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Abstract: [ Objective ] Phosphorus is an essential nutrient element that affects crop growth, yield enhancement and quality
improvement. Due to the application of a large amount of phosphate fertilizer and the lack of scientific management, the
utilization rate of phosphate fertilizer is low and the environmental risk increases. Thus, it is important to know the effects of
different amounts of exogenous phosphorus(P) addition on P bioavailability components in paddy soil under flooding conditions.
[ Method ] Three soil samples were collected from the new paddy field (NP, 2-3 years), medium-term paddy field (MP, 20-30 years)
and old paddy field (OP, 400-500 years) in Sunjia small watershed of Yingtan, Jiangxi Province. Based on the flooding culture

* ERHRBISETH (42077087 ) %8 Supported by the National Natural Science Foundation of China ( No. 42077087 )

+ WIR/E#E Corresponding author, E-mail: ylwang@nuist.edu.cn
fEF A W 48 (2000—), 5, BIHCERI, BiL0Fsed, FREOFEAk. HIERE A EREET M. E-mail: 1872655854@qq.com
Wk BT 2022-05-235 BB MR B 0. 2022-10-09 5 W4SE & B (www.cnkinet): 2023-01-18

http://pedologica.issas.ac.cn



516 + e 2 il 61 45

experiment (0-80 days) with different concentrations of exogenous P addition [0(CK), 125(P1), 250(P2), 500(P3), 625(P4),
750(P5)mg-kg '], the test for simulating the bioactivation process of biologically based P(BBP method)was adopted. The dynamic
changes in the increment(A)of soluble P(Ca-P), easily activated and released P(Ci-P), easily mineralizable acid phosphatase
(En-P), and the potential inorganic P(HC-P) were analyzed, and the correlation between all P components and influencing factors
were evaluated. [ Result ] The results showed that under flooding conditions, exogenous P addition could significantly increase the
available P(Bray-P) and BBP components such as Ca-P, En-P, Ci-P and HC-P in paddy soil, and the increment of P contents of
each component increased significantly with an extension of P addition. The increment of BBP components was changed by the
order: ACa-P < AEn-P < ACi-P < AHC-P. On day 15 of incubation, the ACa-P and ACi-P in the new paddy field reached a
maximum value while on day 60, the ACa-P, AEn-P, AHC-P and ABray-P in the medium-term paddy field reached their maximum
value. However, the P content of each component did not change significantly in the old paddy field. The ratio of ABray-P to
ATP(ABray-P/ATP) in paddy soil after exogenous P addition showed the same trend as that of ABray-P, but there was no
significant difference among different P additions. Path analysis showed that exogenous P addition had a significant direct
positive effect on ABray-P in new and old paddy soil; ACi-P had a significant direct positive effect on ABray-P in new paddy field;
AHC-P and ACa-P had a significant direct positive effect on ABray-P in medium-term paddy field, and AEn-P had a significant
direct positive effect on ABray-P in old paddy field. [ Conclusion ] Although exogenous P addition can significantly increase the
components of the bioavailability of P in paddy soil, the emergence stage of the maximum increment bioavailability of P in paddy
soil is different. Therefore, it is of great significance to timely and appropriately apply P fertilizers for the improvement of P
fertility and the risk control of P loss in paddy fields.

Key words: Paddy soil; Biological-P fractionation; Phosphorus bioavailability; Phosphorus addition; Path analysis
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Table 1 The basic physical and chemical properties of the tested soil

R A = 2R 20 A%
T 2 TP AT R
pHkal Total carbon/ Total nitrogen/ Total phosphorus/ C/N Bray-P/
Paddy field type Cultivated year/a
(gkg") (gkg!) (gkg") (mgkg™)
NP 2 ~3 3.84a 7.51a 1.22a 0.51a 6.32a 46.67b
MP 20 ~ 30 4.02b 11.2b 1.43a 0.59a 8.25b 27.25a
OP 400 ~ 500 4.18c 28.4c 3.51b 0.58a 8.23b 44.83b

