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Abstract: [ Purpose] To explore the characteristics of phosphorus leaching losses and soil phos-
phorus environmental threshold in red paddy soils under different phosphorus levels. [ Method ] We
collected paddy soil with three phosphorus levels (P1, P2 and P3), a soil column simulation experi-
ment was conducted to study the spatial distribution characteristics of phosphorus in four soil profiles,

as well as TP, TDP content, loss characteristics of soil leakage and put forward the environmental
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threshold value of soil phosphorus. [ Result] The contents of total phosphorus and available phos-

phorus in red paddy soil at different P levels were accumulated at 0-60 cm soil layers. In the soil pro-

file, the phosphorus accumulation gradually decreased and tended to stabilize as the soil profile depth

increases. The concentrations and infiltration loss of TP, TDP and PP in the leakage fluid of red paddy

soil I with different phosphorus levels showed P3> P2> P1, which was consistent with the distribu-

tion of Olsen-P content in soil surface. The soil phosphorus threshold value of red paddy soil was

50.34 mg/kg. [ Conclusion ] There may be a risk of phosphorus leaching in red paddy soil in Central

Yunnan, and the higher Olsen-P content was in the soil, the greater the risk of leaching was.

Keywords: red paddy soil; phosphorus; leaching loss; the environmental threshold value
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PRI T, BRI LM KRS L B R A T e
UL K 5 338 Olsen-P (Y FR, XA HLE B

HE . P B m R IS g . et Aol nT gk

JREAHET
1 MREEZ%

1.1 RS XMEOL ST R A

i 1 R 5 pU 2o 21 6 B - % B TR A K R
+, RS FEMATERE (E 103°2033”, N
25°6'45"), @ T AL WA 2= A, AR
16.3 °C, AEHFETH & 898.9 mm, FEFHAETTE 7.
8 H, HERELLIAaE N E, KELHENR
g mEE LI, T 20174 3 A HEKTES
T KDIG, RS 5 oRFEEREHZ L
FE (0~20 cm) S R ERE S, SR A B g
ERE, BN E RSN 020 cm, >20~40 cm,
>40~60 cm F: 3 N E T, SR 3 R MG
(P1). " (P2), 1 (P3) 3 MR AKF., k1 4%
FSEAPE BT AN 1 s
1.2 BlRAKEE

¥ PVC A (542 10 cm) BEU N 3 B, R
20 cm, #HUS B PVC 45 i i F e T 41
B, RIEHAFRBERAKFE LA LR, H
PVC #2 3EBE R 60 cm A HAEAR . AR
AZ) 2 em B AR, TEASE S 1 ET
B 15K 300 HAGZP R, +3EH PVC 35 #54EE
B, FEHEFIE LT LAESER 0.5 em /ML, H

F=1 i 1I1E (0~20 cm) BOEARM R

Tab. 1 Basic properties of the tested soil (0-20 cm)
BEFEAKP AITIE R TERERESEE TEREANESE s/ T n g
phosphorus levels (g'kg’) OM (g'kg™") Fe (mg-kg") Al (mg-kg™) AP (g’kg™") TP soil texture
P1 5.924+0.04 37.90+0.56 2.33+0.20 11.76+0.05 18.20+1.38 a 1.00+0.06 Fit clay
P2 6.704+0.07 35.91+0.34 2.20+0.06 11.28+0.11 57.16£1.22 b 1.194+0.02 F 1L clay
P3 5.03:0.03  16.97£0.33 1.7440.12 9.39:0.31 107.85+5.61 ¢ 1.25:0.04 IEFZ L loamy clay

e [F—SIARE T REORTE P<0.05 /KFZERE#.

Note: Different letters in the same column indicate significant difference at P<0.05 levels.
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KRN DL I IR K S M, R REK 1R,
HEIK E:24 300 mL, KBS B A g6 4R 1 5 7.
14, 21, 28, 35 f1 42 K, FHEKHBRRESR
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1.3.1 LiHME
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PR B 4y 6O BEIR I AE 5 ATV W (TDP) SEH
0.45 pm JEMELT U8, P FH O O R 0 AR Ak —H R
SRR E 5 Ok (PP)=TP-TDP; +if4
WK H NaOH 4% fl— S 86 b Lb (ki g 5 11
Olsen-P J¢H 0.5 mol/L NaHCO, /=4, HH4H
W TR ;. A AHLECR S IR AR —S Mk
WIFE; pH RFHAIKEE 1 ¢ 2.5 A3 B s 2,
1.3.2 T RAERERTHE

