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Abstract:  Objective This study aimed to analyze the change of phosphorus fixation capacity and release potential in different
occurrence layers of red paddy soil, to clarify the release mechanism of fixed phosphorus (P), and to evaluate the loss risk of P in
red paddy soil with different planting years. Method Soil samples were collected from the bottom to the top of three typical red

paddy fields in Yingtan, Jiangxi Province. These paddies included a mid-phase paddy field (MP), a new paddy field (NP) and an
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old paddy field (OP). Based on the adsorption-desorption experiment and structural equation model, the variation differences and
influencing factors of phosphorus retention capacity (PSI), maximum capacity of soil fixed phosphorus (MCSP) and the release
potential of the soil were analyzed. Result With the increase of pedogenic horizons depth, PSI and MCSP of red paddy soil
gradually increased, and the order of their changes were: MP > NP > OP and NP > MP > OP. The desorption capacity of
electrostatically adsorbed state P (CaCl,-P) of OP, MP and NP profiles and the desorption capacity of specific adsorbed state P
(EDTA-P) in the OP profile gradually decreased with the increasing profile depth. Also, the EDTA-P in MP (except Ap; layer) and
NP profiles and residual P (Red-P) in soil pedogenic horizons followed an opposite trend. With the increase of profile depth, the
CaCl,-P/EDTA-P in the pedogenic horizons of the OP profile increased, which was significantly higher than that in the MP and
NP profiles. The adsorption-desorption capacity of phosphorus in red paddy soil is mainly affected by SOM (soil organic matter),
TP (total phosphorus), pH and iron-aluminum oxides. The interaction between SOM, TP, pH and iron-aluminum oxides jointly
regulates the number of phosphorus adsorption sites and the strength of adsorption-desorption capacity in red paddy soil.

Conclusion In this research, it was found that the Ap layer of red paddy soils was characterized by the weak capacity of the soil
P sorption and strong capacity of P desorption and a high risk of soil P loss. Meanwhile, Br and C layers showed a stronger soil P
sorption capacity and a weaker P desorption capacity, and a higher soil P fixation capacity than the Ap layer. Compared with the
profile of OP, the exogenous P adsorbed in pedogenic horizons of NP and MP was more easily converted to the specialized
adsorption state and residual state P, thus, resulting in a reduced risk of soil P loss. The risk of P loss in the OP profile was
relatively higher than its counterparts, and timely regulatory measures are needed.

Key words: Paddy red soil; Phosphorus sorption index; Phosphorus retention capacity; Adsorption-Desorption; Structural

equation model
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Table 1 The division of red soil occurrence layer and basic physicochemical properties of paddy field