¥ NP, #ifgH; MP, HHIREH; OP, ZFH. RIIMHFEFHFRARLPEZRILEEZS (P>0.05), TFA. Note: NP,

new paddy; MP, Medium-term paddy; OP, old paddy. The same letter in the same column means no significant difference between different

soils ( P>0.05) . The same as below.
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E: NP, MP, OP Zrill /"G . hIREH . E/RH; P1 ~ PS5 45RO KEBERMALEE, 43500 125, 250, 500, 625,
750 mg-kg 'c FlAl. Note: NP, MP, OP represent new paddy, medium-term paddy, old paddy, respectively; P1 ~ PS5 represent five

levels of phosphorus addition treatments, which are 125, 250, 500, 625, 750 mg-kg™', respectively. The same as below.

Bl 1 SNBSS A S A (ABray-P) KH GNEEE (ATP) LB ( ABray-P/ATP) HIZAR{k

Fig. 1

Changes of Bray-P increment ( ABray-P ) and its proportion ( ABray-P/ATP ) to added phosphorus ( ATP ) in paddy soil with exogenous

phosphorus addition
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Fig. 2 Changes of pH in paddy soil with exogenous phosphorus addition
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Fig. 3 Changes of Ca-P increment ( ACa-P ) and its proportion ( ACa-P/ATP ) to added phosphorus ( ATP ) in paddy soil under exogenous
phosphorus addition
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Fig. 4 Changes of En-P increment( AEn-P )and its proportion( AEn-P/ATP )to added phosphorus( ATP )in paddy soil with exogenous phosphorus

addition
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Fig. 5 Changes of Ci-P increment( ACi-P )and its proportion( ACi-P/ATP )to added phosphorus( ATP )in paddy soil with exogenous phosphorus
addition
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Fig. 6 Changes of HC-P increment ( AHC-P ) and its proportion ( AHC-P/ATP ) to added phosphorus ( ATP) in paddy soil with exogenous
phosphorus addition

23 TEHAYEANMEBESMIEE 5ApH X R
2 2 A LUE Y, AMEBES MG NP HPACa-P .,
AEn-P. ACi-P FIAHC-P 5 ABray-P 3] 21 i 3% 1EAH
XHZ (P<0.01); AHC-P S5ApH 4% W3 E A
(P<0.01), MiACa-P, AEn-P, ACi-P #lABray-P 5
ApH TGl EHI KK R (£ 2 ). MP 1ACa-P ,AEn-P
ACi-P HIAHC-P 5 ABray-P ¥ 52 % 8 % IF A E L &

(P<0.01); ACi-P FIAHC-P 5ApH & i 3 E 415
X% (P <0.01), MACa-P. AEn-P FlABray-P ¥
5ApH TR FEMILLHR (£ 2). OP H1ACa-P,
AEn-P. ACi-P FMIAHC-P 5 ABray-P ¥ 5 # i & iF
HFFKZ(P<0.01); ACa-P, AEn-P, ACi-P,AHC-P
1 ABray-P 5 ApH Y 24 3 IEAHE KR (P<0.01)
(£2),

T2 EHEYENIEHESIEE SApH BUHEXE

Table 2 Correlation between the increment of bioavailable phosphorus components and ApH in paddy soil

T Eizgn
ACa-P AEn-P ACi-P AHC-P ABray-P ApH
Soil type Index
NP ACa-P 1.000 0.519" 0.740™ 0.653" 0.700" 0.174
AEn-P 1.000 0.664" 0.906" 0.900" 0.347
ACi-P 1.000 0.541" 0.817" -0.259
AHC-P 1.000 0.848" 0.581"
ABray-P 1.000 0.186
ApH 1.000
MP ACa-P 1.000 0.826" 0.516" 0.650™ 0.837" -0.265
AEn-P 1.000 0.469" 0.639” 0.769™ -0.079
ACi-P 1.000 0.820" 0.772" 0.468"
AHC-P 1.000 0.934™ 0.420"
ABray-P 1.000 0.206
ApH 1.000
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ACa-P AEn-P ACi-P AHC-P ABray-P ApH
Soil type Index
OoP ACa-P 1.000 0.864" 0.740™ 0.948" 0.926" 0.889"
AEn-P 1.000 0.741" 0.905" 0.963" 0.819"
ACi-P 1.000 0.730™ 0.766" 0.594"
AHC-P 1.000 0.966" 0.929"
ABray-P 1.000 0.9017
ApH 1.000

e R R R IRTE 0.05 F10.01 KF E &3 . . Note: * and ** denotes significant correlation at 0.05 and 0.01 levels,

respectively. The same as below.