K4y BE AR Y (split-line model) #14 +
Hrh Olsen-P & i 5B Il H S I C R .
SRAECEE T, DA IR ES 2848 SO SERt, 435t
R ITHE, {fi5 Olsen-P 5 TP Z ] 16 2 )7 i

RREREK, tHRZREUR S ; K Olsen-P 1 TP Z [A]
R R T RERERE /DN RJE RS 2 MBI
JTED R S R AT (A
1.4 BIEFE bk

R0 B8 % Excel 2016 #E47 43 3FI/E 14
K H1 SPSS 18.0 #EAT HLK 28 J5 25 43 B FlLib 25 M Ao
I, KIS EER A ANOVA ¥, B3E/KFH 0.05,

2 HBRESH

2.1 D3V KORE 2 T 43 AR

FH % 2 AT RTRIBE KK R £ R B B
Bl + eI TR EE 3G, w53 Rk >
mEHE, LIERZBR BEHERK, PL. P2,
P3 KV 8 3R )2 0 & 1 0 EE 530 1.00,
1.19 #1 1.25 g/kg, TIHERZ LB /A I
FTE Y 5 HE A R 39.36% . 39.43% FI 39.72%;
P1. P2 #il P3 /K Olsen-P 75 (12 {E 43 5 Ky
18.20. 57.16 1 107.85 mg/kg, +IEFHJE Olsen-P
e TR & EE R 40.78% . 55.12%
62.00%, Hf+EHRFHER/DN, X5HR
TR C, mlERE TN
AIREAFELLT 4 N5 i R . — 2 e it
TOREYR RN T EBER AW, SRR
SRR, MR I AR . SR LR
LT B 2R 1) [T A T

*2 ORMKRELBMERIIES S
Tab. 2 Distribution of phosphorus profiles in red paddy soils

HITHRE /em LW e E(gke™") TP TS 5 /(mg-kg™) AP
soil depth PI P2 P3 PI P2 P3
0~20 1.00+0.06 1.19+0.02 1.25+0.04 18.20+1.38 57.16+1.22 107.85+5.61
>20~40 0.94+0.04 0.96+0.02 1.08+0.05 14.26+1.09 31.214+2.61 50.214+4.42
>40~60 0.60+0.02 0.86:+0.04 0.82+0.09 12.16+0.75 15.33+1.59 15.92+1.60

2.2 ARBERAKPFOEM KRS L2 BRI T
BRI TS E

HE 1 ArA: WEIR EE, ARBERKFE L
5% W TP /Y BT VW A 0.09~0.40 mg/L,
TDP ()55 4 0.07~0.29 mg/L, PP Y Jf ik
JEN 0.01~0.10 mg/L; £T 5K ARG 115 e i %
RO g TR S S, 5
H1 Olsen-P & i /0 M ALAE— 3, X R HIEBTE
TR R R ) KN R BT - S R A
H, WA, WNEE W EAE, RNRBEKE 5SS

T VR Tl 2R 5 A Bt o ) TR R P o e
i, THEXEBRETHHR SRR, PL.
P2 Fl P3 KV R EB NI P TP & &= 171
43310 0.14, 0.22 1 0.40 mg/L, TDP & HHY
SEAA{E 4514 0.08. 0.14 F1 0.29 mg/L, PP &t
118 43 51 9 0.06. 0.08 F1 0.10 mg/L, A [
/K213 TDP (5 TP (W LLEE N 56.25%~84.05%,
PP \5i TP {Y L &K 15.95%~43.75%, TDP fr /5 e
BIRA 5 = T PP, USRI R A2 K A
BlRRAEEEL TDP A E,
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Fig. 1 The average content of phosphorus in the leachate of various soil layers of red paddy soil with different phosphorus levels
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P2 Al P3 /K~F TPy 2K 43 5l oy 1298, 14.12 il
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HEFADE; 16>40~60 cm +ZJEE AN, 34
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JZ SR TP ik B T AL )2, XTRES
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KBEALPERTT , BRL TR DL K 2 A &
pH FIJCE L ALk . BRI sgm, RRAR T 0
ESLIl i

