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AR S, RRZE T, ReR

(1. db5 5250 m 5OR ] 4 S S22/ A RO B2 B ARl 96 -5 Al X R 2
Jest 1000815 2. HEARM B4 BET BT e S RG 35 / 8 re 4B BH A FH AR S R G I R B A B2
MBS, , IR ARBH 426128; 3. MFPHTTAEIX RN R, BIF M 421001;

4. BN )R, Wir fFH 421200 )

WO KRS M R R A R R R R KRG S DG, YR A S SRR AR DA G, (B H T
X T AN [ Jti I B DG H AR B I TCAILB T 25 1 28 1k S 5 K R IC A AR I O R A AW A . T 1982 4ETF
TA A HUIE FIAL AL B 2 AR, WEFRAEAXTIR (CK) . B dLe (M) . Stifb &4 (NPK) FIEHL
NEALREFC ARt (NPKM ) AZRBE, W5 I 2R oG A B W T LB 2 0 A8 b L BB R 6, FRMMT & T =2 00 (4 A1
Kotk Z5RFWY, ANFEB RN M TCHLBE SR RIS (P<0.05), F£HN NPKM>NPK>M>CK, Jifi
05 TEHUR S i A8 Ak SR T & AR A0 AP BE AN SRR . NPK AT NPKM AbIAE RL . WRAS R R AE B I Al-P. Fe—P
Ml Ca-P & 2B E & T M A CKLH (P<0.05), #SALFEMAS A K ZERY AI-P. Fe-P fl Ca—P V-3 & i & T 7
A K2, WEIRAY 5N 4.6% ~ 19.8%. 02% ~ 8.6% F13.4% ~ 23.3%, 4 KbFHMGASZE 1Y O-P - 14 & 1 5 LA
FEART 8.4% ~ 35.0%. AN [l it AT Ak 38 2 i) P85 AR 6 o 2 45 TO ML 28 0 o TO AL R 19 L ) A8 Ak s S5 TR], 454k
FH AI-P. Fe—P. O-P il Ca—P & 1t i T ML B 242k U AG 291 19 S /NI 4351 8 NPKM>NPK>M>CK . M>CK>NPK>
NPKM, CK>M>NPK>NPKM Fl1 CK>M>NPK >NPKM. A, WA (19 A% 45 7= = A0 st 1 350 0 ik e 359 Bl 25 it A i
3R (P<0.05), MPKM Ab B (19 7% 4% 7= & A b 1 36 0 0 & 2 % = F NPK Rl M AR B (P<0.05), 34 1% 4
25.1% ~ 33.3%, {AAFHEAAEZ BB FRER R B E RS WRIEIEKINY Al-P Fl Olsen-P & £ %1
R A I A A M T 2 s MR AR R B TR AR RN Fe—P . AEFEAE RN A1-P X B A = 2 FH I 8l 12 119
AT EZEE RS . A HLICHLECHS O 75 28 Oe A BRI F i, S SRS R s R 119 73 BE J A S AR I A e
DI R m AR FHACR

KA MK RE L SCHAEF W OHIBPER; BRICRIAE, KT

BRI AEK LT =R ER R —, L B THlE TR . PHOERE. 5

ZTIEDXA 3l 3R e = S BRI R 7 ) E2E A
o MEIBEIL R ARTHT ™ | Ae0™ (9 2O 15
2 5 W) b S PR OO e - SRR i ) B R A

KRB 2024-05-20; FABH: 2024-07-28

E£TH: WA ARSI H (2022))30648, 2024)J7621 ) ;
EZ KR ARIEZR (CARS-01-88 ) 3 XL 4R i X 44 Rk
LI RN H (20222-051246 ) ;5 1 544 4 M A1 397 % 4 0
(2023CX73 ),