WARATEER (F 3) £, FEFREE (T),
ShEBE RN ( ATP ) FIACI-P XJ 8 fg M 3 p
ABray-P 1) ELHEERZ A W E K-, HAPATP 1Y H
AR R B K (0.750 ), H EZE T AEn-P FIACi-P
Xof HL 7= AR (142 IE ] 52 00 5 ACI-P X s H 46 vh
ABray-P A HEIE M 0 ; T X AE M - 5erh
ABray-P A HiEH 5N (£ 3 ). AHC-P FIACa-P
Xof 01 FH 138 1 ABray-P (4 1 4552 M0 3k 1 35K,
HPAHC-P By B8 R 80K K (0.527 ), HAHC-P

F @ T ACa-P Xf ABray-P A B R [H] 42 1E [m RN
(% 3 ). ATP FIAEn-P X} % F5 H 34 ABray-P [ H.

PR WA g K, AP ATP A9 B EGER R AR K
(0.831), H F @t AEn-P X H 7™ Ak 6] 42 1F 1] 5% 0
(F 3). = RhRpRL AT FRAE B S A BB 42 40 i 2

FIARAEFRC Y ) AMEBE R N ( ATP ), ACa-P FIAEn-P
X A 4 3E v ABray-P A4 1502 5 R 1A B I 2 KR

X 43 f ABray-P 394 BEAZIE i m, Hop
ATP ) H A E R R K (0.558 ),

Fz3 THHEAEMHMEE (ABray-P) SH£YENMBESIEEFApH 2 BRBERE

Table 3 Path coefficient between ABray-P and the increment of bioavailable phosphorus components and ApH in paddy soil

