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Abstract: [ Objective ] Phosphorus is an essential nutrient element that affects the growth, yield and quality of crops. 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 experiment (0-80 days) with
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different concentrations of exogenous P addition [0(CK), 125(P1), 250(P2), 500(P3), 625(P4), 750(P5)mgkg '], 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
N A = A5 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 11.20b 1.43a 0.59a 8.25b 27.25a

OP 400 ~ 500 4.18c 28.40c 3.51b 0.58a 8.23b 44.83b

¥: NP, #HifgH; MP, TIARGH; OP, ZFH. RIMHFEFAFRRARLEZRILEEZS (P>0.05). FF. 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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1.4 TEBAHERNE

35 pH R A%, 1 mol- L 'KCI I IR,
WA HR 2.5 0 1; AABE (Bray-P) SR LR -UL
Bk,
1.5 HUERESHH

% [ Microsoft Office Excel 2016 4434745
#5400, {#1 IBM SPSS Statistics 26 #0447
J57 2530, R Origin 2022 # b #Ei7 4214 .
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—&8—P1 -4-P2 -0-P3 -&-P4 -v-P5

ABray-P/ATP/%
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5 15 30 60 80 5 15 30 60 80 5 15 30 60 80
NP MP OP
Q¥R ] 15355 E] Treatments and incubation time/d

TE: NP, MP, OP ZMHIR/mgf il . RS . ZERH; P1 ~ PS A BIRRAAACEBR R, 43510 125, 250, 500, 625,
750 mg'kg', F[H. Note: NP, MP, OP represent new paddy, medium-term paddy, old paddy, respectively; P1-P5 represent five levels

of phosphorus addition treatments, which are 125, 250, 500, 625, 750 mgkg™,

respectively. The same as below.

Bl 1 AMEBRAS I RS A O (ABray-P ) MH 5B (ATP) il ( ABray-P/ATP) (9451k

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
BTN AEREAR S S (B S), EEF R
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
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