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HIE — RN R, 1% Olsen-P Al CaClL-P & &ERI AN @ BRI, TER, CBER/D, 1R HE R WK
WK, PBER, RN, MWBER IR A KE, ARBEA 8K 8] 1 Olsen-P Al CaCl,-P & fE b2 T3 IR 5 1) 3
I FEAS, 1 = B 7K SF (¥ L Olsen-P Al CaCly-P & & 4E 20~40 cm L2 & B 2) ARBEKF# LA S 8% (Total
Phosphorus, TP). T[4 &M (Total Dissolved phosphorus, TDP) FIfHfif# (Particulate Phosphorus, PP) KRB IR HE
KR N mbism, HEEAMKEEAKCE L8Rz, BIRARR R PP 3. 3) RBEA A K T bk g i & TS
Tl Ak PR I 2K B P o b 2 R P R B T B K, T v B K ST PR L R BT, 20~40 om 2 b8 HH Bl Ak B8 ARV 2K 1
BEE T HALLZ, E8A IR TR R BB L ZUR B3 2305 TG N REME S, ¥ LkigR gL, TDP A+,
Hp, S AEBE PR L DR A WU & T, TR K L DU RS R R (S T 4) i B EDA RN A
5 7K P e PR KV 1 186 5 3 b Olsen-P & & EATHE, 73t - L 3k AR IR I{E 9 24.65 mg/kg, WFFTIER L
WANSIRIE T TP IR E 5 13 CaCl,-P S 2 R FIEAAHI, ELT N E CaCly-P TR I W7 358 5 3 I 2% AU
EHEIE: By 13, 2% #L; HEBMA; AL AR
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WELZHEFT 7—9 AP, @R BMEHRAIFEL AR
B
TR BKAR R R EARE 3 Mikfs, R
MR R AR, T M 2 AR IR A AR I B A
N A B A B TR BRI B A iR R0,
P T - 3R 2 O R A AR G O
IKIREES e ) — A S BR PR, 6 15 1 2 Al st VBT Y
T 0 00 B T o gy O A I U A X1
T, BAR AR S R, (B AR KA
X 25 HIRA, EF kS E A AmEE
A 5 mg/kg, WERIRMIRRE AN, B AT 4 1)
W R PR LA RE ) 3R A . K
it Bt v - R 5 BN K A TR i A AR = -
JIE 73 36 7 R A B L RF SRR DA R R K- &N fE
RET, TARMNEFKFEEEYIN Olsen-P AR 18 {E
B 7045 7 T 11210 L I it Tl R v A B Tl R B
BN, LIERRBER SRR R TR, SR
R AR 20N, w4 X e T Sl B g BT
BT 27.9 mg/kg ", HAER L IX N E-TOREAEA R
T, NFEMEK Olsen-P K2 HAE DM N 13.1
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7.5 mg/kg!"™, 1w 2% W X K 2 $ - 3  Olsen-P
TR O R EY KRB, 9 SR A A Y
AR m AR 7 B, I8 2 3G N o 35 B9 2K B AL IR AT KR
FKIREG P R, S 2R BT 3 g 78 O

R AE Lk RS EBRIRANIRERZ, Bl
SRT AR 8 20 2R IR 9 2 B2 DA SR AR U R FLAR 1)
WHRNE, E-HEHAP LR E RIFHE L
WA HAAIERIRIE . O RRY, IRk
AN 52 30 A R S B, 102 B R
il LIEA . pH. FLBREE. PHE oS # e, LR
L MR, BE. IS DL K R k. AR AR ER
PSRRI b, bl E KT A R A
BERMARMEREF N —, Y- 5E 3 S Bl R
BE AR, IR I B S R R g, A
(IR 2R A) 9 S S a8 5 LA S e e 2
FITA 5 U0 R AU DA ORI IR K8 AR R AS e
PR AL 7T S8 KRBT, i) e 1
rh AR 51 S AOAR RN IR 8 I A% R SRl B A 45 R A DA
BMERIER S B S 11 CaClL-P ZAIMKRTT
TR FEALAR D o AT O] EAE T R R, dlak A
LALLM RS A AT IR R8Tk, BRI AN R K
W AR ARSI B R USRI, AR e A 2
HWE RN EAE, i DOKIR B R4 A0 - e i 3 B
PR H R .

1 RS

1.1 TIEERRE

S T G = I I e IS S UL I S R W
(34°47'25"N, 113°40'42" E) , ZX)E T, 2
BIEEXNSE, £HETROW. BEERINEHE, F5F1
FEKE 665 mm, MZEZEHE 79 H. oimizXifE
R ZORNR I, i - X B KPR SR A 78 mmy/h*, % X 35
MR, SREAE 5o~15°2 18], 5T F 358 S -+
GRAIREED B BTN SR R, 38t g ab o
Fit, T2017494H, %W “BEH ZRATIEL, K
EHE (0~20cm) M HITH 3R, HIEE % ZEVCK
FE, BRI B EREL BANERS N 0~20. >20~40,
>40~60 A1>60~80 cm FL 4 NZEH

RIEHE (0~20 cm) THIERERSERMN, ¥KRE
() = KB MRS . &3 BRI . (K6
ISP IELE 27 a BRAE-F I HREAE (18IS BERRES , P,Os
E'12.05%, R 75 kg/hm?, KT 44
WA AR 175 kg/hm?®, 0 v i 7K T3 1 4 4 1 25 i g T
265 kg/hm?; i AT ) 22 A2 MR 4 i - X it A B PR E 47 4%
B, WX n B E A AR . B R BRI
IR, AL R AN RR RS,
AT B, o 2 mm fLRTH, 2ERSRSE&H. 4t
TR F A W 1R