HiEHEAAR R [A]H5M A2 240 Indirect path coefficient
Fei H Ef=tan

Direct path

Paddy field Index T ATP ACa-P AEn-P ACi-P AHC-P ApH
coefficient

NP T -0.170" 0.000 0.000 0.006 0.006 —-0.146 -0.051 0.174

ATP 0.750" 0.000 0.000 -0.032 0.101 0.243 -0.205 0.086

ACa-P —-0.047 0.021 0.506 0.000 0.056 0.255 —0.140 0.042

AEn-P 0.107 -0.010 0.710 —-0.024 0.000 0.228 —0.195 0.083

ACi-P 0.344" 0.072 0.530 —-0.035 0.071 0.000 —-0.116 0.062

AHC-P -0.215 —0.040 0.716 —-0.031 0.097 0.186 0.000 0.139

ApH 0.240" -0.123 0.270 —-0.008 0.037 —-0.089 0.139 0.000

MP T —-0.015 0.000 0.000 0.022 0.000 —-0.002 0.046 0.004

ATP 0.244 0.000 0.000 0.140 0.001 0.005 0.484 —-0.007

ACa-P 0.286" —0.001 0.119 0.000 0.001 0.004 0.343 0.003

AEn-P 0.001 —0.001 0.135 0.236 0.000 0.003 0.337 0.001

ACi-P 0.007 0.004 0.192 0.148 0.000 0.000 0.432 —0.005

AHC-P 0.527" —0.001 0.224 0.186 0.001 0.006 0.000 —0.005

ApH -0.011 0.005 0.149 -0.076 0.000 0.003 0.221 0.000
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ik
HEBERH [A]$HzH 72 R4 Indirect path coefficient
Fei BhR
Direct path
Paddy field Index T ATP ACa-P AEn-P ACi-P AHC-P ApH
coefficient
OP T -0.034 0.000 0.000 -0.001 -0.021 0.012 0.012 0.000
ATP 0.831" 0.000 0.000 -0.010 0.140 -0.025 0.086 -0.001
ACa-P -0.011 -0.002 0.778 0.000 0.128 —0.024 0.083 -0.001
AEn-P 0.148" 0.005 0.785 -0.010 0.000 —0.024 0.080 -0.001
ACi-P -0.032 0.013 0.640 -0.008 0.110 0.000 0.064 -0.001
AHC-P 0.088 —0.005 0.812 -0.010 0.134 -0.023 0.000 -0.001
ApH -0.001 —0.007 0.763 -0.010 0.121 -0.019 0.082 0.000
e H Y 0.095™ 0.000 0.000 0.010 -0.071 0.014 0.000 0.002
Paddy field T —0.018 0.000 0.000 ~0.003 0.005 -0.030 -0.024 -0.002
ATP 0.558™ 0.000 0.000 0.124 0.239 0.060 ~0.148 -0.005
ACa-P 0.195™ 0.000 0.356 0.000 0.212 0.054 -0.099 -0.002
AEn-P 0.323" 0.000 0.413 0.128 0.000 0.045 —0.111 -0.003
ACi-P 0..082 0.006 0.408 0.128 0.175 0.000 -0.103 -0.001
AHC-P -0.156 -0.003 0.508 0.124 0.230 0.054 0.000 -0.005
ApH -0.010 -0.003 0.294 0.032 0.091 0.012 -0.082 0.000

W T ONESRETE; Y IFAEAEBR . Note: T represents incubation time; Y represents cultivated year.

3 e

RSB R 5 W7 R E TR L& WA [FE
AU LA Y S AL AR R R b ik, R
IBP%MT&UE%@%@ME%Ni%%%%U
LIS 30 2 VN e e 7 N B N T e et 7 )
RCPERT R K S T B A PR AR TR 4% 4 X A H 1
SR T K A ek R AT A Ak g KU
KIEFEE, HiRgE . hIREE LEREE pH Y4 B
WA sh, (A pH Bz (& 2), X5
AW FT S R P22 — 30
WK, REHITh BBP 42048 B ¥ it 5 AN R
TR A B ) P S i A B S i ARk L 3 ~ 1Bl 6),
X5 4 R 0 [ 5 5 RO R LA Y Bk
7 4 ) [ o B S A HE W R RN, A
T 55 S i 5 3 v Y B A ROV R R A
ol B R B 2 R 1, X SRR KRR B LY
WW%i%ﬁﬂﬁm]&P%EOMm&Uwa
VAR TR AT v R AN RS TS g SR R

B H P ACa-P B EwR B (K 3), £
BRI R KT, AR A PR, Fe’
I, AR R BRI BRI R R, [ ACa-P 15
DA, [ AR B R, B A
B A 5 i B R 20 (EL B R Rt Rl B R, ]
T VR W DR 32 i g g U I RR [ AR B Uk
Ao RS H ACa-P ) 5 B A 22 48 i /D 1 B
NS WS R (B 3), BB ALY
GHEFMREEZ 2R, SMEBENEE EEH
B IR R TR, JUHERTH KB ELER
To € B8R40 1 A ) 5K 6 1 2 A0 TR B 32 2 Y
B R B PO peAh, WK R R pH KA
7MtpHMﬁmA$@i%¢7*%ﬁm*%
T 52 A 1 48 e A 3% 18 e AR 55 R o 5067 114 G
%mo PRk B3RS, R A A R
FEZRH 58 pH ARG, FIIL, AMEBRE N
J& IR H P ACa-P ARk J2 5 4 X 8l A I BT A
pH MZAREAT G, SMEREES N2 60 K, H i f
" ACa-P L8| T fe R, 1M bbh) 3 pH T 2 i kK
{H; M5 ACa-P B A, 1 135 pH o 5L FRAIK  #
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(FE 2). Vadas SFP*HA K + 8 K 5 HAX 42 R
pH ] RE S #F TC 2 T AR SE AL T8 B, 5 S50 0% o
AETIRRAG, X S5 AHF 78 245 A — 3k

