica. issas. ac. cn



1474 + i S 54 %
08 CK
"op
=
20 0.7 F e
o o y=-0.0029x+0.6154
= T° n=36 R =0.630 7**
8
%
A
-
N
="
+H
0.4 . . . )
0 10 20 30 40
08 NK 08r NK+PM
Tﬁ) y=-0.0009x+0.583 5
oo 07F Caf o - 0.7 b ° .
= ) n=36 R*=0.0671 1. ° o0 ® .,
g ° ° A ® gee °
= 06} % ° e ° ° 0.6 Fe oo Lo
3 L ° = ° °
-{é o® o, o ~ ° °
1 | . oo | y=-0.001 5x + 0.609 2
g 0.5 . . G n=36 R*=0.183 5%
+H
0.4 . ] 0.4 . '
0 10 20 30 40 0 10 20 30 40
_ L4y NP 14r NP+PS
k-
:‘_’D 12} . 12}
£ 10}
%
208 __ 08F o =
& . y=-0.0099x +0.771 3 o »=0.006 4x + 0.837 9
4 ¢ n=36 R>=0.746 1** s n=36 R>=0.3742%*
B 06fe 0.6
+H
0.4 . ) 0.4 A ;
0 10 20 30 40 0 10 20 30 40
JRREY: NPK L NPK+PS
2121 12}
20 o® ®
a °
E 1.0 = ® L] e Y ° o
2 .
% 08 Lo »=10.003 4x + 0.895
5 =0. i e =36 R*=0.123 8*
& 1 y=0.006 6x + 0.802 6 ? n
& 06 n=36 R*=0.574 7 0.6
% 0.4 : L : ) 04 : . . )
k 0 10 20 30 40 0 10 20 30 40
RIGAE PR Experiment years (a) RIAF IR Experiment years (a)
(ES DR 1 N [ Y A O e e 7 g g B (o <2
Fig. 1 Variation of contents of soil total phosphorus in the long—term field experiment relative to treatment
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F2 AEFBELIESH () SHEFER (x) BHXRRE
Table 2 Regression model for relationship between content of soil total phosphorus and age of the experiment
b B I Bt A A IS e oL
Treatment Experimental years Fitting model Significance testing
NP 1981—1990 »=0.0309x+0.6455 R’=0.669 0%*, n=11
1991—2015 »=0.0097x+0.8689 R’==0.815 9%*, n=25
NP+RS 1981—1990 »=0.0421x+0.6193 R’==0.712 9%*, n=11
1991—2015 y=0.0037x+0.9355 R’==0.338 6%*, n=25
NPK 1981—1990 y=0.0286x+0.6545 R’==0.692 5%*, n=11
1991—2015 »=0.0033x+0.9145 R’==0.338 6%*, n=25
NPK+RS 1981—1990 »=0.0485x+0.6256 R’==0.813 0**, n=11
1991—2015 »=0.0003x+0.9682 R’==0.003 5, n=25
W S RIRNFEN DK ARG B3, *RIRTES %K A EHE B3 Note: ** and * mean significant difference at the 1% and 5%

level, respectively

®3 TRMBELEANH () SREFR (x) BHXREER

Table 3 Regression model for relationship between content of soil available phosphorus and age of the experiment

A B

Fitting model

Significance testing

b3 I B
Treatment Experimental years
NP 1981—1985

1986—2015

NP+RS 1981—1985
1986—2015

NPK 1981—1985
1986—2015

NPK+RS 1981—1985
1986—2015

y=2.7686x+12.395
¥=0.0997x+23.302
¥=3.0543x+9.1476
y=0.1873x+22.847
»=2.9086x+13.262
y=-0.0372x+23.419
y=3x+13.233

y=-0.059x+23.477

R’==0.868 6%*, n=6
R’==0.521 6**, n=30
R’==0.948 9%*, n=6
R’==0.430 8**, n=30
R’==0.746 2%, n=6
R*==0.092 2, n=30
R’==0.785 0**, n=6

R*==0.207 4*, n=30

NPK+RSAb 3 - A 25004 i 4 BRAS AL AN 1 2% 5 5 22
(RN TSk

M3SAEFEERE, CK. NKFINK+PMALFE +
AW 9IN5.9, 6.1H18.2 mg kg™, EWIGA{H
SRR 42.2% . 40.29%F119.6% , WK 3% 42
AN il W A A 3 A R T B NK+PMAL 44 i
AR BT R 25 i AR BB b T — o Y
7, AH R0 AA S REAL, R
PR AN R DI LER: BRI J) . NP NP+RS.
NPKFMINPK+RSAb P 4 584 8508 F 38 53 51 A
243, 24.7. 22.8F122.6 mg kg™, EAIIEAE S B4
5138.4% . 141.7% . 123.6%F1121.6%, FHIEA
TG 2 K 300t P A ke P 5 o i i 2
T A O .

2.3 KEITREMART L IEBE L R TE T
BEIE I R B (PAC) FRAF - HEwE 15 1L fE
R4 Wl o] A5 A% Wi % Ak i e 2 RE R L KR ] it
JET 3P A C R[] (1Y) 8 28 R AE an 13 fir s, 35
4EME, CK. NK#l NK+PMAbFE 4 HEPA CH B
KAERRE PR (p<0.01) , TREHERD5
$70.0285% a™'. 0.0187% a '#10.0158% a~', CK
A PR B AP, NKARHUFR . MER A, NP
MINPK+RSALFE 4 HEP A CFifi 32 56 4F FR JC 2 % 28 1k
(p>0.05) , NP+RSAFFEPACKEIR I AFEBR & T
i (p<0.01) , NPKALHL 4 HEP A CRf i 56 4F R