&R B (1983-), mIfFsEst, 4, FEMNELF R
AR AR T AR BIWISE . E-mail: huangjing@caas.cn,
BIWAEE: X%, E-mail: liushujun@caas.cn; K2R, E-mail:

zhanghuimin@caas.cn,

B IEREDE, SRS R R R 10% ~ 25%,
R A Y ™ &, AT At A VE 7 oK
B LR R ), B EE R 1
HEM, REEEAEIESREYSERER
35 kg/hm®, 2 A B AESF- it FH 219 44.2%, HLLIRS
HREX BB R, WK T BRI X
G 2, T E R 75.6% F TR EREAE, TWieE T
A e —FOR AT B R, $ RE H AT BT A FE
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Wit A 385 nT AR PR A - e B AL 2 E A )
JN G R A A SRR TR HLASEE, #8
Bl ) B A P L RSOR) FH P T s A 7 14
SBER/NER Y, IEBER A SRR KRR b2 ik
245 B HoAb A7 R Bl 4 b B sl Ho Ak
@M A4 A MLBE RS HLEE RS, ok
TeHLWE 5 AW 60% ~ 80%, A04E 1% I TCHL#E
(Olsen—P ) FIWE [t 25 TCHLBE (Fe, Al, CaZiE AL
FAERE) D, ARSI 25
TRHK . Fe—P Fl Al-P AHX HABTCHLBEL 73 ( Ca—P FlI
0-P ) XF£T ek KR + 43 %0 A STk K, 01
AR =B T O-P LA B AR FAL-P B 58
13 Al-P., Fe-P, Ca-P 5/KH 7" & K + 3 TCHL0E
G WEA T AR AR RSN A S
fEER RS, H&IEEAR LT EARE LR SIS
iz ) KIEAE T S R A4 B 1] S B Bk
(S (RRRAE 0 [IE, FEVE A K, A
LB 5 R R SRR A 5 A Kad
BEVIMRR, WAT A 20w & 2 L S51EY
XTI  EB ARG, PR R A 3 s B VE AR
Filad—RAIMLEH CRERCGR Y. EAL B, AL
AP ) AR AR B B B 2 RN A ) R
T T 5 0 - S e A A e B - SR ML 4 o AR
et LT RSt TR AR IR AR K R
TR, (AP AT B4 7K s R ol o 0 - Ml R AT
HERAWE2ES Y, FR, KEHISEEY, A
HLIGHIL A e it 0 5 0t I i 45 2 0 A 38
WL DL R A XA IR 2R R L
H AT A [t AR T 02 6 B A 0 e LB I
A5 14728 Ak B 5 K R i 28 R FH AR 1 56 R AT AS B
. AWFFT T 1982 41 Ui 19 A HLAE A AL HE L it
SENLIRYE, I W XU S b A W C AL 414y
Ak, BIEMEG: 1) KR EEIE S KR A E
PR IETCHLEE AL AR ERRAE, 2) KRS = = A w e
FIH XN A A & W TC LB AL 2 i i o6 &R, LA
H1 A 21 198 X002 e T 2 9% U oo 2R P AR AL ) 2
R/

1 #MRSF*®
1.1 Atk

AR 7 50 TT R T 1982 48, Hb S B AE
0 T 2 A0S B T S T A AR M R 2 B AT 4 S
YN (26°45'42" N, 111°52'32" E), 520wl g4k

150 ~ 170 m, Hboib W #44HF, FHSRIE 18 C,
= 10 CHIR 5600 °C, Z4FHREKE 1255 mm,
AR K 1470 mm, TCFR L300 d, A H R
AHE 1610 ho 138 M55 DU 20 21 + R UKk 5 21 38
KA, R IR T — EME KR, R iR
0 ~ 20 em )2 HHEEARHEMR: pH 597, AL
19.8 gkkg, 2% 1.5 ghkg, BHF A 158.0 mgke, 4
048 g/kg, FHRUWE 9.6 mgke, 8 142 gke, HALH
65.9 mg/kg, TCHLBE R R 292 me/kg, Al-P. Fe-P.
O-P Fll Ca—P #4350 4. 117, 148 F1 24 mg/kg.
1.2 5k
ABFFERERE 4 AALEE: ASHEAEXT R (CK) 5 Jif
FHAYE (M) ; ERHIEA. B, 8 (NPK); fb
MEA. B, B AAPUIERCHE (NPKM ), /)N X Ta FL
27m’, EE 3, BEVLHES, £5/NX 22 KRS
IrBE. AP RIS (IR0 1o 2480 T
PIE, & N032%. P,05025%. K,00.15% ), &AM
FIRZE (N 46 %), BERE N BEMRES (P,0512 %),
BRAE A AL (K0 60 %), BT AEEHA /R R AR —
MR o PRI BE MRS - 8 - &0, K AR DL
PregH, R MRt E 80 A0 ArE R
w1,
F1 SREBESEABEEERAE (kghm®)