En-P & M 0.02 EUmL' % ¥ ® W i F1
0.02 EU-mL ™" il B 18 VR 45 12 BB %) ) ok 7 Pl i
il LA R G T A HLBELY, L B S - R R
TEPEAT G, B IR B 1 16 1 2 B pH KA
LRSS FRGL . SNEBRR I, P
I H1AEn-P 525G RS 3 I PR REAR A a5 (K 4),
SMBEBEAIN 0 ~ 15 KEF, ThIAE H 1 AEn-P & 8T
Wb, kR RE R RN K R R HEAL TR R AR,
45 i 25 10 Bk SR AR G R R 1w R A T A
TR B %) 11 2 W BV ) i fs AP RS AR AEn-P
BN pH - FHA B RPY, 1 Ci-P KR4
VR T W B A BE B 55 R4 T AL-P . Fe-P i A TCHLIE
PEBER!, R 0.01 mol-L " MR v W B2 LI 5 9 5
PLER TG FL AR, SNBSS, A8 P ACI-P &5
BN ELREAR R S (K S), EEFERESEE
T30 X A W B 553 LA R 55 R TR AR AT
s HAK A ALY P LIS R £ s (HBEE 5 97
A PR B, X B8 1% WA A R 0 BH S ik, [ )8
3 TR R DA VA A7 AR /N 1) T 2 TR 40 B 46 I BB e . ke
BRI A B R R, FBACI-P WP
SR, TEBRISINES 60 KA, H I HPACI-P B3
e, HY5 pH S B EFEMHELER (F£2), Hik
XE5HIREHE pH ETHA 5 (B 2). AFESMEBETR
T 4 R AR WA RO AL AR R R
FHIA o BIFFEFEH AR S Ab A Xl Tl 2 o 7% 2 [ et
K55 T ANz iR 3 vk BE i s i B2, e IR e
ACi-P/ATP S I BEE BEAS I s i R (& 5 ),
X FBSMNEA B4 Ci-P By He 6 Wi n, wT
e UM KPR, B R SR 5 iR R AL P g
MUEETE A W ME T, IR s KT m e, Bk
SYE A YIE S R LA Y 5 TR e
AMEBEAS N S KN 30 KA, B H 1 ACI-P/ATP Fifi
WV N A 1 0 TR R A, X R RE R O R TR]
VAR S 1 - G R Al 1 fe i

FIEAE AT 45 R ARG I h HC-P & 5ApH
EREIEMIEER (£2), HC-PJ£H I mol L' &
i 5 EL A i o o 0 AR A T e E LB MR BRI
TG, HRE H HAHC-P 2 e85 PR p i, X
S PRUA S 7K A R DR SR R B 0 T i A s 5 A

BRSNS 60 KIF, rhiiAE H i AHC-P iA 3 e KMH.,
IS 148 pH A B KA, HAERINBEG 80 KAT
pH AL (& 2), HHEXTREAEEHE I, Mo
AHC-P HIR#AK .

FHRIBRAS I T, BRSO 2 /% ABray-P 4%
TSRS R, X RTRBSE TR F A RS F rh AR S
W5 TR Bray-P. ANEBERIN 60 KA, HiFE
H 1 ABray-P/ATP kB mfl, 32225 2 01 H
pH 1 25 T 5 S5O R R B R 1 1) e P 346 i 200,

WAESHT (F£3) Won, BRINE (ATP) X3
Fef FH A A8 B P ABray-P B BLEE IE RGN Fe ke, 439
TR B I 2 AT R 8 2K, 16 A1 YA I 7 e 1
HIERG H 1 ABray-P 1) EZORUR . A% H BBP 4143
W4 5 X ABray-P [ B AUV T 5, ACI-P A X B 6
H H Y ABray-P EH:IERN 3K, B E]E &K,
Vi I 75 H Hh ABray-P %2k H ACi-P, AHC-P Al
ACa-P X} Fh 145 I o ABray-P B9 B 42 ESUN fe K, H
Yk B M K (R 3), XERB PG -H P
ABray-P T %% [ AHC-P HIACa-P; [fij AEn-P X}
H Y A9 ABray-P A B 3% HIEIERUY (£ 3), XEH
EAE H H ABray-P £ %k H AEn-P. #i 5 H HACi-P .,
ACa-P F1ABray-P ¥ 7ESMEBER NG 26 15 Kk F]
R, HPACI-P &5 ABray-P 1) EZH -+,
RS H 1 ACa-P, AEn-P. AHC-P FIABray-P #J7E 4k
EBEA NG5 15 Kefik 8 KfE, 1MACa-P FI
AHC-P JER N ABray-P i FZHF, HiL, XHHiE
P it D 98 A i 455 A 200 1) Wt % 000 2 i i S
B0 A= AT I IF 4 S AT A FH S0 .