e W KA
BD/ (gem™) pH SOM/ (gkg ") TP/ (gkg') C/N
Profile Depth/cm Horizon
B H 0~15 Ap, I.1lc 4.06+0.03a 14.7£3.71a 0.28+0.02a 9.04a
New paddy 15~20 Ap, 1.69a 4.09+0.03a 9.14+1.11b 0.190.02b 9.17a
field (NP) 20~40 Br, 1.57a 4.06+0.03a 4.65+2.01c 0.08+0.01c 7.02b
40~80 Br, 1.41b 3.92+0.02b 2.59+0.20d 0.06+0.00c 5.42¢
80~120 C 1.46b 3.8420.04c¢ 1.98+0.26d 0.09+0.00c 3.78d
rh 1A H 0~20 Ap, 0.87¢c 4.01£0.01c 42.6+2.79a 0.72+0.02a 9.67a
Middle paddy 20~25 Ap, 1.38b 4.32+0.11b 11.6+3.66b 0.16£0.02b 9.61a
field ( MP) 25~50 Br, 1.52a 4.76+0.02a 6.49+0.43d 0.13£0.01b 8.37b
50~60 Br, 1.50a 4.72+0.10a 9.57+1.79¢ 0.07+0.00c 7.79b
60~100 Brs 1.33b 4.20£0.13bc 9.90+0.53¢ 0.16£0.01b 6.35¢
ZhEH 0~15 Ap, 1.27ab 4.02+0.02b 45.7+5.38a 0.39+0.01a 9.70a
Old paddy field 15~30 Ap, 1.56a 4.01£0.02b 11.0£2.00b 0.27+0.00b 9.28a
(opP) 30~60 Br, 0.93b 4.01£0.01b 10.1£0.50b 0.23+0.01¢ 8.23b
60~100 Brs 0.96b 4.65+0.06a 8.06+0.39¢ 0.29+0.00b 6.76¢
Flw R KR a-Fe,05/ a-AlL 05/ f-Fe,05/ f-ALOs/
Profile Depth/cm Horizon (gkg') (gkg') (gkg') (gkg!)
ke H 0~15 Ap, 5.57+0.30Aa 3.41£0.69Aa 38.13+2.32Ab 10.6+0.33Aa
New paddy field 15~20 Ap, 4.40+0.32Ab 2.36+0.12Cb 39.90+0.64Ca 11.3£0.28Aa
(NP) 20~40 Br, 1.84+0.56Bc 2.28+0.42Bb 33.60+1.16Cc 11.3£0.29Ca
40~80 Br, 1.20+0.14Cd 2.40+0.37Cb 33.55+0.32Bc 10.9+0.36Ca
80~120 C 0.56+0.17 ¢ 1.75+0113¢ 38.0+4.87b 9.49+0.62 b
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il R R a-Fe,05/ a-AlL 05/ f-Fe,05/ f-ALOs/
Profile Depth/cm Horizon (gkg!) (gkg!') (gkg!) (gkg!)

rh A H 0~20 Ap: 3.19+0.13Ca 3.70£0.39Ab 21.62+0.38Bd 11.0£0.37Ac

Middle paddy 20~25 Ap, 1.74+£0.29Cd 3.10£0.21Ac 56.87+3.16Aa 16.0£0.78Ab

field ( MP) 25~50 Br, 1.26+0.84Ce 2.33£0.01Bd 41.52+036Ac¢ 14.5+1.71Ab

50~60 Br, 2.52+0.14Bc¢ 3.89+0.39Ab 39.11+1.74Ac 15.241.95Ab

60~100 Brs 2.91+0.25Aa 5.71+0.56Aa 48.40+4.40Ab 22.7+1.58Aa

ZHEH 0~15 Ap, 4.00+£0.70Bb 2.96+0.35Bc¢ 16.80+0.83Cd 6.9 £0.80Ba
Old paddy field 15~30 Ap, 3.80+0.32Bb 2.55+0.34Bd 43.61£0.11Bb 11.0£1.53Aa

(opP) 30~60 Br, 4.37+0.14Aa 3.24+0.34Ab 38.57+0.69Bc 12.7+0.95ABa

60~100 Brs 2.40+£0.24Ac 3.49+0.22Ba 54.0243.04Aa 18.7+0.49Ba

TE: BD, LHEATE; SOM, HIEAMLE; TP, HLB; ON, BAL; a-Fe05, FERFAME; a-ALOs, IEMBTAIE;
SFe03, WEBTEALER; fALOs, WiEs bR, ME/NE FREFORE —FEAF K ERZRZRARE (P > 0.05), MHEAKXEFEERR
[Al— & A JZ N E I m R 22 A B % (P>0.05), R, Note: BD, soil bulk density; SOM, soil organic matter; TP, total phosphorus;

C/N, carbon-nitrogen ratio; a-Fe,O;, amorphous iron oxide; a-Al,0;, amorphous alumina oxide; f-Fe,Os, free iron oxide; f~Al,O;, free

alumina oxide; The same lowercase letter means no significant difference between different pedogenic horizon in the same profile( P > 0.05 ),

the same uppercase letter means no significant difference between a different profile in the same pedogenic horizon ( P> 0.05) . The same as

below.
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layer are redox layer 1, redox layer 2 and redox layer 3 respectively, and layer C is the parent material layer. The same as below.
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Fig. 1 Changes of phosphorus fixed ( Pgyeq ), phosphorus sorption index ( PSI) and the solid-liquid ratio of exogenous phosphorus in paddy red
soil pedogenic horizons
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Fig. 2 Changes in the maximum capacity of soil fixed phosphorus
( MCSP) in paddy red soil pedogenic horizons
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desorption ( P > 0.05), and the same lowercase letter means no significant difference between different desorption times in the same

pedogenic horizon ( P> 0.05) . The same as below.