1 HiX1I1E0~20com T EHEBER
Table 1 Physicochemical properties of tested soil at 0-20 cm layer

Bk LR A R SLpVe

AT MUK ZH B Particle composition/%

Phosphorus pHHE Organic Ayailable Available Availqble Total J—ﬁjﬁ H

levels pH value matte}]' nltrogeg phosphoy}ls pota331uf111 phosphq]rus <0.002mm  0.002~<0.02 mm 0.02~2.0mm Soil texture
Ngkg) /mgkg™) /Amgkg') /mgkg) /Ngkg)

fik Low 8.25 8.75 12.24 8.5 86.9 0.76 29.56 15.64 54.80 g5

H Medium  8.01 9.33 23.05 334 199.8 0.87 30.54 10.58 58.88 i

# High 8.16 9.34 31.8 423 264.5 0.91 31.32 721 61.47 Whi -+

1.2 FRAEEIT

RS T 2017 4 6—7 A1EmMA LK LR
FOART T DAL R KT 04T, 14K NLIY—-10 2
EHNNLEMENEG RS (EARETA , ke
FEN 16 m, WEKRAUNBBAL, A %N AL 40 m?,
12 N A0 W9 428 1) 28 ¢ 040 A FE = S0 ik R R 29 Al
O R RIRRT & PO B v 4 T 2 ik 8 i),
K B BEE N E W B AR KN, R R SRR W
WP TR 2l fERHM TR LART, TR R
W5E & B W o B (A, L 2 Bl o v B A 19 4 ) 3
TR E MR (8N WL 2 i B Y & (1)~ 3 SLEL,
RE NIRRT 95%, WiHMEHELEIAEIH
SRR 99%, FERTRFIE BT T RIRFERT

WIS 70 em (KD x28 em (F5) x22 ecm (&) 1)
THEE R AR, AR A M A IR AR R 0~20 cm #f
E A, AT HRRIES LIRS, RS EERENTTE
BIRERG S om HEE— 2, fEHFETEZH, MEL—EC
i tBERE, UGS EEZMHISENSR, [
i, @I RIS S R ST S G A IR

AR O (1) T 3 E AR R AE 1.3 g/m’ oA ST EIX
WA HOIAR S B R AR, AR RN 8°, [
R 58 15818 30 mmv/h, 7 d BERE 17K, SR B# R 32 min,
4 min FAFARICEE 1 IRRH, FHIE R R, PN
TS S5 UG B B BOR SR AR AT E , AR
KTPFEE3IANER,
1.3 ikt

MIEIRLE T 2017 4F 8—10 ALE m A K20 2%
W4T, ¥ PVCH (K 80cm, EHAZR 10cm) #HUAN 4 B,
fE 20 cm, HB MEERE PVC B 1K, AR50
A 3 RS KR L B E AR R A, A TR
J5 5 b oy BRI KA SE B 1) A, A AR A PVC B (E
7N 11 em) BB AERE NS 80 cm HI-LA M. LA
WAL 2 om BICAHTERD, AR A L3 1A 1
5K 48 um W20 43RG, SR H PVC &5 (EAEH 11 em)
BT LAEEER . T RS T SR R, RN
@ bEE 1 AVNL, ANMLERZ 0.5 cm, AR ZERHEK
e AR 2 ECREMR IR, R E R A B ST AR S
T b WRIEIRIG T UG CART, 1) 438 ol AR 4l 7Kk )1
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MEFKEEHE 24 h, WIBRIELSLHIT 42d, & 7d#
K 1R, BRREEKZ) 300 mL, ERE/KJE 1) 24 h YAk
PEW, eI AR . ik L BT, R R
THCE 1 SKICWEIEAS, [FIN, JEAGE R KPR R 5,
WEG P AN PR, MR LR E 3 A EE
1.4 SHESHEE

R 2 (Total Phosphorus, TP) ¥ EER AT HRER
PI—EH T HL (9 (GB 11893—89) ll5E; mlyAE M F i (Total
Dissolved Phosphorus, TDP) ¥#EKH 0.45 um JEMRLILIE,
IAERA—H I EL Bk (GB 11893—89) M5 FHEREL S M
f# (Molybdate Reactive Phosphorus, MRP) 3K 0.45 um J&
JEE, AHE LRI . RORIE (Particulate Phosphorus,
PP) 4 TP 5 TDP HJZA{A; IV A L% (Dissolved Organic
Phosphorus, DOP) >y TDP 5 MRP )% 1H;

+3% pH {E R AR E T (NY-T 1121.2—2006) il i 5
AL R A A A A - E YR (NY-T 1121.6—
2006) W AE s Bk A AR B T BOE I B s A R0
(Olsen-P) KA PLLL L (HIT04-2014) WI5E;
BB 1 mol/L )+ NH,OAc (pH 1H AN 7) IR
P, KIEEEEVEI s AR A —4H B b L ik
(HJ632-2011) W& ; WEMAEMERE (CaClL-P) K H
0.01 mol/L S HIRIE (K E 105 , HER
PribEkile ;. L RF4540  (Phosphate Sorption
Index, PSD) : fE/KEFREEN 101 &G, #%&
eI 1.5 mg BERREL, SPATEAS IR E S
TR, SRAHE R (D PR

PSI=100X/1gC e))

X (D) XN TIEREE, mg/g: C A THETERH K
B, umol/L.
1.5 BURGIHS AR E

K Excel 2007 1 Sigmaplot 10.0 X £ Ha 317 047,
LA SPSS 19.0 X BT A H kAT R 2R 7 2 40 M fl
BEMRL, KIS TIE R ANOVA %, KM OriginPro
9.0 HEATIERE, Frfs 45 R8s R A 3 A EHE R R34
PEH T EME .

NT I EGEN AR R R, KRAANX

PP 2)
SO
R L NBERRAE, mgm?’ n NEREREG o N&H
BCRERMFERIBERIRE, mg/L; v NS EBCRERR
FERARL, Ls S, AHABITEARL, m’

KH o BL R AR (Split-line Model) T4+ &
TR IS 8 . #E 9% Olsen-P 5 CaClL-P 2 [A]f{) 5 R A,
KBTI, AR ES AL 5, 53 P0h SR A0
& Olsen-P & &5 CaCl,-P Z[H 15y Bt AR 72, 2
ANTTREIAZ A B - age i R PR (7.