ETREEBEE (p<0.05) .
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Fig. 2 Variation of contents of soil available phosphorus in the long-term field experiment relative to treatment
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Fig. 3 Variation of soil phosphorus activation coefficient ( PAC ) in the long-term field experiment relative to treatment
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Table 4 Regression model for relationship between soil phosphorus activation coefficient (PAC) and age of the experiment

PG R

Fitting model

Significance testing

s B
Treatment Experimental years
NP 1981—1985

1986—2015

NP+RS 1981—1985
1986—2015

NPK 1981—1985
1986—2015

NPK+RS 1981—1985
1986—2015

y=0.2495x+1.9524
y=-0.0078x+2.6526
y=0.3402x+1.3815
y=0.018x+2.3128
y=0.3091x+1.9567
y=-0.0108x+2.5697
y=0.9259x+1.5256

y=-0.0072x+2.4529

R*==0.621 6%, n=6
R’==0.186 8%, n=30
R’==0.905 8**, n=6
R’==0.311 2%*, n=30
R*==0.718 5%, n=6
R’==0.367 7**, n=30
R’==0.998 6**, n=3
R’==0.130 1*, n=33

JE gt T P 5 e i A ) 4 v e i b
A R ROR
24 KHARERTHIEBERZESKR

00 1 [1] 3 5 4F AN it A28 S 1) CKORITIN K Ak B 3 4 214
TR —HE T HORE (El4) , HAFELBE
S 18.0 F123.3 kg hm ™5 At Ak A #E{2
Jiti 4 2% Y N K+ PM A B 76 U560 i 7 4F B4 24 25+ ek
By, S8 B2 RAEINE A By, H234F
Z SRR A BT AR AN R 4 A i A T B, L35

100

4RI S Annualp blance (kg hm2)

=100 L

AR SMETT R R 2 N ARFE . NP
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Fig. 4 Budgeting of soil phosphorus relative to treatment each year from 1981 to 2015
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Fig. 5 Budgeting of soil accumulation phosphorus relative to treatment each year from 1981 to 2015
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Evolution of Soil Phosphorus in Reddish Paddy Soil under Long-term
Fertilization Varying in Formulation and Its Response to P Balance

LU Yanhong" > LIAO Yulin"* NIE Jun"* ZHOU Xing" > XIE Jian""*> YANG Zengping' °
(1 Soil and Fertilizer Institute of Hunan Province, Changsha 410125, China )

(2 Scientific Observing and Experimental Station of Arable Land Conservation ( Hunan ) , Ministry of Agriculture of China,

Changsha 410125, China )

Abstract [ Objective] This study aimed to explore characteristics of the evolution of content and
availability of soil phosphorus and their responses to phosphorus accumulation or loss ( P balance ) in reddish
paddy soil under long-term fertilization varying in formulation under the double rice cropping system, in
an attempt to provide theoretical bases for scientific application of phosphorus fertilizer in the double rice
cropping areas of South China. [Method] Based on a 35-year long-term fertilization field experiment,
researches were carried out on the evolution rules of soil total P, available P and soil P activation coefficient

(PAC ) in reddish paddy soil as affected by fertilization varying in formulation and history, calculations
done of gain or loss of soil P each year and cumulative gain or loss of soil P in the long-term fertilization
field experiment varying in formulation, and discussions made of relationships between soil total P, Olsen
P, soil PAC and cumulative P balance. [Result] Results show that soil total phosphorus, soil Olsen
phosphorus and soil PAC in CK and Treatment NK ( No phosphorus fertilizer applied ) remained unchanged
or displayed downward trends with the experiment going on. Soil total phosphorus in Treatment NK+PM ( N
and K fertilizer plus pig manure ) exhibited a slow rising trend with the experiment going on, while soil
Olsen phosphorus and PAC in the treatment did a downward trend. Soil total phosphorus in treatments NP,
NPK, NP+RS and NPK+RS ( chemical phosphorus fertilizer or plus rice straw ) soared during the first ten
years of the experiment, but the trend gradually leveled off during the 25 years that followed. Soil Olsen

phosphorus in the above-listed-treatments rose sharply to high value in content during the first one to five
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years of the experiment, and then the rising trend began to level off with the years passing on. Soil PAC fell
drastically in the treatments of no or low phosphorus input, but it ascended in the treatments applied with
chemical phosphorus fertilizer or plus organic manure. Compared with the initial background value of the
experiment field, soil PAC decreased by 33.2%, 29.7% and 16.6%, respectively in Treatments CK, NK
and NK+PM, but increased by 66.2%, 60.6%, 65.6% and 52.9%, respectively in Treatments NP, NPK,
NP+RS and NPK+RS. Treatment CK ( No fertilization ) led to soil phosphorus deficiency, while Treatment
PM (applying only pig manure ) nearly sustained P balance, and Treatments NP, NPK, NP+RS and
NPK+RS resulted in apparent surplus of soil phosphorus. Phosphorus balance was very significantly related
to soil total phosphorus, soil Olsen phosphorus and soil PAC. With an average surplus of 100 kg phosphorus
per hectare, soil total phosphorus increased by 0.03 g kg™, and Olsen phosphorus by 1.20 mg kg™ and PAC
by 0.09%. [Conclusion] Extraneous phosphorus inputs are the important factors that affect soil phosphorus
and soil phosphorus availability. Long-term no phosphorus input and insufficient phosphorus input leads to
soil phosphorus deficiency and hence reduction of soil phosphorus content and soil phosphorus availability.
Applying chemical phosphorus fertilizer or chemical phosphorus fertilizer plus organic fertilizer promotes soil
phosphorus accumulation and improves soil phosphorus fertility.

Key words Long—term fertilizer experiment; Soil phosphorus evolution; P availability; P balance;
Reddish paddy soil
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