MBI TDP ikt i TP Jde s Hok
F, MRS LR EKAR TR TDP Hidk &5
A TP SRR 66.05% . 63.55% H1166.04%, TDP
TORAE TP A & LU 5 F PP, Ui AN
RO EMKFE £ B IR 2L TDP b 3,

i B/ (mg-m™)
leaching out
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Fig. 2 Leachingout of phosphorus infiltration in red paddy soils with different phosphorus levels
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$,=0.001 7x+0.0839 (R°*=0.288 1, P=0.607**,
Olsen-P<<50.34);

¥,=0.0039x—0.0274 (R*=0.9337, P=0.966**,
Olsen-P=50.34),

., x A Olsen-P & &, mgkg; y HBIKRIKT
TP & &, mg/L; **3F/RAE 0.01 KF ) L i
FA,

THEAF I FEMRIAVE T I R P B Ak
Olsen-P % & & 50.34 mg/kg, 4 1 1 Olsen-P &
HANT IR R AR R, HEPElR AT
B TR MY 3 Olsen-P S KT+
HEE R IME AR, 2T BEHHEAB IR T
TP e i SRS

~ 045

= o 040 *

o0 ©

EZ 035t

S 030

X 2025}

i 2 0257 120,001 7x +0.083 e

5 020] o R?=0.288

& golsy

H+ 3 L

= So010f ‘g

1 & 005}
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content of Olsen-P in the soil

B3 LT Olsen-P RESESRFRTDHEKENXR
Fig. 3 Relationship between Olsen-P content in soil and
total phosphorus concentration in leachate
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31X 55 A B 25 P A ) TS ) A K BRLK e 1Y)
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- B Rk 5 HO B B e v TP ST & B A
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T IR Z AT {EAL Olsen-P & 50 50.34 mg/kg.
ST KA %) T I R PR R 2 T — oK
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4 g

(1) TR R & B R E I b
TIERIIREE RGN, BR BB 5 G
FRE M,

(2) B W W TP 1Y T & vk B Y0 [l 2 0.09~
0.40 mg/L, TDP /) i & ¥ & 75 [l 4 0.07~0.29
mg/L, PP R EHEEEH 0.01~0.10 mg/L, &
IR & B & B T A ) & i

Q) TEBANB IR P, AR BRI
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JKFGL TP, TDP F &k & K/N K P3>P2>Pl,
BRI PR R FEIEA N TDP,

(4) SR HIAS TR &5 WAV 14 A Rl 55 X

RLB IR TP 5Tt v B R F 43 Be Il AR B A7
UG, A5 LTHEME KRS 0 MR Tk (1 3R
BER{E N 50.34 mg/kg.

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[ &5 ]

X, BERAE, AT, S R KRS T E A 15
W], T~ &AL R, 2012(9): 55. DOIL: 10.3969/j.issn.
1004-874X.2012.09.038.

Z5 PIE, FOoE, sk, 25 mifokiE L RB IR A&
KI5 Olsen BERISC R[], B s MOl K 222440 (1 28E
2R, 2007, 31(3): 52. DOI: 10.3969/j.issn.1000-2006.
2007.03.011.

TRLLFZ, SRR, s, R X AR RS R
TEHLRARIR B SRR [T]. AR AL, 2008, 27(1):
17. DOI: 10.3969/j.issn.1008-8873.2008.01.004.

FARTH, BEBIE, T E Bk, 55, A FETUR G 1A HK
T 15l 2R P AR B FL S T R 3R R BIE AL 0], 4R,
2012, 49(3): 607. DOI: 10.11766/trxb201104200142.

Zs R, 2Rk, SRBkAR, 25, 203K RS AR o IR A v
ARPRAE[T]. 322, 2003, 40(6): 870. DOI: 10.11766/
trxb200212080611.

TR, K AR T P ] S A a1 e KRS IR AR
FE SRR A D], Ak F BRI R B, 2012.
Mo, 22K, B PO, 5. AN [t Aevse =X 2 3 vk
IKFE L AR AT A E TR SRR, 2015, 21(6):
1521. DOI: 10.11674/zwyf.2015.0618.

BRI, AR a], M, A5 A AT 21 g 1 K RS L
FHREEESFHEmT). LIES5I5E, 2000, 9(4):
290. DOI: 10.3969/j.issn.1674-5906.2000.04.010.

G e S ] N N N iy W A2 R N
FEAE]. R A il R 24k (LR E/R), 2015, 33(1):
1. DOIL: 10.3969/j.issn.1671-9964.2015.01.001.

S, LR HT T EIMI. dE R ER O
RBHL tH AL, 2000.