2 HBRE7H

2.1 AN S A RSHEIRIFER
AEIEKFE A+ Olsen-P BEFRAWE 1a iR,

R AL 3 AR R E HIEHIHE A Olsen-P
= (RES%, TED 72H8 3.0~8.5, 11.0~52.5 M
8.2~33.4 mg/kg, ARBEAKF# 1 Olsen-P FEFEHS T
JEHERI SO, RSB iR, KRR,
MAKBEKF A%, 3 MERKPZHEREEZER. N
FIEHI I AR E, KBEATE3# 0 Olsen-P & &l
& BRI R FE (38 hn 2 PR S,  m BEKE IRAE
20~40 cm LR E .. A EE IR A TR 5 b
R 3 Olsen-P &N 6 MEH, ¥ 3 MEZRK
SEElERE HE (0~20 cm) Y Olsen-P S & 54 H
IR SR A IR 5 BARERFAT LR, i K )
tik B~ krdE, +IE Olsen-P Mo thmi/K-Fwl ik
B hrdE, 3 Olsen-P 1R (MK T 1 ik 2 Py
Kb, 13E Olsen-P 155, XUlBM LRZEHHILT
— BRI H A
60 Aa .
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H: AAREFHXRA—-LEAFEBERAKTE P RREREE
(P<0.05) , ANF/NEGFRERRFE—BEFRKPARLZE P RRER L

% (P<0.05) .

Note: The different uppercase letters indicate significant difference in

phosphorus level among soils with different phosphorus levels in the same soil

layer (P <0.05). The different lowercase letters indicate a significant difference

in phosphorus among soils with different soil layers at the same phosphorus
levels (P <0.05).

B 1 FREHKF#HLY Olsen-P F2 CaClL-P 894 %
Fig.1 Olsen-P and CaCl,-P contents in fluvo-aquic soils with
different phosphorus levels

AFEIBEKF 4 CaCl,-P E2FVRELINE 16 Fis,
B &1, RIS CaCl,-P FEVEEN 1.01~
4.20 mg/kg. AFBEACTFE L CaClL-P S BASLEF T
TEZE S, £ 0~20 cm 122, Al /K P 145 CaCl,-P
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T AR R KU S A B B E 11

TR E S TR 1438, i A R K R
HZRAREE, 7£20~40cm 2, 3 MERKFEHIES
(] CaCl,-P & & it dne i, PR, (KB mR(%, H %6
IR 2 ) 5 0 3 P 22 55 T TE 40~60 cm Al 60~80 cm +-
2, 3AMBERAKE LY 8] CaCly-P S EALT| B ENE
o MAIEEIH A KE, ki 118 CaCl,-P & &AM
H LRI IR LG hn 2 RGBS, BERR RS
CaCl-P S EESRMALE .. Pk HEEEA L5 m
CaCl,-P B HIEHIHIRE RGN, CaClL-P & & [FAK,
1£ 40~60 cm fll 60~80 cm 1 Z 1 CaCl,-P & & ZEF AL
F. mE LS CaCL-P i E D HVEHE A 115~
420 mg/kg, CaCl,-P % AL 20~40 cm L2 E, ML
40~60 cm f1 60~80 cm 1 )2 CaCl,-P & AL F| B E M
ZE5E, ERANEIE E CaClL-P &R EHL LT, R
=k

338 PSI ek 7 R IERECRR RO 71, — R T
A - 35 [F] 4 B3 ) S AFDRE T ) Pl e o X A [] e 7K ST
L/ PSUEREAT it HAG Y, % 2R 8 PSTAE TS
BN 4.38~22.42, H, ik, F. mK-PE L7 3%
T PP K PSTAE 20 591 4.66~22.42.6.22~10.58 1 4.75~
9.30, 7EFEA T3 FI T A, (R KT SR e e B K
T RIRIR R KCT IR R R R B /N, PSI
RO, Ui B IR R R RE DR, TR PST BN, UEEH
IR R A S R AT . NEIESIESRE, AF
AKP - PST A Bl 5 - 3850 TR 2 P 189 In 2 3 LR AN (=] )
B2 =R N (10 771 e £ S i w43 ] Vi = e SN
P (I3, PSIABREAR, 1 A ol /K S - 7E A T35 T
AR R RN, KBRS R LT, B RBFER&E
HE2) .

251
—=— iff Low-P (LP)
—e— 1 Medium-P (MP)

20l --a-- [ High-P (HP)

S0 ESE R
Soil phosphate sorption index

0~20 >20~40 >40~60 >60~80

4+ 2% Soil depth/cm
B2 FRBKFNLE L BRI (PST)
Fig.2 Soil phosphate sorption index of each layer in fluvo-aquic
soils with different phosphorus levels

2.2 AEHKEHLIFERPERESHRELRELE

AN [ 7T AR R B TR AS A B i ] 3a BT,
FKERTH TP WKEEN 0.146~0.416 mg/L, AJyAEME S
TDP ¥ % 4 0.032~0.086 mg/L, Hikifd PP ik &} 0.109~
0.330 mg/L, AN[EE/K P+ TP. TDP Al PP ¥k FE K/
LR AT B, R BEREBEKCT ke .
W ES NS, TR 1 HPEMAEE 2 W F, =k
AP TP VR0 i TR R B K, T

BRI F BR8] TP IR ARIA B B EEZE S /£33
RIS 4 PR, 3 AT LA TP W EISIAH
TRFEEER. Mo SIEESE S TP MEHEIRE, A
[A] /K ~F-5 1= TDP 5 TP HILLBIA 9.76%~34.02%, Ifij PP
5 TP HIELHIA 65.98%~90.24%, PP i & Hul B & s T
TDP, 60 3 R/ P AR IR IR A A USRS N 3

