o545 45 3 1) K b PR A 4R Vol.45, No.3
2025 4 6 A Bulletin of Soil and Water Conservation Jun., 2025

LN EEARBREAEKEIHESERE
== 8 2 =R

VAR b g ) 0 XA 1)

R, PR E KB, EWET, B M ARES, FH4E
(1 KVLR 0%, Wb M 4340255 2. vh E AR Bl 27 B 4% FH 3 0% 0F 5% i/
A AR AT ERVE W 5 K 5 R H N SR 2, VRS T £ 453002; 3. 3R X Al BHE IR 55 s, Wb FRN 434025)

B OE: (B0 W IOF A W RS & KRS B R B A ) o A R AE Sk KR AR X S R 2
BB HERL 22 . [ ak ] RAYTDUF B b 3R] N X 0, 0 5 S TR] ) B % 7 /K R B 1 o I ok L 45 g gk
FEVTAN o XEHR X KA £ 3R n 85 50 Cop B B T R AE 8 T R0 AR A 8 50D 4 A X1 B A R 1 3
T, e i 600 A HHERE SIFATRAR T HHERE G b 1 BB CTP) A HLBE COP) A 8L (AP FK 7 1
BECWSPY i (G55 ] S DX o B B 5 11X v A 3% - 0 b DX T80 AR R 0 e X ) K R £ il &
SF-¥1 43 51 8 0.881,0.427,0.579 g/kg; A HLBE & & 43 5 24 0.104,0.058, 0.066 g/kg; A R & &= 24.418,
11.339,17.043 mg/kg; K EPERE & -l 21.157,13.421,22.600 mg/kg, /KA 1 & T 258 & 0 26900 N X R 79
CROVL AT 5D vh R B 02 0 38 AR B B J Mt DX, T b 3 ARG 38 T A8 2 B TR & CRe B 1 b ) b X 3%
Mo AR AE W 4 0 A Wl 0 G b v 900N IX KRS = BBl b T v 25 e A KO A SO L KO o 3
IERUIVAL/E R Pt = N T ok 775 =il /A ol e o 5 5 1 LA P10 7 s | e L B R = e I L P N R 5 354
BB KA 0 Ml A A ST IR RN e B R DDA OGO B e R i A I S . (S ] R
PN XCRT 2 B AR VT AR S 300 0 o B R AR B B A A X R A T L AE B b X IR AR
B B A DX 2240 T A e DA 4R R AR A R

KW KAE L BERZEAY L HERE A AR R PR

CERARIRAD: A T EHS: 1000-288X(2025)03-0079-07 HESES: S158.5

XS H B, UNE, AliE, A TLDOT N R R BUR F KRS B B A KA ) A S B [T ]k
+ R FR A i, 2025, 45(3) : 79-85. Li Yagiong, Yan Ruyu, Si Zhuanyun, et al. Phosphorus content and its
spatial heterogeneity in paddy soil with different parent materials at Jianghan Plain [J]. Bulletin of Soil and
Water Conservation, 2025,45(3) : 79-85. DOI:10.13961/j.cnki.stbeth.2025.03.003; CSTR:32312.14.stbetb.
2025.03.003.

Phosphorus content and its spatial heterogeneity in paddy soil with
different parent materials at Jianghan Plain

—Taking Jingzhou District in Hubei Province as an example
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Abstract: [Objective] The phosphorus content (P) and spatial distribution of paddy soils developed from
different parent materials in the Jianghan Plain were analyzed to provide a reference for the strategic application of