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

e S O EE SORPAPTNE N i ot Y N IEZ S 4
PO —— B Al S 0], R R, 2011, 42(5):
1153. DOI: 10.19336/j.cnki.trtb.2011.05.024.
FEZE 2T 3 3 b - 3R FOR DL S HLh 2 XU WF 72 (D).
F M : RREAHR K, 2006.
IRELIR, AL, SR T5W, & B RIS R A 77 AL
BB TR IEAAR]. KRR, 2015, 29(3):
267. DOLI: 10.13870/j.cnki.stbexb.2015.03.048.
FEOHE, BoW, e asug, & ANE R Oy R R
R BERUREFAERF FT[T]. PRBE1L2E, 2011, 30(9): 1657.
B R PR, T 3B, X0, 5. AN [R) e IS A 2 P R e
RS RHIERT FE[I]. AR AR 244, 2014, 22(4): 394.
DOI: 10.3724/SP.J.1011.2014.31036.
UK, o, VAR, 45 WK X5 1 kR
GRS )] A YE IR 5 LR AR, 2010, 16(1): 112
DOI: 10.11674/zwyf.2010.0116.
HANSEN N C, GUPTA S C, MONCRIEF J F. Snow-
melt runoff, sediment, and phosphorus losses under three
different tillage systems[J]. Soil and Tillage Research,
2000, 57(1/2): 93. DOI: 10.1016/s0167-1987(00)00152-5.
GAYNOR J D, FINDLAY W L. Soil and phosphorus loss
from conservation and conventional tillage in corn pro-
duction[J]. Journal of Environmental Quality, 1995,
24(4)734D0110.2134/jeq1995.00472425002400040026x.
HESKETH N, BROOKES P C. Development of an in-
dicator for risk of phosphorus leaching[J]. Journal of En-
vironmentQuality,2000,29(1):105.DOI:10.2134/jeq2000.
00472425002900010013x.
g, A, kNI, 55 KU pERS H e R AL
FOVE 7R A 58 AR [T]. Hh B AR A Aol 224k, 2013, 21(4):
393. DOI: 10.3724/SP.J.1011.2013.00393.
TRAMH, TR, Gt ORI X KRS B R AR
R S Olsen WK «9AZ ki 7[1]. MUK 222 4% (H
SR EBE ), 2004, 28(5): 6. DOI: 10.3969/j.issn.1000-
2006.2004.05.002.
BRI, AR, TRPEAR. = T /K EREE XU (1 2133 1t /K T
+ Olsen-P 58748 S A 7T[J]. 123, 2008, 40(5): 770. DOI:
10.3321/j.issn:0253-9829.2008.05.016.