ANEBE A AR SRS R e E W R 3b P
N, 3 FBEKSFE AW TP WREN 2.05~
6.05 mg/m*, TDP ik &N 0.31~1.29 mg/m®, PP ik
N 1.48~5.16 mg/m®, N[/ T# 1425 TP. TDP Al
PP ik B A/INR I /KT R o, AR K
SEEER Y, 3 R R KR LR TP SR E R DN
75 AR SR R A R A R B, XU R
EE R RBURGLAT BE R AR TR R R R IR/, M
BB BB LSRG, AFRBEKFE 1 TDP ik
5 TP &M 10.31%~37.46%, PP k& TP it
KE 62.54%~89.69%, HULH] W, #W-LARdH iR
JEBE R R DR A N 3

Eﬁﬁﬂ%?@rticulate phosphorus
RXX Al 7 I S Total dissolved phosphorus

305
cn
£ I m, ma N
£ 04 b i Lobph
S : ;
%= ; i
2031 i &
53 | 2
= -
i =1
B E 02 P
8 r ’ ’
& § ’ ’
2 0.1r é [ v‘
8 %62 -~
2 0 PHP LPMPHP LPMPHP HP
227K T- Phosphorus levels
a. R BRI E
a. Phosphorus concentration in runoff
8-
E I Il il a v
_E ol 7B
I = :
=3 a !
8 <
e b b 7
Mg v :
sl
771
= | BEK L E5

LPMPH
fiff 227K T Phosphorus levels
b. R BE R AR
b. Phosphorus loss in runoff
Ee T ~IVARERARBERIZIR DFR/NGFBER IR R — B W 37 0O R B KT
I AR R R B R B2 R B (P<0.05) .
Note: [ -1V indicate different rainfall events; Different lowercase letters
indicate significant difference in phosphorus concentration or loss in runoff
among different phosphorus levels at the same rainfall event (P <0.05).
B3 REBKPEHEIRATENABRKERALE
Fig.3 Concentrations and losses of various forms of phosphorus

LPMPHP

in fluvo-aquic runoff with different phosphorus levels

2.3 TREIBIKFHLHIERTERSBRERRLE
AN TR B KT - B P S TR S BRI EE AN 4a T
s HERTRD, AR KT - g h 2 T S BEK
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#£5°K, TP, TDP. PP. MRP Al DOP ¥ JE 4374 0.114~
0.995. 0.084~0.660. 0.031~0.335. 0.027~0.378 Al
0.050~0.321 mg/L, #-LibkyEsisk Ll TDP NE, fE TDP
W, E AR K 3% 0L DOP N3, 1 K F 3%
DA MRP N . MIHRIER S TEASBE R A6 kg, K
Tt R 3 ST bR 1 % T AS Tl AR o 5 TR R
FE 3G INEsE R IR PR, fERE (0~20 cm) g
PR 2R P e v s 1T A R /KT O - e R, B
AR EETE 20~40 cm T JZ 5 3 P /K R 2
(60~80 cm) T-IEHBRIE H B ZIRE I B EBAR, H 3
Pl 7T L3RI TP IR B T /KK & B R
ff (0.02 mg/L) B,

ZA%5i¥i % Particulate phosphorus
[T A 37 4 2472 Dissolved organic phosphorus
5 RXAH AL £ [ i 7% Molybdate reactive phosphorus

~
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g
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] : : P
S : 7
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s UL DU T R &K R 88253 R
= 9 avavills 2 a 102820 192026 IRXX] XXX KR
o S ©o o o o o o ©o o o
S A U G G A | D S
= S o o 9 o o S o <o o
S F 09 I a F 0B
A A A A A A A

AR
1 2 Soil depth/cm
a. WRIBI o IR

a. Phosphorus concentration in leachate

.
= Low-P Medium-P High-P
&0 ) ) Aa
E15¢ i H 7
T | H
s o ] :
X £ 2t : 1
=2 S ; :
=8 H :
*H = H H
T2 09 : 3
= 2 : e 1 KXY
284 1 [
= 6 Ba | R i 0262
=z 2 o%0 RN 1Y
% B = B || Ad
= | R RR 1R 13X >
- Be KKK KX 1R RN
Z ot R etods! RRXY KXY
] T % KXY RRK 1BRXY KR
£ (be oo Moo We%% B %% 6%% B %% KX
(=3 [=3 [=3 =3 f=3 [=3 [=3 =3 f=3 (=3
Q 29I T LTI LR
= S S 9o © 9 © o 9o 9
o o <t o o <t Nl
s AN AR AN AR
L2 Soil depth/cm
vk IHE 3 A S o2 M B
b. IR BRI E

b. Phosphorus loss in leachate
b NI IPNRC T o = il o= 3 TR N TR 7 N el L1 =
(P<0.05) 5 ANIA/NG T RACEK R — B 2K CF A7) #1122 ) 22 S Sk 3%
(P<0.05) ;
Note: Different uppercase letters indicate significant difference among different
phosphorus levels in the same soil layer (P <0.05); Different lowercase letters
indicate significant difference among different layers at the same phosphorus
levels (P <0.05).
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Fig.4 Concentrations and losses of different forms of phosphorus
in fluvo-aquic soil leachate with different phosphorus levels
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Fig.5 Relationship between water-soluble phosphorus and
Olsen-P in fluvo-aquic soil with different phosphorus levels
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3 W
3.1 ARk iR BIURKEFE