B3 R LA = P MR B ST (CaCly-P) B RY A2 AL

Fig. 3 Release variation of electrically adsorbed phosphorus ( CaCl,-P ) in paddy red soil pedogenic horizons
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Fig. 4 Release ratio changes of electrostatically adsorbed phosphorus ( CaCl,-P/Pgyq ) in paddy red soil pedogenic horizons

232 LMW A (EDTA-P) fisk @ &8
(Red-P) Ay OP & MP ) ifif %P W Jf A
( EDTA-P ) 19 R 7 35 I ) 10 % 32 A9 385 in 38 ¥ 4
ik, B NP Fm WA . 5 Ap, ZHLk, OP Hlm
5 MP #1158 2 5819 EDTA-P B 43 501 5 38 [
T 9.3%~34.0%F1 43.4%~58.7%, NP )i )2
T 1) EDTA-P REMCE W B ZE M T 43.0% ~
90.4%. 5 OP HI Ap, JZ2AHIL, MP &1 Ap, 21
EDTA-P Bt B M T 1.8 f%. 5 OP H1H Ap,
JZ & Br JZAHE, MP #il NP % Ap, 2 & Br JZHY
EDTA-P B¢l i 43 0l &b & 38 in 1 38% ~ 140% Al
25%~165% (& 5 ),

OP . MP & NP it & /£ JZ 5% f A5 8% ( Red-P)
P 2 I TR R B N TR N s 5 Apy EAH L,
OP. MP Al NP H|HIiK)Z R Red-P &1 70 1] 1
FHOINT 3575~ 11.6 4% . 2.12 5 ~5.12 fi5 J 46%~
139%. 5 OP &1 Ap, JAAHLL, MP Fl NP i Ap,
JZ) Red-P & it 437 i 19N 1 1.27 £5 0 2.48 1%
5 OP #I1H Ap, JZHHEL, MP 1 Ap, )2 Red-P 7%
HREWINT 79.4%, M NP HIEICE &2 5

OP it Br, )Z2AHEL, MP 1 NP #|[fi Br 2/ Red-P
SR ) B R T 28.0%H1 43.4% (& 5).

2.3.3  LYEWRENASEE . RE AN S CaCly-P/
EDTA-P ()75 4k OP Al MP | [fii EDTA-P /il it
7 W sk 1) LU A6 ( EDTA-P/Piyeq ) 349 Bt 351 T 0% 5
FXE N E AL, 11 NP f1H i EDTA-P/Ppiyeq 221k
EZRB/AN . 5 Ap JZHMEL, OP fil MP #I K )Z + 3%
) EDTA-P/Ppieq 530 i EREAR T 51.3%~82.0%Fl
57.7%~67.0%; 1M NP %[ Ap, ZF1 Br, JZHY
EDTA-P/Psiyeq 53 B E RN T 18.5%F1 13.7%. 5
OP i Ap, J2H L NP HI1H Ap, JZ /) EDTA-P/Pyieq
WEMERT 37.8% (£2).

OP F1 MP i % £E J2 Red-P/Pyyeq W F T 5 1Y
Wz Ei T, 1 NP FIT Y Red-P/Pyeq T I 3 22
. 5 Ap, EHML, OP F1 MP )2 + 3K
Red-P/Priyeq 7B G T 2.11 £i5~3.85 f5 1 2.22
f5~3.09 1%, 5 OP {1 Ap, JZAHLL, NP &I Ap,
JZH) Red-P/Pryeq WEME NN T 1.75 £, FEHLIE Br
2 12 UL F 2B Red-P/Piyeq K/NIEN Jg : OP > MP >
NP (£ 2).
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LV SRS R TR EA SO i
EDTA-P/(mg-kg™) Red-P/(mg-kg™)
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BCab
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Bb s Ba
—=— 0P
Ba o mp
—a— NP
40 Cb 40 +
=] Cc £
L2 2
S =
o f=H
o a
. Bb .
iid + 60|
o 60 b Aa @
80+ Db m 80
Ba
100} A A 100