FAEYR AR TR,



http://dx.doi.org/10.3969/j.issn.%3Clinebreak/%3E1004-874X.2012.09.038
http://dx.doi.org/10.3969/j.issn.%3Clinebreak/%3E1004-874X.2012.09.038
http://dx.doi.org/10.3969/j.issn.1000-2006.%3Clinebreak/%3E2007.03.011
http://dx.doi.org/10.3969/j.issn.1000-2006.%3Clinebreak/%3E2007.03.011
http://dx.doi.org/10.3969/j.issn.1008-8873.2008.01.004
http://dx.doi.org/10.11766/trxb201104200142
http://dx.doi.org/10.11766/%3Clinebreak/%3Etrxb200212080611
http://dx.doi.org/10.11766/%3Clinebreak/%3Etrxb200212080611
http://dx.doi.org/10.11674/zwyf.2015.0618
http://dx.doi.org/10.3969/j.issn.1674-5906.2000.04.010
http://dx.doi.org/10.3969/j.issn.1671-9964.2015.01.001
http://dx.doi.org/10.19336/j.cnki.trtb.2011.05.024
http://dx.doi.org/10.13870/j.cnki.stbcxb.2015.03.048
http://dx.doi.org/10.3724/SP.J.1011.2014.31036
http://dx.doi.org/10.11674/zwyf.2010.0116
http://dx.doi.org/10.1016/s0167-1987(00)00152-5%3Clinebreak/%3E
http://dx.doi.org/10.2134/jeq1995.00472425002400040026x%3Clinebreak/%3E
http://dx.doi.org/10.2134/jeq2000.%3Clinebreak/%3E00472425002900010013x
http://dx.doi.org/10.2134/jeq2000.%3Clinebreak/%3E00472425002900010013x
http://dx.doi.org/10.3724/SP.J.1011.2013.00393
http://dx.doi.org/10.3969/j.issn.1000-2006.2004.05.002
http://dx.doi.org/10.3969/j.issn.1000-2006.2004.05.002
http://dx.doi.org/10.3321/j.issn:0253-9829.2008.05.016
http://dx.doi.org/10.3969/j.issn.%3Clinebreak/%3E1004-874X.2012.09.038
http://dx.doi.org/10.3969/j.issn.%3Clinebreak/%3E1004-874X.2012.09.038
http://dx.doi.org/10.3969/j.issn.1000-2006.%3Clinebreak/%3E2007.03.011
http://dx.doi.org/10.3969/j.issn.1000-2006.%3Clinebreak/%3E2007.03.011
http://dx.doi.org/10.3969/j.issn.1008-8873.2008.01.004
http://dx.doi.org/10.11766/trxb201104200142
http://dx.doi.org/10.11766/%3Clinebreak/%3Etrxb200212080611
http://dx.doi.org/10.11766/%3Clinebreak/%3Etrxb200212080611
http://dx.doi.org/10.11674/zwyf.2015.0618
http://dx.doi.org/10.3969/j.issn.1674-5906.2000.04.010
http://dx.doi.org/10.3969/j.issn.1671-9964.2015.01.001
http://dx.doi.org/10.3969/j.issn.%3Clinebreak/%3E1004-874X.2012.09.038
http://dx.doi.org/10.3969/j.issn.%3Clinebreak/%3E1004-874X.2012.09.038
http://dx.doi.org/10.3969/j.issn.1000-2006.%3Clinebreak/%3E2007.03.011
http://dx.doi.org/10.3969/j.issn.1000-2006.%3Clinebreak/%3E2007.03.011
http://dx.doi.org/10.3969/j.issn.1008-8873.2008.01.004
http://dx.doi.org/10.11766/trxb201104200142
http://dx.doi.org/10.11766/%3Clinebreak/%3Etrxb200212080611
http://dx.doi.org/10.11766/%3Clinebreak/%3Etrxb200212080611
http://dx.doi.org/10.11674/zwyf.2015.0618
http://dx.doi.org/10.3969/j.issn.1674-5906.2000.04.010
http://dx.doi.org/10.3969/j.issn.1671-9964.2015.01.001
http://dx.doi.org/10.19336/j.cnki.trtb.2011.05.024
http://dx.doi.org/10.13870/j.cnki.stbcxb.2015.03.048
http://dx.doi.org/10.3724/SP.J.1011.2014.31036
http://dx.doi.org/10.11674/zwyf.2010.0116
http://dx.doi.org/10.1016/s0167-1987(00)00152-5%3Clinebreak/%3E
http://dx.doi.org/10.2134/jeq1995.00472425002400040026x%3Clinebreak/%3E
http://dx.doi.org/10.2134/jeq2000.%3Clinebreak/%3E00472425002900010013x
http://dx.doi.org/10.2134/jeq2000.%3Clinebreak/%3E00472425002900010013x
http://dx.doi.org/10.3724/SP.J.1011.2013.00393
http://dx.doi.org/10.3969/j.issn.1000-2006.2004.05.002
http://dx.doi.org/10.3969/j.issn.1000-2006.2004.05.002
http://dx.doi.org/10.3321/j.issn:0253-9829.2008.05.016
http://dx.doi.org/10.19336/j.cnki.trtb.2011.05.024
http://dx.doi.org/10.13870/j.cnki.stbcxb.2015.03.048
http://dx.doi.org/10.3724/SP.J.1011.2014.31036
http://dx.doi.org/10.11674/zwyf.2010.0116
http://dx.doi.org/10.1016/s0167-1987(00)00152-5%3Clinebreak/%3E
http://dx.doi.org/10.2134/jeq1995.00472425002400040026x%3Clinebreak/%3E
http://dx.doi.org/10.2134/jeq2000.%3Clinebreak/%3E00472425002900010013x
http://dx.doi.org/10.2134/jeq2000.%3Clinebreak/%3E00472425002900010013x
http://dx.doi.org/10.3724/SP.J.1011.2013.00393
http://dx.doi.org/10.3969/j.issn.1000-2006.2004.05.002
http://dx.doi.org/10.3969/j.issn.1000-2006.2004.05.002
http://dx.doi.org/10.3321/j.issn:0253-9829.2008.05.016