FHLIE 4!
Qb
N P,0; K,0 N P,0, K,0
CK 0 0 0 0 0 0
M 725 56.3 67.5 0 0 0
NPK 0 0 0 725 56.3 67.5
NPKM 725 56.3 67.5 725 56.3 67.5

1.3 FF AR FN E T

430 F 2020 AFE A HT I (4 H 28 H ) . 438
W6 J11H), FHEM (7TA3H ). WMAH
(7H27H), MfEmH (8 H2H ). /rEEWH (8
H24H ), FFHEY (9H8H ). m# (10H
20 H ) S5 CHEA T AT, o i R o BE T 43
JE SRR, FEREAR R 4 R A R A K
Wi, REO0 ~ 20 cm RZLHE, KWK “S” B
BURRIR I 4 A IR A FE, AT )R 43505 0.85
0.25 mm G, T HERACE RN 2. A
WA Olsen 3 5E , TCHLIELH 43 IR AL 22 401k
BB KU 1 mol/L NH,C1 1 0.5 mol/LL NH,F
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PEHL AI-P, 1 mol/L. NaOH #2 Bl Fe-P, 0.3 mol/L
Na,CcH;0, + 2H,0 Fl Na,S,0, + 2H,0 #£H 0-P, 0.25
mol/L. H,S0, #2H Ca—P ", FREFIME ARSI, 4%
NKERFT R, MRS =&, AR KRS FT
KRR S, BETRRES, 28 & R A H,S0,-
H,0, W — SHBEHT I (il
14 HdEibr

it Ak FER LA i S X PR Ak e - S i 2
EIH R BAR AR

EAEALEE ANt A X
o [ — AbEH R
W 1t W g
TN it FH

1 IRt e A KRR A 5 T I Bl ) SR
(kg/hm® ), B P £ oA 45 it AL A B2 A R
HUAEiGE A B BB (kg/hm® ).

K Origin 2023 X #5040 #E 47 2 & FAH 26 14 43
Mr, iz FH SPSS 19.0 XJ £ s #F 17 22 5 b & PR 50
(LSD#: ), XHRIEST T A “Random Forest”
B AL TT A R AR K A R K B B [
A B SRR bR e K R 7 A W B A X R
Bk,

2 RS0

2.1 ZLEMKAS L ICHLBE B A2 A RIE
AFITEACHETET , B BRSO A I 1
THLwE SRR (K1), CK. M, NPK

BEIEFIHE (%) = x 100

FINPKM &b 3 %) T BL W 2 5 19 A8 4k 8 [ 20 51 o
192 ~ 244, 224 ~ 291, 352 ~ 597 f1 577 ~ 763
mg/ke, AR AF I 45 40 B 2 A] JC ML BE B A
SO 2% R (P<0.05), K/NFEH N NPKM>
NPK>M>CK. . WEAE AR & B0 i JoH L S i F
i NPKM Ab B %5 NPK . M Al CK 4k B 43 5] =
25.4% . 142.8% F1205.3%; NPK At ## M Fl CK
Ak B0 5 Y 93.6% Fl 143.4% ., FLFE Y TCHL#E B
HREE L S RRAL, B INA B
Ft, NPKM F1 M Ab B 1 F1 a8 200 0 T L 2 i
S T EE A S (P<0.05), NPK ZbFfY
TCHLBE SRS AR B IR W 25 . WRRdAE
K7, NPK 1 NPKM 4b S TH 5 [, B 5 R %
R, S EE TOHLRE B T IR B )
(P<0.05), M AP AN 2%, CK B AR
FRERAEY, ARSI AR T A A e
(P<0.05 ), AT UL, Jifi A5 TOA LS A AR Ik E 2R
A AE ST B RIS AR
2.2 LMEYEIKAE + OHUBE AL 4> & A ARtk
FHIE

