DOI:10.13758/j.cnki.tr.2006.06.012

(Soils), 2006, 38 (6): 734~739

1,2 1,2

CL R BEREA BET B N A2 2B U i 2B B R T i S0 5, VR

1,2 1 1*

110016; 2 P EEFFERIITARE, 65 100049)

e e (P) IR AT RS 52 BT Gy o /KRG Tl P s S RTHEAT e ot EE R e PR 5
FH, it PO A BRI VR PR FE A R, S P AS I PR 2 60 em )7 BLUR IR EEANE L 0.1 mg/kg,
P EREATIRL P oA Al iEE P 4 1.2 ~ 1.4 kg, JE0GTEP M 1.2~1.6kg, &P K 25~28kg, HHIR/K
/N, it P RAR T 400 kg/hm? B, HENT P AEA R LR Mt PR T 800 kg/hm® B, P EJZ 1 RS
LG s i P BRI 1600 ke/hm® 5, Bahfi B ik 10 em. FEHIH L2 3T AE & A P IS SRR
13 Olsen—P By 74.1 mg/kg, ML IZAMR A P BRI I0 AT et 18 .

REF 58 s s 1T
S143.2

W (P) RN ARG R L —, T P 4
WA 2, PRI L3S AR AU,
MR R RAE 10% ~ 25% HREFEANY. Brid,
A GE M AN N 3R 1 P4 K 2 B0 8P
[, ANZ ORI, JEHE R R AR
Ay, BMERHZ AT 60 em LT P
AT A ok, HBURAAR N, (2 g AR
IR 2 LS HE K R R BLAT PR T e D5 B
KB, A NAF IR BUR PR ARG R A
MEE LAY, IR — ORI P 1%
PR PEE A, Ed AR TR 4 R B 22 2K
DUFBL BUE RS A R BRI B5E, 4k
BVh PR LI, IR R AN P AR
DAAN [l R S X 738 g AT sl it B N - 33
JRERIAEC T LS PRSP R,
Hi T AR B RRER], 3 P,
EAGNGE, B2 P S —BEA, Tt
Serh P AT S, IR AT PR
ARG N, FTRESEL P BEME AR AR Y 3 1)
TR R, P A L R R 5
% PR, JUHOR 1 pH 1, L,
PRI ANFEIPE SR 5, P AR R EE A R
A A

XF PN, @AY P R

OK4TH: FHEBREERES
* JHIAE# (chenxin@iae.ac.cn)

ANANWIRRE S BRI, P A ] T T 1)
IR, FEEERERR L. L P sk
AR ZU BRI AR I, R HKIREE T, — B P
R e S, AR FIEBN . BARRS P AR
S S S 4 S 2 R4 ol = 2 L F S E & e 2
PEES (IBIF AR AT AFRGE (BT REIX LSRS0S A
e PR R P BRI PR G
(R AT REME S AR AT RN T AIRBR = N
BTk, RS H 8l AN R P OIE, ESE it
AL P IR IR AN B2 L8 P N
SR RENEARE P BN AT, ITTE R P HLAERS
LS s M s e, O PR G BEGH 3h
B BRI R M

1

1.1
PR R 1 A B R 2 B T BH AR S S
(41°31'N, 123°24'E) K+, H EZ 4 (0~20 cm)
FIFEL (20 ~ 60 cm) EEEALME T ILEE 1.
1.2
I W 6 AMAbHE, RBI Py, ANl P XA (CKO;
Pioo Jiti P 5 P 100 kg/hm®; Pago jiti P 524 P 200
kg/hm?®; Pago Jifi P 54 P 400 kg/hm?; Py Ji P &
P 800 kg/hm*; P00 i P 54 P 1600 kg/hm?®, T it

(30470336 FHp [E R} 2 e il Az AR LR 3 05 S0 00 = A W B

EHERI: Ak (1974—) , YW, WiEEscAE, FENGRE HIER SRS, E-mail: zhouquanlai@126.com



56

JElAokAt . WRAEAE 3 D B R R LU 5T 735

1

Table 1 Physical and chemical properties of tested soil

TR R jsye 4N 4P R K HR P pH
(g/kg) (gkg) (g/kg) (mg/g) (mg/kg)

L2 (0~20cm) 10.10 1.20 0.25 98.2 29.6 6.7

T2 (20 ~ 60 cm) 7.54 0.87 0.26 87.3 14.8 7.4

R P IRy LB RRES, WFEE, 3L 0.1 mm Ji.