phosphorus fertilizer in rice-planting areas. [ Methods] Jingzhou area in the hinterland of Jianghan Plain was taken
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as an example to determine the phosphorus content of paddy soil developed from different parent materials and
evaluate its grade. A survey was conducted on the farmland in Jingzhou area, focusing on paddy soils developed
from three parent materials, namely, alluvial deposits, secondary loess, and lacustrine deposits. A total of 600
soil samples were collected, and total phosphorus ( TP), organic phosphorus (OP), available phosphorus (AP),
and water-soluble phosphorus (WSP) contents were measured and evaluated. [ Results] The average TP contents
in paddy soils developed from alluvial, secondary loess, and lacustrine deposits in Jingzhou area were 0.881,
0.427, and 0.579 g/kg, respectively. The OP content was 0.104, 0.058, and 0.066 g/kg, respectively. The AP
content was 24.418, 11.339, and 17.043 mg/kg, respectively, and the WSP content was 21.157, 13.421, and
22.600 mg/kg. The phosphorus content in various forms was higher in the southern part of Jingzhou area along
the Yangtze River, where paddy soils developed from alluvial and lacustrine deposits. Meanwhile, phosphorus
was lower in the central and northern regions, where paddy soils developed from secondary loess on the hilly
uplands. According to the phosphorus grading standards from the second national soil survey, the TP content in
the paddy soils of Jingzhou area was at a medium or higher level, whereas AP was mainly at a medium level.
The phosphorus content in paddy soils developed from alluvial and lacustrine deposits was higher than that in
soils developed from secondary loess. Redundancy analysis and spatial interpolation showed that the zonal
distribution of paddy soils developed from different parent materials in Jingzhou area was closely related to the
locations of the Yangtze River, lakes, and hills, significantly influencing the spatial heterogeneity of soil
phosphorus. [ Conclusion] In Jingzhou area, it is advisable to moderately control phosphorus fertilizer application
in areas with alluvial and lacustrine deposits along the Yangtze River and around lakes while appropriately
increasing phosphorus fertilizer application in hilly areas with secondary loess to enhance soil fertility and maintain
crop productivity.

Keywords: paddy soil; parent material; soil phosphorus; spatial distribution; fertility evaluation

BR(PORMEYIEFERKEBERLFERITR,
b W R A WA R S AU W AR W A KOKCE R
it A= S RGP EZ R . HAT, 28k 43%
f14 Bk 3t 10 e W Bk = B G, P R A 2/3 (4 Bk i B
W7 G B LB R ) R A R AR 7 Y
B AR, v it A A R A R A T S S R Y
A RCHE it {ELRAR AIEL >4 2 ) P 4 G AN 1 A Ry 22 0
Jit P W A 2> 1 £ R R AR o g 7 R 2 W O
&, b B  ER ) o e A AR I A T K
HEATT WA L 15 B T R 8 IR AL X R Y
A SR K A Bl W RN S A B AL BB, A ot
O B IE RAJE E E  VLOP RA T R
KALH R X, b F 55 = R gl DL R AR
VI DS S R v =S A ) AR LY A 7/ B RS BT 2
Wy e I 8, AL DX 3 DR S v VTR 9 9E A Ok AR B
BE R H B B b M 2, e P X A R A
I K AE I Y AR B U SR A KT
H T Ui B YA B T A ol A S ] L R R
— e R R VL DUTL A i i X, A S
TRARES 2 0] BB R — AR R . TLIF B RLK
R AR 2, KR A R B 6~14 mg/kg, P
9.8 mg/kg™ . LIIAM DX i), AR 5K e RIE 5 e R
[ 27 — U - 3 A 45 R L, % XK RS b A AL

W &5 >10.1 mg/kg T UL = T2 80% ., 42
25 TR AR & I R, e A AT Ty 5 B Ak AR
kR T REARE AR ORI B A R R R B R R
KRS £ SRS ) 22 ok U ki e O 5 L1
RE R B YIAH G o B G T A 4 R S W)
Bl R0 B 25 52 B4 P Ew L MR X
B 7K SF- it FE B E R AN S RE 68 386 VR B L R
RE 47 HHEAE S SR AN TR BE 5 & B KRS £
LR BE 1) 22 AR N AR AR AN R AR 4 4
1 B 2 5 SR W 0T SR s e W T, A AR ) R
EMERA AT ZE R, B BF 5T AS [R5 K
o Wl B i o A B Al Ay AR Ak, T oA XS K R b R
FIE R R 27 4 PR A2 R 3

1 MRSk

1.1 R XER

iDL P v R e G R S S A NS A T A I Y
JE M. KR RE S TR X5 A S B OB 4 A
U LB | B LB R T AR RN 2R AR T2 A LIX O
TE) s 7 L IXRI 32 A 00 A B XD o b JE M AR DD
Wk B ACER DA B b i H o G N I E
INFIZE p B, R R A B B R F MR, K H £
Ry b U6 B 5 R R LA A T A A e T R A I



5 3 3]

SRS TP IR ) B 5 77 K B8 B8 A ik HE2 5 53 81

L DX 35 DO R 22 A W RS D b X,
6 fy v AL RO R B O R R I R, K H 22 0k I
FH T UE H o b T R RN 2R 4R R R
A T A A B IXORITZE AR A B X B 2 WA B R R
RH MR . HIM XK B 2R FH K R — il 5 48 1 5ok
FE—& WA, TEYRE AR R LU A L R 3=, 3B e
FEANMEE RE . KR IS0 DX 75 it IE
AN B R0 IR 15 R 180, 90 H1 120 kg/hm?; il 3% 2=
8 it B IR CRR RS ) 15 kg/hm?. YEMI IR 5, 75 AT 7 36
Mo 2%, 5 50— [ B A
1.2 it