B MRS [R) A2 75 I3 NPK T NPKM A 3 i
Al-P. Fe—P il Ca—P & & ¥ W 2 5= T M Hl CK 4
L (P<0.05), 440 AEA K 21 Al-P, Fe-P
Fl Ca-P - H & & T RFEAKE, HE 5k
46% ~ 198%. 02% ~ 8.6% M 3.4% ~ 23.3%,
SR BREENO-PFH T HBEFFEMT
8.4% ~ 35.0% (& 2),

800 r K —M —-NPKM —NPK ——CK 800 T pi a
b
a
~ b c ¢
<600F c ¢ 600 2 a
E }\%—%’//j E’/}\‘\({
I 1
Bie
§§ 400 - 400 -
a
\E’—‘E/{
200F . — 200 ;\B\E\i
b b b c
i S EE] SR J it il SR I
K EF K F
B 1 AEMEEGEREGEETETIBEETN
e B PRV NSRRI R AE T2 R 3 (P<0.05),
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S TCHLBE AL AE ARG R RS A B AR fk i
PEBAEES (F2), RFEERKSE, SRR
AFRI AL-P 5 i Bl A A A AR B
B Fe-P & & REEE T AL, M. NPK
1T NPKM A4b 43 BE 9] A1 55 R 1Y Fe-P & 2 B 3%
1B T B 1 F0 2 ) (P<0.05) 3 CK 4 B O-P &
R ETREBE (P<0.05), MAAHAREF M
1) O-P & 5 A7 ik 3 22 5%, NPK Hl NPKM 4k 2 53
BE S A SE A 1) O-P &5 i 38 /= T 1 00 A0 a2
(P<0.05) ; AJalfita ALALBE Ca—P 55 B 24 52 S [ i 1
e, M. NPK Fl NPKM Ab 3 55 B A Ca—P 75
T (P<0.05),

TCHUBE A Ao AR A A K F B AL A R
AR, Kb T A1-P & 5 A 7 3 5L e 5 R
RS, 25 Ab AT BERI G AL-P & 35 W T AL
B (P<0.05); METARIRAM, HA0P] Fe-P &5
SR EL RS, B M ARAN, HAbAb 3 I Y
Fe—P 7 1 1) 1) 25 1L T HAB OGS A= F ] (P<0.05) 5
SAEIE O-P & R A AL T ISR 23S, s
W O-P Sty m THADSCHAE T (P<0.05) 5
M FI CK &b B Ca~P & 5 7E 2 A A= F 1A A8 1h iR B 3¢
/I, NPK Fl NPKM 4b 38 Ca—P 5 43 I 7543 BE ] 11
FRE R K, Z)a RREAGES, R
Ca-P it it Z LT BEIAI SRR ( P<0.05 ),