1 X R N - K R X, X R R
Horm s R 9 R ORI AR AR 0T ) A By 7R 4 T AR AR
K, FTELELN A= p KRB, TEsiR, d&
()t REASE 75 = X ST A T R BB . TEARH 7R
RO, WHRELE (0~20 cm) CLHI T —ERE
Iz B, K 3 MR R E T (0~20 cm)
Hf) Olsen-P &5 543 45 — Yk T3 A 1555040 e britt
BT, R R IA B —bsiE, 3% Olsen-P %
s KT A B bRk, 3% Olsen-P 1R I
/KT R B DU ZebruE, 138 Olsen-P %%, X1 Wi
TREHHI T e EEN R SRR R
W RME, PR T OB R AR 20 LR E
ERAITRE BRI, T IR KI8T e 574

EARTFFA, 3 MK FRZELT T TP REN
0.146~0.416 mg/L, TDP # /%4 0.032~0.086 mg/L, PP
WEEN 0.109~0.330 mg/L, A[FABEAKF#+ TP, TDP I
PP R E K/INRIUN BBk L demy,  HBERMIREEKF
Wk, X5 ISR I I R AR B W AR AR
3 3 1) 4 L M AR R R AN [F) T A B 1) 2 BB LR 3K

(R4 v R A S I N R 45 18 — B, O HLAE A 13k
RN, RO LEMRIL T R gL ), X
VLRI o IR S LA G i R BRI %)
KA. ASLE 0 N TR R, i 7 Rt
] RN 2L P R B R R AR R R R, R IR
W L AN LD SR R AR U B SRR R AN I R BRI
WtEO, ARy, BAs/N gERaeE Py
BUPE LR T oAt 2 Fp 1, EEURFAE LT 0N
W E R B RRBEX, BERE S BN Rt e
Il i R BAVROL, B AR A L, IR
Ko R AL, BTSRRI AR, E
fh 2 P EIEER G RATRE . NEESHLGIRE, &
W FEAS RS B2 W L AR AR EEREES, X5%
MR TR 25 AR TRAE R PP IR 5 S BAEIR JE 80% DA |
DU A Sk SRS e A5 i R AT R A UL PP A
TR, {ERENERES, BRPBERNRAN
N5 T ARG S RRE VA G, B RE SR, PR
SREE . M ESR R, FrbL, EREAX, NgE T
A By 11 5T DA B XS 25, IR AT R AT B

TEARTE LA, AEBEACEE LM ER - TP KER
0.114~0.995 mg/L, TDP iK% 4 0.084~0.660 mg/L, PP
WA 0.031~0.335 mg/L, MRP ¥#KJEH 0.027 ~
0.378 mg/L, DOP %A 0.050~0.321 mg/L. fKEEAIH
Tl 7S 380 BRI P 1) 25 TR A Tl 5 S T 2 1) TR 2R 5 1 3
T, R R A, 17 v B AP BRI R ol R
BEE LRI EEIG I, 2% EAE T REREE, X
LM IS L3 Olsen-P & & MKV, 765
i tIE g, 20~40 em LR B RIKEES T L
BRZ, FERRNAG AR, EWRECA T
2, EREREERT, BBERR TSRS &
SN AC RS B Ui wl o SR o 5 e O O A o 5
IKFE LR 2 5, ROIAN [F) 2R 28 35 TP it 2% & LA
+wk, KBBEMBARZ, RN, XEEZEHT
KHIBHERMET, Wt AG#EERPUT &, D+
WO R i s, Bk LA LR b i
o AWFFERIL, ANFEBEKF# g R 2 L TDP N
F, RGO S PN DL i TR S PO A5 H i
JETRLL TDP A E RIS —8, X E R ke 54
TBERFRAE, WMIERKZINBHE R . BFWR
. RRES MEmENT RIER SR, +

Brh RS R IR ) R IR R R R
HEZMEM.

3.2 Bt HEMRIFERNENNFEMERNA
UNCIESLTRR A7 $o8 1 P XN
i g RS, A E 11 FhohERA 23 AR
F) - SR A BT BRI AE 29.96~156.78 mg/kg 2 [A] 354k,
SRR E I = PRI, AR B E 16 Ry AR f T+
e (e, BB 1 LR R AL BMELE 56~123 mg/kg
Z A, [, XN DA I T - e R IR B
B E 5 SR R R Ok RN R B, R A B A



14 My TFESHR (http://www.tcsae.org)

2020 4F

513 pH 2L KR, Y pHEKT 6 0, TR
WS ARE S pH (7SN . fEAWE I, R 70 B
[ A5 RY (Split-line Model) , 4 AN ] £ i 7K~ - 7K
FPERE S L Olsen-P & &FHATREIARLE, #4715 il
T R R AR RME N 24.65 mg/kg, W LA NAK
PEA I8, 145 pH {H1E 8.01~8.25 2 IA], Frbl5Ifh 115
FAAH LG, ) 4 e 2R A 5E B T BE WA, T
TEEANI . L. oA, R E. IR
G 8 R 5 N S R A 5 R (3 R e T I — P IR
N

— M, KA A B E R T KR E S R
BIME (0.02 mg/L) #inl fgid K i v s i ok = K .
AT R, 243+ Olsen-P & i HIEREZ AL
BIME (R: 24.65 mg/kg) B, M AARrHEH 7KE3EA T
WEGH R, AT REXS KIS B G BRIk, 7R X
W, NOZARYEE - H AT ek R SRR, & e it
&, EAEFErE2RER, I8 P XK SIS 5 3
AR, FETRIEAEY AN BSR4 T, 3 280 i s =
T DAAE — 52 R R R 1 3 b L BB R 0 R Y,
R T A A 7= 5 A A PR R4 0 B A A S
Mo ABFFEH, EESL T AR BOKER A S CaCly-P
Z IR AR, R LR BARIER TP RS 115
CaCl-P S REAFAE AR KRR, HMEGKIER TP WKE 2
B4 13 CaCl-P & B HIEORERG I, Ftk, w7 DUt
M L3 CaCly-P 1S SR TUIAR AN IER TP ¥
B, M X 3 F T R XK I 3 Y5 YL AT VRN

4 7 B

1) 350 ) Olsen-P & (FRESHD N 3.0~
33.4 mgkg, EMASTEMER (CaClL-P) HF&EA 1.01~
4.20 mg/kg, TIEEBEWCRRTREEL (PSD {H4 4.38~22.42,
Olsen-P FIVAMRASTE M (CaClL-P) & &R N =i & sy
Wik, ARG, 10 PSI (RPN R R, i
R, i,

2) AN[RIBE KPR AR AL R L R P B R A
TR B AR R e KN i d i, R AR B K 3
W, W AR R AR AS T

3 AU AN K S - bR R P 5 T S AR B
it R B A L R R B 3 I T BRI L v B KT
LRI, 20~40 em 1 JEMRIER AR FE AR R B
SBEETHMLE, ¥ ERE L TESNE.