4 %5 i

MGV I T 25 BN FE W 04 A W A
% BBP 440G 5 K /MKIK R . ACa-P < AEn-P <
ACi-P < AHC-P. ARBTG5 A H A2 A H o
ABray-P SZ0 fe K B RS H L RS H R R
ABray-P 43l 22k F 5 A HLIR IS A6 R T i) il A
TELE OO . 1T IR Pl LA B 5 5 I e o T A P
g i AL A LB o AN )4 BR R FH A 0 Rk i 2y
o AIMIE A VA 00018 e SO AN TR) S e R R R 30D e i
AT 4390 2 SR AR VR T W HE Y 15 0 60 KRl
1, BORA AT 3 e s R A R A B R, ELRE >
- R R A ok 1 ER BT AR

http://pedologica.issas.ac.cn



24

HOARSE . AMIEREIS N BN TR 45 BR A FH R AR A 525

S %3k ( References )

[1]

Shi W, Zhang L M, Wang J S, et al. The subsequent
effects of phosphorus fertilization in upland red soils and
the underlying mechanisms[J]. Acta Pedologica Sinica,
2022, 59 (4): 1100—1111. [Afh, TKmHy, EHhH,
G WRNCAE 5 b 20 bR I ARON B AR AL T].
T4, 2022, 59 (4): 1100—1111.]

Mogolléon J M, Beusen AH W, van Grinsven HJ M, et
al. Future agricultural phosphorus demand according to
the shared socioeconomic pathways[J]. Global Environmental
Change, 2018, 50: 149—163.

Jiang B S, Shen J L, Wang J, et al. Effect of straw
incorporation on biologically-based phosphorus fractions
and phosphorus uptake by rice in paddy field[J]. Journal
of Soil and Water Conservation, 2020, 34( 6 ): 309—317.
G, @Ak, TR, % FfFCHRBEHTIEAY
A RETE MOK R [I]. K AR, 2020, 34
(6): 309—317.]

Hoang K T K, Marschner P. Plant and microbial-induced
changes in P pools in soil amended with straw and
inorganic P[J]. of Soil
Nutrition, 2017, 17 (4): 1088—1101.

DeLuca T H, Glanville H C, Harris M, et al. A novel
biologically-based

Journal Science and Plant

approach  to  evaluating  soil
phosphorus availability across complex landscapes[J].
Soil Biology and Biochemistry, 2015, 88: 110—119.
Cai G, Hu Y J, Wang T T, et al. Characteristics and
influencing factors of biologically-based phosphorus
fractions in the farmland soil[J]. Environmental Science,
2017, 38 (4): 1606—1612. [$EM, WA 4%, Fiét,
G HET AR R R AR T A SR 2 AL AR R AE M Y
Wi R AT [T]. PR, 2017, 38(4): 1606—1612.]
Yuan J H. Availability of soil P in a rice-wheat cropping
rotation in Taihu Lake region[D]. Harbin: Northeast
Agricultural University, 2018. [RIEE:. KR L #1E
A I+ 3B R AL WA S PERF K [D]. WRRIE : ARdqlr
K2, 2018.]