ANt R T 4% TCALBR AL 53 i TC AL 2 11
Pl AL B 22 5 (B 3), FARG M fE 2=
B Ab P Al-P. Fe-P. O-P Fl Ca—P & & 5 LWL H
S A R P AR AR YE R 43 3 R 15.5% ~ 30.1%
52.5% ~ 61.2%. 1.8% ~ 4.2% F115.6% ~ 22.1%,
K 13.9% ~ 32.7%. 49.8% ~ 60.0%. 1.5% ~ 3.2%
F16.1% ~ 23.4%. A [F) i 2 4b B 2 8] . Fg 22
A 2 4 T LW 4 43 o TC LB A A 1 b ) AR
fba Al 6, 4% 4b B Al-P. Fe-P. O-P Fl Ca—P
Bt 5 LR R R L 2 0 RN 43 5 R
NPKM>NPK>M>CK ., M>CK>NPK>NPKM, CK
>M>NPK >NPKM 1 CK >M>NPK >NPKM., M #
NPKM b 3 6 75 25 11 A1-P 25 & 5 TCHL#E 2 0 e
% ARG 250 I 0.5 1 2.5 AN E 435 NPK, M
FI NPKM 4b 33 066 7% 28 Fe—P 2 5 TCHLBE S 19 L
Bl RREREAR 0.2 ~ 2.7 NE S5 AEZ T AL
PR O-P 5 & 5 JCHLBE B9 LU B TR R 3, %
KT 02 ~ LOAASFA, 1 Ca—P &5 5 TCHLBERY
Pl TR, WnT 04 ~ L7 NES R

HAEZE, ANFALEE Al-P & & & LB a5
FL B AT A, Rl A 7 W Ak 52 S T I
Fya#, MEIEALER (M. NPK F1 NPKM ) S50 Al
Sy BER] AL-P 7 5 5 JCHLBE R ) B T
W (P<0.05); ANELLFE Fe—P & 5 TCHLBE MY
EL Al bt A B S SRR IS T R, e Ak
P (M. NPK Fll NPKM ) 43 BE 1] F1 55 FH HH Fe—P 7%
o TCALEE R Y H B IR T (P<0.05) ;
JEAEALFE (M. NPK FI NPKM ) 14 O-P & 5 Johl
RS LB DL BE W e . BUAIRAIG, 4BE
WPRIFEREI O-P & & i IO S Y LU ) B 3 e T
T (P<0.05); M. NPKM 1 CK &b 3 Ca—P 5 TCHL
B A 1 LA EEAN IR A B A 7 A i 1k

MeAEZE, J A VLIER M A NPKM 4b 3 Al-P
B AL R 1 LR A T A R
i, AR A Y ) e TR (P<0.05 ),
CK FI NPK 4h (%) A8 Ak #a 3854 e AN [ml, - DL 43 BE 1Y
FFF AR 0 B 1 R e R A ALIE B M
NPKM 4b B Fe—P 5 & b7 TCAILBA & 5 14 b il it 25 A4
B HESE R, LA BT Y L ) 2 IR
T (P<0.05), BRorBEM NPK ZL#RAM, CK Al
NPK Ab P Fe—P 5 5 (5 JCHLBE B 1) b il e A ) A
BIWA BEAL; i LIRS NPK A1 NPKM 4b
L O-P b JCHLBE S 0 Fb ) B A 3 0 4 ok 5 2
R 5 TH keSS, R 5 b A A
(P<0.05), BRpeAmsr, Bt HUE M 43 0-P
7 TCHLRE B i 1) LU A9 7E 45 A B 2 R A I 3 2
55 AL Ca-P i TCHLBE L 1) L BIFEAR [ A
W2 (A1 AS IR A /)N, B3 B0 R S A A B 1Y o
bR T A2 B, NPK A NPKM 420 23 5% i 45
B L W T (P<0.05), HAb AL 37E 4 E
BN 2ZES AR,
2.3 KRR W Ml R RN W IE R SR 5 0 HIL B 4 43 1
KA

AN it R i e 7= i A L A il i 2
FHaER (F2), B, BBEWFEA M L
Wz e 6 357 it 2 it S T Ak 2 49 - ( P<0.05 ) , MPKM
Ab BB R AT 7 RN b L R B A S R T NPK B¢
M 4b B ( P<0.05), H4iiE H25.1% ~ 33.3%, M Fl
NPK 4b B 2 [8] () 25 S AN I8 3. RS 22 10 i AE R
R PL NPKM Ab B 5, %8 NPK AT M Ab 24351 42 =
103 M43 ANEH e AR BEIE A F R L NPK
AP, B M ORI NPKM Ab B3 542 &5 9.2 F1 5.3
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=
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T2 BHAIE 2020 EREFTEMNBEH AR