T AARIRS RN R — R AR RN R 2 A R Z BB R 25 (P>0.05), AAR/ING G RERIR ) — & 28 2 A R AR AR R Z 1)
TR E2ESF (P>0.05). T, Note: The same uppercase letter means no significant difference between different pedogenic horizons in the
same planting year ( P > 0.05), and the same lowercase letter means no significant difference between different planting years in the same

pedogenic horizon ( P> 0.05) . The same as below.

K5 FEHLIgEL AR GRS (EDTA-P) Bolta Mk B AH (Red-P) SafyaEfk
Fig. 5 Changes in the released amount of specifically adsorbed phosphorus ( EDTA-P ) and residual phosphorus ( Red-P ) content in paddy red
soil pedogenic horizons

Fz2 EHWRMAHE. RBSHA Y LR CaClL-P/EDTA-P B9 1L

Table 2 Proportion of specifically adsorbed phosphorus and residual phosphorus and changes of CaCl,-P/EDTA-P

F HH 26 Paddy field type K2 Horizon EDTA-P/Pfixed/% Red-P/Pgiyed/% CaCl,-P/EDTA-P/%

NP Ap, 474242 99Ab 42.05+1.41Aa 0.47+0.05BCb
Ap, 38.66+2.85Aa 46.50+4.59Aa 0.68£0.06Aa
Br, 42.45+0.45Aa 42.99+0.20Ac 0.77£0.01ABc
Br, 40.91+0.17Aa 48.61+0.25Ac¢ 0.480.00Cc
C 46.44+0.11A 43.31+0.95A 0.54+0.01C

MP Ap; 76.36£0.65Aa 16.40+0.54Cb 0.39£0.00Bb
Ap, 30.39+1.71Ba 54.21+1.14Ba 0.75+0.06Aa
Br, 32.29+0.58Bb 52.79+0.86Bb 0.86+0.03Ab
Br, 30.52+0.32 Bb 55.79+0.36Bbc 0.75£0.01Ab
Brs 25.17+0.04Ca 67.01£0.95Ab 0.49+0.03Bb

OP Ap; 74.69+1.13Aa 15.28+0.91Db 0.88+0.05Ba
Ap, 36.40+0.36Ba 47.54+0.13Ca 0.90+0.03Ba
Br 19.09+0.68Cc 66.62+0.06Ba 1.18+0.02Aa
Brs 13.40+0.54Db 74.12+0.62Aa 1.37+0.05Aa
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OP | CaCl,-P/EDTA-P B ] Th B2 1 15 fin
BTt E . 5 OP i Ap, J2#HLL, OP #lif Br )2
K Brs JZJ CaCl,-P/EDTA-P B EFHHNT 34%H
55%. MP FlI NP |1 i) CaCl,-P/EDTA-P 4 7E 5] 1
) Br, ZBUS R K. 5 OP Hlis kA JZ ML,
MP HI|EF NP #H4 %& 4 21 CaCl,-P/EDTA-P 43
MR ERIR T 17%~55%F1 25%~47% (£ 2 ).,
24 TEHAELZEREWRBIEEHFBRRE N

M (& F

BT 2540 7 BB ALK A AR AE BR . AT LT
(SOM). 4# (TP)., C/N. pH. k¥ &bk
(a-Fe,03). AEMBTA M (a-ALOs ). B A
8k (f-Fe,05). MBS ES (fALOy) 54
2 PSI MK RIAT TS, MELSEEL: R
FRAHRE (Y )=83, HHE(d)=3, P=0.041,
Fe# A 5% ( CF1) =0.955, Tucker-Lewis 2%k
( TLI )= 0.849, it {13 22 #4757 #( RMSEA )= 0.205,
FREfL T iR 2% (SRMR) = 0.114, Z55R %W
Fei P 21 3 vp 2k R SRR W 0 4% & A 2 PST R IE [ 4
ML Hd, a-ALO; Fl f2ALO, i T EAEH , f~ALLO;
IS 2 5 T a-ALOs; T SOM I TP WX 4% &
A2 PSTR S m AR, i, SOM By KT TP
(K 6).