4) G853 B RN ARSE ALK AN 6] E 1l 7K P e K s
5 145 Olsen-P & EFHATI A, 15 ) - 38R0
BERMEN 24.65 mg/kg. RIS IEAFH, BB IER
SRS LI CaCl-P &8 2 0% B, wlidd iy
SE CaCly-P SRITMN M A= A4HE H /K PO 2

(& % xx #]
(1] xUdg, far, K758, &% 3RIE 4 Pk ks i ke
FEJ]. K EARFEZAR, 2018, 32(5): 67-73.
Liu Juan, Bao Li, Zhang Naiming, et al. Characteristics of
phosphorus leaching losses in four soils in China[J]. Journal

of soil and Water conservation, 2018, 32(5): 67-73. (in
Chinese with English abstract)

[2] SRR, BESCHE, XEEe, SE. ASYIREATIE ek 4
FILABRR )], LI, 2016, 53(5): 779-789.
Huang Xinxin, Liao Wenhua, Liu Jianling, et al. Effects of
long-term straw return on various fractions of phosphorus in
Fluvo-aquic soil[J]. Acta Pedologica Sinica, 2016, 53(5):
779-789. (in Chinese with English abstract)

31 fEFHW, ®EEN, kS, & KRPAFEGRE T8 LR

P AR FRAE[T]. REAE IR S5 IR, 2015, 21(6):
1514-1520.
Xiu Xiuli, Qin Shengwu, Zhang Jiabao, et al. Dynamics of
phosphorus in  Fluvo-aquic soil under long-term
fertilization[J]. Journal of P lant Nutrition and Fertilizer,
2015, 21(6): 1514-1520. (in Chinese with English abstract)

[4] ¥, BOEtE, SRAMEL 4 WL CaCl-P S EXBHILHE

JRVRR) Wi 87 B Ltk 2 KUz 7 M (D). R IR 5 R 24l
2018, 24(6): 1689-1696.
Shen Yan, Duan Yinghua, Huang Shaomin, et al. Response
of CaCl,-P to phosphorus fertilization and leaching risk in
fluvo-aquic soils[J]. Journal of Plant Nutrition and Fertilizers,
2018, 24(6): 1689-1696. (in Chinese with English abstract)

[5] seRE S0k, TRoKiE. KA HUIER I B mR £ 0

W A RO AR R S A B )], BRI, 2011,
22(1): 97-102.
Huang Shaomin, Guo Doudou, Zhang Shuiqing. Effects of
long-term  application of organic fertilizer and
superphosphate on accumulation and leaching of Olsen-P in
fluvo-aquic soil[J]. Chinese Journal of Applied Ecology,
2011, 22(1): 97-102. (in Chinese with English abstract)

[6] Koopmans G F, McDowell R W, Chardon R W, et al. Soil
phosphorus quantility-intensity —relationships to predict
increased soil phosphorus loss to overland and subsurface
flow[J]. Chemosphere, 2002, 48: 697-687.

[71 Simmonds B, Mcdowell R W, Condron L M, et al. Can
phosphorus fertilizers sparingly soluble in water decrease
phosphorus leaching loss from an acid peat soil[J/OL]. Soil
Use and Management, 2016. doi:10.1111/sum.12274

[8] Wang G, Wu B, Zhang L, et al. Role of soil erodibility in
affecting available nitrogen and phosphorus losses under
simulated rainfall[J]. Journal of Hydrology, 2014, 514:
180-191.

[9]1 RV, T3k, FAHEE, S5 BT BERER R A

AR H R 2R IR 85 KU1 A (J]. Ak TR 244, 2020,
36(14): 17-27.
Wu Hanqing, Wan Wei, Shan Yanjun, et al. Environmental
risk assessment of phosphorus loss from farmland based on
phosphorus index model in the Haihe River Basin[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2020, 36(14):
17-27. (in Chinese with English abstract)

[10] Kleinman P J A, Church C, Saporito L S, et al. Phosphorus
leaching from agricultural soils of the delmarva peninsula,
USA[J]. Journal of Environment Quality, 2015, 44(2):
524-534.

[11] Jarvie H P, Johnson L T, Sharpley A N, et al. Increased
soluble phosphorus loads to lake erie: Unintended
consequences of conservation practices[J]. Journal of
Environmental Quality, 2017, 46(1): 123-132.

[12] FKKiE, AR, 2RIk, & LI XL K



%20 X1

AR R R XS A 5 B A 15

[13]

[15]

[16]

g LAl W T[] B E R ER, 2016, 32(20):
97-100.

Zhang Shuiqing, Huang Shaomin, Lou Yilai, et al. Basic soil
productivity study on different fertility levels in fluvo-aquic
soil region, North China[J]. Chinese Agricultural Science
Bulletin, 2016, 32(20): 97-100. (in Chinese with English
abstract)

FRF2t, AR, TKOKE, & Wl /NERIEK Olsen-P
B E R )]. EWE TR SRR, 2017,
23(5): 1184-1190.