A Wi
A [EEATke s i 1R B BRALFIIA [EEATke s Hb b BRACA R
(kg/hm®) (kg/hm®) (%) (kg/hm®) (kg/hm®) (%)
CK 3352 +75¢ 124 +0.2¢ — 3407 £ 43¢ 12.9+0.2¢ —
M 5037 +57b 19.8 +0.1b 30.0 £ 0.6a 4827 + 101b 21.3+1.9b 342+7.7a
NPK 5259 + 128b 18.3+ 1.4b 24.0 +5.9a 4531 +118b 235+ 1.8b 434 +7.1a
NPKM 6716+ 178a 29.4 +0.8a 343 + 1.6a 6037 + 86a 31.7+0.9a 38.1+1.7a

E: ARVNGFRFOREBRAR R 22 5% (P<0.05),

AT, B AL PRI R 5 3 25 K
2.4 JCHLWAREZE 73 M S0 5 X 7K R M e
RN R

ANTR) A= T B B R i R TG HIL I 2 7 5
TR A R A A ) R X R A A ]
Ze5e (E4), B8 EEZE ARG B

Al-P. Olsen-P. Fe-P HI £ 55 A K By B: 1 Al-P &
WA, 4 4R B A AT B BRI 72.3%, Hidp
B KB BCAY Al=P F Olsen—P AH X} 51 254 1 4
i 19.0% (Bl 4A); RRERHE FEZERERK
B BX 19 Olsen—P . Al-P. A= %8 A K B Bt (1 A1-P FlI
BIRAEKB B Fe-P S8 52, 4 4> 2 R0 AT

(A) Hgr=a (B) HrEmemst
Al-P (S1) Olsen—P (S1)
Olsen—P (S1) Al-P (S1)
Fe-P (S1) Al-P (S2)
Al-P (S2) Fe-P (S1)
% Olsen-P (S2) % Olsen-P (S2)
E FeP(%2) 2 FeP (s2)
R R

Ca—P (S2) Ca—P (S2)
Ca-P (S1) O-P (S2)
O-P (S2) O-P (S1)

O-P (S1) . Ca—P (S1) . . . . .

0 5 10 15 20 25 0 5 10 15 20 25

AAFHEIE (%) AARELE (%)
(C) WekgEr=& (D) WeFEmL i
Al-P (S2) Fe-P (S1)
Fe-P (S1) Al-P (82)
Al-P (S1) Olsen—P (S1)
~ Olsen-P (S1)  Fe-P (S2)
% Fe-P (S2) % Al-P (S1)
£ o-P(SD S CaP(S2)
TR R

Olsen—P (S2) Ca-P (S1)
Ca-P (S2) O-P (S1)
Ca-P (S1) Olsen—P (S2)

O-P (82) . O-P (82) ‘ . . . .

0 5 10 15 20 25 0 5 10 15 20 25

AR E R (%)

AR E I (%)

B4 BEFHMKESENRBENENERZYE

T Olsen—P (S1) —#E 3L KW R0 & ik s AI-P (S1) —#E3R2E KM AI-P &85 Fe—P (S1) —#E 34K Fe-P &85 0-P (S1) — #5334 K10
O-P 715 Ca—P (S1) —EFERKW] Ca—P Fit, Olsen—P (S2) —FE/E KA RS 15 AI-P (S2) —EFHAERKH] AI-P %55 Fe-P (S2) —/E5H
A Fe-P B; O-P (S2) —A884 K 0-P & ; Ca=P (S2) —AA4: K Ca—P & iR,
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HEM I 69.9%, Hrh B R4 K B B Olsen—P
F1AL-P AH X H S 4 8 1 19.0% (B 4B ), I A
e EEZ A A K BR AP, ERAKR
B 1Y Fe-P. Al-P 1 Olsen—P 7 H 52 1, 4 4> [H £
S B RE R B MR IR 70.4%,  Hordh AR B A KB BE Y
Al-P FUE F7 4 K By BE B Fe—P AH X 5120 34 8 1
20.0% (&1 4C); MRS & £ 22 B R K B
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Annual changes of inorganic phosphorus form in red paddy soil within one year and its relationship with
phosphorus fertilizer utilization