e FE bR ) T 1 A8 A B 5 SO ) AT A PR AR

HH 2030w PSI Bys2 i X 72 Fe AT, Rk,
13 pH . SOM . il B KR AP f~Fe 05 f~ALO; )
PIIAE RS ERER E ) (0-Fe05. a-ALO; ) 54
RAEZE PSI Z AT T2 A0 Hr, 45251 (% 3)
. NP & PSI %5 SOM. a-ALO;. f-Fe,O;
LK f-ALO B 5K, [mIH 5N : PSI=-432.0 -2.31
SOM + 1.47 a-Al,05 + 0.25 f-Fe,05 — 0.12 f-Al,05.

A T
Physicochemical}.
properties 5

WU 2

: N
Yot Ay A
Iron aluminum v
oxides of soil

T FR Ak EMEE AR RS, SLLFIRIEM
F, BERFRMANSE; ***3FRIR P<0.001, **FK/x P<0.01, *FR
P<0.05. T[A], Note: The value of each arrow represents the path

coefficient. The solid line indicates a positive correlation and the
dotted line indicates a negative correlation. *** means P <0.001, *

* means P <0.01, * means P <0.05. The same as below.

Kl 6 PSIZEHTr PRI IR

Fig. 6 The structural equation model results of PSI

%3 TEHECESIE PSI ¥MEFHZELSEADTER

Table 3 Results of stepwise regression analysis of PSI influence factors in the paddy red soil profile

e &1 EASER Frifdl 4k T
Paddy red soil Influence factor Standardized Coefficients Significance

NP SOM -2.307 0.000*
a-Al, 04 1.466 0.000%*

f-Fe,04 0.250 0.001*

f-ALLO5 -0.122 0.008*

MP a-Fe,0; —-0.785 0.000*
a-AlLO; 1.529 0.000*

f-Fe;03 —0.190 0.001%*

OP pH 0.242 0.000*
a-AlLO; 0.285 0.000%*

f-AL, O3 0.955 0.010%
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MP T 1 PSI £ 5 a-Fe,05.a-AL 05 LA I f-Fe,0;5
A5, HFE R : PST=142.0 - 0.79 a-Fe,05 + 1.53
a-AlL O3 — 0.19 f-Fe,0;., NP 1) PSI FE 5 pH,
a-ALO; LK f~ALO; A ¢, MIHJ5 8  : PSI=-1074
+0.29 a-ALO5 + 0.96 f~Al,05 + 0.24 pH.,,
FEH 213 % )2 CaCl,-P 5 EDTA-P B

5 PR 2R (45 40 R AR R PO 25 SR AT (o7 = 254,
d;=15,P=0.044, CFI=0.917, TLI = 0.850, RMSEA

e: SLili s
Physicochemical
properties

sy |
Iron aluminum
oxides of soil

=0.129, SRMR =0.152 ), &l 7 7]%1, SOM #1 TP
X 4038 % 4R 2 EDTA-P (9 W B 7 e 1F 1) 7
FH, TR AR AR BRI R 7 1 AR T R AR AL 0t
FE T3 % )2 CaCly-P B BE 6 67 ) VA .
pH XA 213438 & A= 2 v e PRI RS  ( CaClLL-P )
5L A B (EDTA-P ) W% E 1 0952 ma 7 F &
LY, X CaCl-P HYf#ME RE JJ kS iE T 4EHT, {HXT
EDTA-P ME i mfEH (& 7).

CaClz-P ‘%
- pH
0160 .
X
O?’(',\f"'
T | AR
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EDTA-P N o340

7 WM BE (CaCly-P) FIGHENMIZHE (EDTA-P) fRIR I Jr B 25 5
Fig. 7 Structural equation model results of desorption of electrostatically adsorbed phosphorus ( CaCl,-P ) and specifically adsorbed phosphorus
(EDTA-P)
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