Guo Doudou, Huang Shaomin, Zhang Shuiqing, et al.
Threshold values o f soil Olsen-P for maize and wheat in
fluvo-aquicsoil[J]. Journal of Plant Nutrition and Fertilizer,
2017, 23(5): 1184—1190. (in Chinese with English abstract)
Jik, S, X8, SE. RS TR b BB TR -
RPN [T]. ol TFE2E4R, 2020, 36(4): 211-219.
Wan Wei, Shi Jibo, Liu Zhong, et al. Nitrogen and
phosphorus nutrient balance and environmental risk
assessment of apple orchard in Qixia city[J]. Transactions of
the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2020, 36(4): 211-219. (in
Chinese with English abstract)

BN, AR, EXFL, GE WEARE L. BB
AVEFRAA I HT[I]. L3, 2014, 46(5): 920-926.

Li Shaocong, Wan Hongyou, Wang Xingke, et al. Basic
properties variation of fluvo-aquic soil and lime calcic black
soil in Henan province[J]. Soils, 2014, 46(5): 920-926. (in
Chinese with English abstract)

Ehbfe, REIEN, ErCH), 5 AR R E B>
ZT IR R BETR M RCR )], A0k TREA4), 2018,
34(13): 160-169.

Wang Shuaibing, Song Yali, Wang Keqin, et al. Effects of
reverse-slope terrace on nitrogen and phosphorus loss in
sloping farmland of red loam under different rainfall
patterns[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2018,
34(13): 160-169. (in Chinese with English abstract)

Li YY, Gao R, Yang R, et al. Using a simple soil column
method to evaluate soil phosphorus leaching risk[J].
Clean-Soil, Air, Water, 2013, 41(11): 1100-1107.

Heckrath G, Brookes P C, Poulton P R, et al. Phosphorus
leaching from containing different phosphorus concentrations
in the Broadbalk experiment[J]. J Environ Qual, 1995, 24:
904-910.

Hesketh N, Brookes P C. Development of an Indicator for
risk of phosphorus leaching[J]. J Environ Qual, 2000, 29:
105-110.

MU, EfRE, 2R, & IR L2 WA
R P = b I IR AL [T]. K R PR RR2A 4, 2018,
32(6): 34-39.

Du Mingcheng, Wang Zhenlong, Jiang Cuiling, et al
Simulation of runoff and sediment production regularity of
different rainfall intensity and changeable slope gradients in
the Yellow fluvo-aquic soil of the Huaibei plain[J]. Journal of
Ecology and Rural Environment, 2018, 32(6): 34-39. (in
Chinese with English abstract)

AW, AL, T, . EIbRIEAN R 7 A
BIEHBE R IL A, K EAREEH], 2015, 29(3):
267-271.

[24]

[27]

Xu Hongjiao, Bao Li, Zhang Naiming, et al. Changes of
phosphorus fractions in leachate from red soil under
different land use types in Dianchi Basin[J]. Journal of Soil
and Water Conservation, 2015, 29(3): 267-271. (in Chinese
with English abstract)

OECD. Eutrophication of  waters[M]//Monitoring,
Assessment and Control. Paris, France, OECD: 1982.
B, 25 M. PRI R I - SR R AR VA
fE[]. K EARFREEAR, 2006, 37(3): 10-12.

Cui Lituo, Li Zhiwei. Characteristics of soil phosphorus
export by surface runoff from gentle slope in Yanghe
watershed[J]. Journal of Soil and Water Conservation, 2006,
37(3): 10-12. (in Chinese with English abstract)

XIJ5, MR, £REeNl, % AREFH T E R
BEFORI KRB A7), HIRSREE, 2002, 11(3):
232-236.

Liu Fang, He Tengbing, Qian Xiaogang, et al. The status of
phosphorus and its environmental effects analysis under
various land use patterns in Yellow soil of hilly areas[J]. Soil
and Environmental Sciences, 2002, 11(3): 232-236. (in
Chinese with English abstract)

Ao, PG, RS, R0 R B R R R S T
R IKBIRZIAT]. PR RS, 2008, 28(9): 1832-1838.
Li Xueping, Sun Yan, Shi Xiaojun. Characteristics of
phosphorus leaching and its impact on ground water in purple
paddy soil[J]. Acta Scientiae Circumstantiae, 2008, 28(9):
1832 -1838. (in Chinese with English abstract)

XIGR, A, TARE, .3 FEME LR R R
KR B R 2R 1], S SRS ZW, 2019,
35(10): 1346-1352.

Liu Juan, Zhang Shuxiang, Ning Dongwei, et al.
Characteristics of phosphorus runoff losses and influencing
facters in three cultivated soils[J]. Journal of Ecology and
Rural Environment, 2019, 35(10): 1346-1352. (in Chinese
with English abstract)

R, 2=, ZRgR, S N TR 40 N A K 975
WRHVERT]. K fREEEEH, 2016, 30(1): 1-4.

Qin Hua, Li Ye, Li Bo, et al. Nutrient loss of limeston soil
under artificial simulated rainfall[J]. Journal of Ecology and
Rural Environment, 2016, 30(1): 1-4. (in Chinese with
English abstract)

Ok, i, RRT, & RN ATl
% 3R BB A2 L TR 1) 0 J2 e AR AR (] SRR AL, 2017,
38(10): 4178-4186.

Zuo Jichao, Zheng Haijin, Xi Tonghang, et al. Characteristics
of phosphorus output through runoff on a red soil slope under
natural rainfall conditions[J]. Environmental Science, 2017,
38(10): 4178-4186. (in Chinese with English abstract)
BRI, Wr, AR, S BERK-T LBk
HIsZm]. EYE R SRR, 2010, 16(1): 112-117.
Xiang Dali, Yang Xueyun, Sun Benhua, et al. Impacts of
irrigation regimes on phosphorus leaching in manural loessial
soil[J]. Plant Nutrition and Fertilizer Science, 2010, 16(1):
112-117. (in Chinese with English abstract)

BERR, RPN, A AFNEIC A RS H R SR
WA D], P EAS K ER, 2014, 22(4):
394-400.