Huang YL, CuiLJ, LiCY, et al. Biologically-based
availability and influencing factors of soil phosphorus
under different vegetation in coastal beach wetlands[J].
Ecology and Environmental Sciences, 2019, 28 ( 10):
1999—2005. [B M=%, HEIH, 2EX, F. EHEHER
T b A [ A b SRR 1) A A A B L e PR 43
[J]. A=BHEHR, 2019, 28 (10): 1999—2005.]
Liu Y H, Wei X M, Wei L, et al. Responses of
extracellular enzymes to carbon and phosphorus additions
in rice rhizosphere and bulk soil[J]. Scientia Agricultura
Sinica, 2018, 51 (9): 1653—1663. [X| E#, B,
BT, 55 KFEARERFNAEAR PR L AR MG S PR X B . B
FNAYUARE[T]. A EARL AR, 2018, 51(9): 1653—1663.]

[ 10 ] HuYF, LiuJ P, Wang ZK, et al. Rotation increases soil

[11]

[12]

[ 13 ]

phosphorus bioavailability and improves phosphorus
nutrition of the latter crop in rotation[J]. Journal of Plant
Nutrition and Fertilizers, 2021, 27( 8 ): 1305—1310. [ﬁﬂ
TBIL, X, EFHE, 55 ferEsR e LI A A AL
PEdkE G R BER B IR (] AWE IR S IR AR,
2021, 27 (8): 1305—1310.]

Du J X, Liu K L, Huang J, et al. Spatio-temporal
evolution characteristics of soil available phosphorus and
its response to phosphorus balance in paddy soil in
Chinal[J]. Acta Pedologica Sinica,2021,58( 2 ):476—486.
ARV, MIJTHE, dah, 5. b ERE I e oy
23R AR M X BT pma R[], A, 2021,
58 (2): 476—486.]

Wang L, Wang Y L, Li H, et al. Redundancy analysis of
influencing factors of phosphorus availability in red soil
upland under
Fertilizer Sciences in China, 2021 (1): 17—25. [£7F,
EHFS, 2R, SF. RN T 20 BB R A RS
M P F I TTAR A BT[], v B R S RRE, 2021 (1):
17—25.]

Luo Y F, Qin X M, Nong Y Q, et al. Effects of maize and

long-term fertilization[J]. Soil and

soybean intercropping on inorganic phosphorus forms
and available phosphorus in red soil under different
phosphorus levels[J]. Soils, 2022, 54 (1): 72—79. [3%
Wrad, BEOEEL, AESE, L AFBEIKTENEK - KT
V] %ok 21 338 T WL 2 43 B A Rl 2 e 0], R %,
2022, 54 (1): 72—79.]

National Environmental Protection Agency. Analysis
methods of water and wastewater[M]. 4th ed. Beijing:
China Environment Science Press, 2002. [[E R EE{#
RR KRR AR MW A3 57 5 i (M1.4 bR dbsT: i E R
BiRk# i iRAL, 2002.]
Lu R K. Analytical methods for soil and agro-
chemistry[M]. Beijing: China Agricultural Science and
Technology Press, 2000. [&- s, L3l Ak 2 0¥ 7
BEIM]. U P EOE AR EOR AR, 2000.]
Guppy C. Is soil phosphorus fractionation as valuable as
we think?[J]. Plant and Soil, 2021, 459 (1/2): 19—21.
Sun G F, Jin J Y, Shi Y L. Research advance on soil
phosphorus forms and their availability to crops in soil[J].
Soil and Fertilizer Sciences in China, 2011( 2 ): 1—9. [F)
K3, &4kis, Aoose. RIERERIEE KLY A R
WFFEHERE(I]. T IS HER, 2011 (2): 1—9.]
Shenker M, Seitelbach S, Brand S, et al. Redox reactions
and phosphorus release in re-flooded soils of an altered
wetland[J]. European Journal of Soil Science, 2005, 56
(4): 515—525.

Amarawansha G, Kumaragamage D, Flaten D, et al.
Predicting phosphorus release from anaerobic, alkaline,
flooded soils[J]. Journal of Environmental Quality, 2016,
45 (4): 1452—1459.

http://pedologica.issas.ac.cn



+ i

e 61 %

[ 21 ]

[ 22 ]

[ 24 ]

[ 27 ]

Cui CY, Yan Y P, Wang X M, et al. Speciation
transformation and mechanism of phosphorus and iron in
acid soils in paddy-upland rotation in central China[J].
Journal of Agro-Environment Science, 2022, 41 (9):
1993—2003. [ 50, M EM, F/AB, 25 Ehx
KA VERRME LB BB S AL LALEL. Ol BRI R
AR, 2022, 41 (9): 1993—2003.]