20224 9 H KRG UCEN 5, XF 380 M DX 3 Ff AN ] B =
B 5 43 A i X Confr B 4B 5« R T AELR 2 BRAEL s Y A B
B E AU L AR T A )RR R T R
0 e L IX R 5 £ W T X 1 B AR A T K R £ AT
JUZ A A A B ST O X A SR A T R
FH 7 2, bR RS T Ak e B A7 B R M TR A o S A B
B HI S A B R R SR W) BB R F M
DXBE A 2124, R A 3 B R 5 HL KRR 5 286 4, i
T BE IR % 8 b XORE 1024, 3531 600 3 - e RE 55 .
1.3 H#miXESLE

BN R KR PR TC i IR A LA 05 104, R 54N

A5 REHZE L 0—20 e IRS AT, V20 A5 57
1 kg Ff s IS0 80 % o ol B EERE b i RE A D R
FRE Y ER AR, PETT A AR o KT 5 P A R B 5 |, 2o
fL420.85 mm Je B0, 26 A H £H4%, & H .
14 #Hmah

O 5E P Ax o+ HE LB (total P) A LB A &L
WE AR M8 pHAE A HLT 2% A8 AU .
4 A A R A (available N) Fl 3 2 4 Cavailable K)
@M & Jr ik o T HEEBE R NaOH & il — S 86 bt L
o4, WK 0.5 mol/L NaHCO, 3= 2 — 41 46 it
Fb €8 75 0 5, A HE K U PR 2K R —H B L E
75 A LB SR FH 28 00k AR B, SRl el 2 JE ML & it
B A MLBE & it . A AL T SR FH RS R A — 4 i A
2, pHAE R A AL VR T 5, 4 0R 2P i JF EC 3 U
TE AR R TR T 0 T AR SR A HNO,
W R e — JE R B TR T e
1.5 HERER S

K F MS Excel 2021 X 85 #F 17 4 # , SPSS
20.0 #EATGE 1T 43 BT AR OCPE 43T o AreGIS 10.8 5 ff:
HEATRE RURIPEAN B2 . 3w S SO hR i S
FROASE — ko4 [ 4 HE W A 5 BE A AL B 4> AR
HECEE D,

F1 FoRLEITEEEEMNBRAHEEN RN E

Table 1 Classification standard of total P and available P content in second national soil survey

& br 14% 244 3% 4% 5% 6 %%
B/ (gekg ) > 1.0 0.8~1.0 0.6~0.8 0.4~0.6 0.2~0.4 <0.2
B/ (mg + kg ') > 40.0 20.0~40.0 10.0~20.0 5.0~10.0 3.0~5.0 <3.0

2 iR 550

21 TEABREAEBKAKBLEBE . GUBMENBES

R4FE

B 1255 won  F00 I XK [R) AR+ &) i % B K+
MBS RS MA R EES . KR BEEEE 0.2~
1.0 g/kg, th BLY) B i & & KRG+ B8E & 5K OF I
8 0.6~1.0 g/kg; HUOE WY B i & & KRG £,
2570 0.4~0.8 g/kg; i R A= 8 4 BF BT & & /K A8 £ S
SRR, N 0.2~0.6 g/kg. 5B EAMEL, 3R
BRI R KRS A U S R B AR
B, wh B ) 5 (0.338 g/kg) = W1 B4 ) ot > Ik AE o5
T BET . JC AL R AR S B (E D Sy < I FR B T >
PR B B > W AR B BT B4, TS AL AT A AL
AL 5 LT A R AR W R R A R R R B
KA A TCHLBE T o L 4 i 50 %6 .