Lu Xinxin, Yue Yubo, Zhao Zheng, et al. Phosphorus loss
and migration characteristics in paddy fields under different



16 gl TREZAR Chttp://www.tcsae.org) 2020 4E
fertilization treatments[J]. Chinese Journal of relations  with  soil  properties[J]. Acta  Scientiae
Eco-Agriculture, 2014, 22(4): 394-400. (in Chinese with Circumstantiae, 2013, 33(2): 579-586. (in Chinese with
English abstract) English abstract)

[31] #hiRse, BA/NE, BIHRFE, & JRE 23 N hIEREER K [33] BX/NEE, Bhpese, i, &5 JRE 23 A HIgmE R MR
PEAt T R FMELT]. 422524, 2004, 24(10): 2275-2280. RS VAL 1. IR S S (5 S B PSSR R PR R 11 1 5
Zhong Xiaoying, Zhao Xiaorong, Bao Huajun, et al. The AT A2, 2005, 26(9): 3011-3017.
evaluation of phosphorus leaching risk of 23 Chinese soils I . Zhao Xiaorong, Zhong Xiaoying, Li Guitong, et al. The
Leaching criterion[J]. Acta Ecologica Sinica, 2004, 24(10): evaluation of phosphorus leaching risk of 23 Chinese soils I .
2275-2280. (in Chinese with English abstract) The relationships between soil properties, P absorption

[32] ML HASL, BHES, & WG AT AR B R IR A characteristics and the leaching criterion[J]. Acta Ecologica
Fellf 7 K H 5 YR O R[T). R 2R, Sinica, 2005, 26(9): 3011-3017. (in Chinese with English
2013, 33(2): 579-586. abstract)

Nie Min, Xiao Heai, Liao Dunxiu, et al. Phosphorus leaching [34] SRAREL, HARIE, PP REFRSEEEARRLIM]. b

e RER Rk, 2010: 5-7.

change point of subtropical variable-charge soils and its

Accumulative loss risk of phosphorus and its environmental threshold in
fluvo-aquic soil

Liu Juan'?, Zhang Naiming®**, Zhang Shuxiang®

(1. College of Plant Protection, Yunnan Agricultural University, Kunming 650201, China; 2. College of Resource and Environmental Science,

Yunnan Agricultural University, Kunming 650201, China; 3. Yunnan Soil Fertility and Pollution Restoration Laboratory, Kunming 650201,
China; 4. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing100081, China)

Abstract: Fluvo-aquic soil is a typical cultivated soil with the widely distribution and high intensity of fertilization in China.
However, the accumulation and loss of phosphorus in fluvo-aquic soil cannot be ignored as the ecological changes. In this
study, the typical fluvo-aquic soils were collected as the test soils with different phosphorus levels (high, medium, and low) in
Henan province, China, in order to explore the characteristics of phosphorus loss from fluvo-aquic soil induced by surface
runoff and leaching. Simulation experiments of an artificial rainfall and a soil column were conducted to measure the content
of Olsen-P and soluble active phosphorus (CaCl,-P) in soils, and the concentrations of different forms of phosphorus in runoff
or leaching. In a split-line model, the relationship between soil Olsen-P content and Total Phosphorus (TP) in solution was
used to evaluate P risk from black soil in surface runoff and leaching. The results showed that: 1) The contents of Olsen-P and
CaCl,-P in fluvo-aquic soil profiles were in the order of high, medium and low phosphorus level, whereas, the soil phosphorus
sorption index value were in the order of low, medium and high phosphorus level. In the profile distribution of phosphorus, the
content of Olsen-P and CaCl,-P in fluvo-aquic soil with low and medium phosphorus level decreased with increasing soil
profile, while the content of Olsen-P and CaCl,-P in fluvo-aquic soil with high phosphorus level was the highest in the
20-40 cm soil layer. 2) The concentration and losses of TP, Total Dissolved Phosphorus (TDP) and particulate phosphorus (PP)
in the runoff from fluvo-aquic soils with different phosphorus levels were in the order of high > medium > low phosphorus
level, and the PP dominated in fluvo-aquic soil runoff. 3) The concentration and loss of various forms of phosphorus in the
leachate of low- and medium-phosphorus level from fluvo-aquic soil decreased with the increasing soil depth. However, in the
leachate of high phosphorus level, the concentration and loss of phosphorus in the 20-40 cm soil profile were significantly
higher than those of in other soil profiles, where the phosphorus concentration in the whole profile increased first and then
decreased with the increasing soil profile, whereas, the profile of high phosphorus level presented the distribution pattern that
upper and lower was low, and middle was high. The leaching loss of fluvo-aquic soil was dominated by TDP. The high- and
low-phosphorus fluvo-aquic soil was dominated by Dissolved Organic Phosphorus (DOP), while the medium-phosphorus
fluvo-aquic soil was dominated by Molybdate Reactive Phosphorus (MRP). 4) The relationship between CaCl,-P and Olsen-P
were characterized using split-line models, identifying the thresholds at 24.65 Olsen-P mg/kg for the fluvo-aquic soil. It was
also pointed out that the TP concentration in runoff and leachate was positively correlated with the CaCl,-P content in soil, and
that CaCl,-P can be used to predict the phosphorus concentration of water discharged from soil. The outcomes derived from
these experimental conditions regarding the determination of P loss in runoff by the artificially simulated rainfall experiment.
The P loss in leaching by the soil column method and P environmental thresholds also need further verification in the field.
This finding can help to assess phosphorus loss from fluvo-aquic soil under different phosphorus levels, and further to provide
a scientific basis for water environment protection and soil phosphorus management in fluvo-aquic soil areas.

Keywords: phosphorus; soils; runoff; fluvo-aquic soil; environmental threshold; loss risk
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