Hseu Z Y, Chen Z S. Saturation, reduction, and redox
morphology of seasonally flooded alfisols in Taiwan[J].
Soil Science Society of America Journal, 1996, 60 (3 ):
941—949.

Sun LN, Chen S, Chao L, et al. Effects of flooding on
changes in Eh, pH and speciation of cadmium and lead in
soil[J].  Bulletin
Contamination and Toxicology, 2007, 79( 5 ): 514—518.

Lu R K. Advances in research on soil phosphorus

contaminated of Environmental

chemistry[J]. Progress in Soil Science, 1990, 18 (6 ):
1—5, 19. [ amm. LEpk R it ). L
HERE, 1990, 18 (6): 1—5, 19.]

Zhao H T. Effects of phosphorus application on soil
phosphorus behavior[D]. Yangzhou, Jiangsu: Yangzhou
University, 2005. [, Hifx LIS R17 05
WL [D]. VLM IR, 2005.]

BoLJ, Wang J G, Wang Y, et al. Effect of flooding time
on phosphorus transformation and availability in paddy
soil[J]. Soils, 2011, 43 (6): 930—934. [z, *
I, A, . WKEE X KRS RIS XL
FRER [T, 4, 2011, 43 (6): 930—934.]
Borggaard O K, Jdrgensen S S, Moberg J P, et al.
Influence of organic matter on phosphate adsorption by
aluminium and iron oxides in sandy soils[J]. Journal of
Soil Science, 1990, 41 (3): 443—449.

Mbene K, SuhTening A, Emmanuel Suh C, et al

Phosphorus fixation and its relationship with physicochemical

[ 28 ]

[ 29 ]

[ 30 ]

[ 31]

[ 32]

[33]

properties of soils on the Eastern flank of Mount
Cameroon[J]. African Journal of Agricultural Research,
2017, 12 (36): 2742—2753.

Vadas P A, Sims J T. Phosphorus sorption in manured
Atlantic coastal plain soils under flooded and drained
conditions[J]. Journal of Environmental Quality, 1999,
28 (6): 1870—1877.

Hong Q Q, Yan X, WeiZ Q, et al. Effects of long-term
fertilization on phosphorus sorption and soil properties in
paddy soil[J]. Soil and Fertilizer Sciences in China, 2018
(3): 61—66, 84. [P, Hile, Bowmw, . KM
it A 5 A S P BN KR - B B s e (D). A
ARk, 2018 (3): 61—66, 84.]

Margalef O, Sardans J, Maspons J, et al. The effect of
global change on soil phosphatase activity[J]. Global
Change Biology, 2021, 27 (22): 5989—6003.

Jiang S W. Speciation, formation, and transformation of
occluded phosphorus in red soils[D]. Wuhan: Huazhong
Agricultural University, 2020. [ZEFAE:. IR ES
BEADEAS JE AR [D]. BB A Pl K2, 2020.]
Liu F, He J Z, Li X Y, et al. Phosphorus solution
concentration and chemical state of adsorbed phosphorus
on goethite surface[J]. Chinese Science Bulletin, 1994,
39 (21): 1996—1999. [XIJL, BALIE, A243H, 4. B
VA VA B 5 B T R T R MR 1 AL POIRAS 0], B
M, 1994, 39 (21): 1996—1999.]

SuL, Lin XY, Zhang Y S, et al. Effects of flooding on
iron transformation and phosphorus adsorption-desorption
properties in different layers of the paddy soils[J].
Journal of Zhejiang University: Agriculture and Life
Sciences, 2001, 27 (2): 124—128. [F¥, HEK,
TR, A KFE K R PR TR 2 OB S ML
KT TR St A A S R (D). WK 2R 2 i Rl
HARRERT, 2001, 27 (2): 124—128.]

(REHE: BRA)

http://pedologica.issas.ac.cn