HUANG Jing" *>, ZHOU Ling-hong’, GAO Ju-sheng" *, LI Dong-chu" *, LIU Li-sheng" *, ZOU Ping*, LIU Shu-jun" *",
ZHANG Hui-min" > (1. State Key Laboratory of Efficient Utilization of Arid and Semi-arid Arable Land in Northern China /
Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081 ;
2. Hengyang Red Soil Experimental Station, Chinese Academy of Agricultural Sciences/Qiyang Farmland Ecosystem National
Observation and Research Station in Hunan Province, Qiyang Hunan 426128; 3. Agricultural and Rural Bureau of Shigu
District, Hengyang Hunan 421001; 4. Agricultural and Rural Bureau of Hengyang County, Hengyang Hunan 421200 )
Abstract: The effective supply of phosphorus in paddy soil in red soil area is the key to ensure the high yield of rice. Soil phosphorus
availability is closely related to the transformation of phosphorus forms. However, the changes of inorganic phosphorus forms
in the key growth period of double cropping rice under different fertilization and its relationship with rice phosphorus utilization
efficiency are still unclear. Based on the long-term experiment of combined application of organic fertilizer and chemical fertilizer
since 1982, control (CK), single application of organic fertilizer (M ), single application of chemical fertilizer ( NPK ) and
combined application of organic fertilizer and chemical fertilizer ( NPKM ) were selected. This study monitored the changes of
inorganic phosphorus components and phosphorus utilization rate in the key growth period of double cropping rice, and analyzed
the correlation between them. The result showed that there were significant differences in the total amount of inorganic phosphorus
among different treatments at different growth stages ( NPKM>NPK>M>CK, P<0.05) . The change of total inorganic phosphorus
after fertilization mainly occurred in tillering stage and full heading stage. The contents of Al-P, Fe-P and Ca-P in NPK and NPKM
treatments were significantly higher than those in M and CK treatments at different growth stages of early and late rice ( P<0.05) .
The average contents of Al-P, Fe-P and Ca-P in the late rice growing season of each treatment were higher than those in the early
rice growing season, with an increase of 4.6%-19.8%, 0.2%-8.6% and 3.4%-23.3%, respectively. The average content of
O-P in the late rice season of each treatment was 8.4%-35.0% lower than that in the early rice. The change trend of the proportion
of inorganic phosphorus components to total inorganic phosphorus in early rice season and late rice season was the same among
different fertilization treatments. The order of the average proportion of Al-P, Fe-P, O-P and Ca-P to total inorganic phosphorus in
each treatment was NPKM>NPK>M>CK, M>CK>NPK>NPKM, CK>M>NPK>NPKM and CK>M>NPK>NPKM, respectively.
The grain yield and phosphorus uptake of early and late rice increased significantly with fertilization ( P<0.05) . The rice yield
and phosphorus uptake of MPKM were significantly higher than those of NPK and M treatments ( P<0.05), with an increase of
25.1%-33.3%, but there was no significant difference in phosphorus utilization rate between different fertilization treatments. The
relative importance of Al-P and Olsen-P content in the vegetative growth period of early rice to the yield and phosphorus uptake of
early rice was more prominent, while Fe-P in vegetative growth period and Al-P in reproductive growth period were more important
to yield and phosphorus uptake of late rice. In the case of combined application of organic and inorganic fertilizers, it is necessary to
optimize the amount of phosphorus fertilizer and strengthen the regulation of phosphorus fertilizer at tillering stage and full heading
stage of early rice and late rice to improve the utilization efficiency of phosphorus fertilizer.

Key words: red paddy soil; key growth period; inorganic phosphorus form; utilization rate of phosphorus ; long-term fertilization
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