22 AEABREBABLIAERBMASTERES S

H1E

HT P 2 ] R, 3N XA [ B J5 & B K e b A R
A T BN 9.326~36.841 mg/kg. AR HE R
AR Y (E L TR B 21.418 mg/kg s IR A B
Ry BT A % W R R IR, 20 11.339 mg/kg.
ENCIEZ W A Sl e G g i U A
25, HOP S (E S R B B B BT (22,600
mg/kg) 2= th M £ i (21.157 mg/kg) = W L 8 + B
JF(13.421 mg/kg) .
23 AEABREZBKBLHESRIEMN

H Pl 3] 0, I N DX B B 5T R K R LR
BB AT 2 G 3 YK B b LR 80%4
W B B TR KRS bR SRR R DL 3 4 )
LB B S 9056 5 TR A B A BB DL 4 2R
(51.9%) M 594 (38.9%0) K F . A & & R AE vp L)



82 JK A PR T A 545 %

B 1, 2 M 3 A o A, LIl Tt 8500 5 1 AR 930 5 UK A B - BF JBOA RO DL 3 G0RT 4 90 T
BE A OBRAE 2, 3 F 4 OO A A FE S WAt A BT el 85204

201 0.35

Wy | WA T L wEe [ s P wEEE L]
: : 0.30 : !
L6 r i i o~ i i
“~ i i & 0257 ! !
o0 | I I 1
~ 12t i ! W 0.20F i |
on o 1 1 :‘ 1 1
= i i B 015} i i
g 08¢ o | : = a | | :
0 | . o w 010178 | |
1 [u] 1 | o 1 [u}
0.4 | | o o 5 0.05 1 o o P8
. a s of | |
FIRG RME ShE )\ DEE KW EmW IR RTE D ikl JIJEE KM EAW
100 CBEns [ B
000 wmm | wemt | ww ¢
5 sof a | st
. i i &
W 60 ! : =
2 : | 5 6or
£ 40 - i i ﬁ 40 L
X | ! i
w20t ! 1 N &
o o ns Al 20 +
0t i i
. . L . L n : 0
ZIEG R DhE Nkl TDES KM ZEAE ZIRGE R D Nl JIJEE KW EAW
Bl AEABREBABLIEHR. GVNBMTNBESENSH
Fig.1 Distribution of total P and organic P in paddy soil in different parent materials
Lo s L WAERL LW 00 ! WAL LR
= osf | | g o | |
2 : : 250 + : :
PR | | £ 40f | |
Z 0af | ! 2 301 i ; 5
= g : . o B :
R 02| e | | o ol | o [a i@
o 1 N 10 - O |
! o o ! 1 1
i | i 0 | |
ZIRG R D Nkl ESE KM EAW ZIRE RTE D ikl IJEE KW EAW
E2 AEBREAEAELIHEABMKIEHRSESS
Fig. 2 Distribution of available P and water-soluble P in paddy soil with different parent materials
100 100
80 80
c\\° 60 S 60 -
E E
B 40| 2 40t
20 + 20
0 0
i WY wWAEHRL MR WY WEHRL

5% [ 14% 3% 2% C i
B3 ARABRABABLIEBNEARERSF
Fig. 3 Distribution of total P and available P in paddy soil with different parent materials
23 () 465 1B 73 B CIEL D 25 SR R WY, 300 N XK A+ 4% YL 5 2 o die i, ) b 3z B 8 K VT3 U8 3 I g iy
WA & wAEa B A EBEA — & WML, LK U REAR



5 3 3]

SR A VLD JEUAS (] B 00 B /KA R Ak b HC s () A S R 83

JKCRER BRI BIL B 5 A TR X g R v AR
R 573 A M X (2 SRR 7 480D B, e B U AR
s TR R AR QLI NE: SWAN IR R IR RIIE: £

o RHER

o ABRE/
] (g kg™

I 0.29~0.45 [ 0.03~0.04

[ 0.46~0.55 [ 0.05~0.05

[_10.56~0.61 [_] 0.06~0.06

[_10.62~0.66 [_10.07~0.07

[_10.67~0.73 [ 0.08~0.08

[ 0.74~0.83 [ 0.09~0.10
0 6 I 0.84~0.98 I 0.11~0.13
[

o RHER

HUBS R
(mg - kg™

4 TEEREAEKELIHREETELH

B o AR AT S R K W A T AR B
COR T8 4 B DX 222 ) W0 A 4 IXC i 0 ) 0 oo B ) B o 4
M DX A

o RFEA
AUBSE/

¢ RHR

A kEEaR/

(9-kg™) il
I 1.44~5.19
[ 5.20~7.82 I 6.64~15.10
[ 7.83~9.65 [ 15.10~19.22
[_19.66~12.27 [ 19.22~21.23

[ 21.23~25.35
[ 25.40~33.81

& [ 33.81~51.18
I 51.18~86.85

[ 12.28~16.03
2 [ 16.04~21.41
D Bl 21.42~29.13

Fig. 4 Spatial distribution of P content in paddy soil in paddy soil with different parent materials
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