¥ 100 HE W E T ISH KA b, Bord
W30 mm £ UE. BT, RS T RIET
S5, RFEFR 2.0 kg T =4, BRI 173, JF&2dHE
B LB AN s, A AR R (R E) 76 1.2 glem’
KAy, BJa AWK LR, E R 2
Ky BERANA 10 em ZEWKMRDE 1 Ik, WhoE 5 K,
RIGHI EE o 2 T HE 0.83 kg $ AN [F] A 2R
NG PO, fEERHSIRAIY4), & BTy
AR, 25 20 cm, ARG ANZEIEK,
LA 12 em BOK)ZE, LRI FLR kGRS,
RERIRDE 390 ml /K (20 100 mm), EBOHKIER,
THEAER (B Do WS RS T 30 X, TiK
S5 1. 24 34 44 8 104 18 1 30 KHUFE, ik
YE/K 2] 11700 ml (3000 mm). 154 RMEER T P
HA 30 Rk P B, W R LU A

0= Kszs: C.ATY,
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O Jilk¥E (kg/hm?®), Ci kP IRFHAR FRE K
WEFES ISP RIREE, Vi A PR IRAH AR RAE ) IR A i
AR (ml), AT PR UCRFERITRIBG IS ] (0,
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Fig. 1 Design of soil-filling lysimeter
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FH split-line #5784 T AE Z AR 1358 LR 2R Pk
AT 3 Olsen-P B> 1, %404 H 2 ]
PN TR ARE R 1) B 26 iR 180K P (STP: soil test
phosphorus, b4k H 11 Olsen-P) S5 n[ % H: P
(CaCl,-P) ZIHIIKFR, PISGHELWT:
- STP (Olsen—P) T BB K,

CaClL,~P = m; (STP) + ¢
M +4-3ih STP (Olsen—P) =T BB

CaCl,~P = m; (STP) + m, (STP-Tsrp) + ¢
AR ¢ B my 2 B3 STP AR T BI{E I 1)
RER; my &4 STP m FBIER M EHZLRES m
H172; Tsrps&i% 113 STP (Olsen—P) [#{H.

cvmi~mys Tstp 4 DMSHRIH G- 4F SAS8.2
AR PE R H 4> B (PROC NLIN) & 57 — 4= i
(Gauss-Newton) ¥Effii145314,
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P4 P (TP) WREE: HMk BB HaSO4—
HCIO, W, AHIE ke ; nIEiEtE P (DRP):
PRI 0.45 um JERRREIE S, KA S T REAR -
BHEE Ly kIe . k3O R I H -

EE kP (G E R A PL LA P AR
PE45 ML P) (UP) = TP-DRP; 133 Olsen—P K JH kR
SNV s -3 CaCly-P F S T AR -4H i Lt
RN E AR T S SR A ik
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2.1 P Olsen—-P

Olsen—P j& L3EHAL P, 5T 0 L3RR R,
MRS A AN [R] 22 Ik 38 1) Olsen—P Il 5E 45 2R
(#2) LA, EE+ 0~20em) 5FZ T (20
~60 cm) 1 Olsen—P W FEAFAE ] 2 2 5% (P<<0.01),
AR AR B b R A AR 25 (10 em A 20 em) 2 [H],
HFEWHEZER, BXAFIAFE. Py~ Py bH 10 cm
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FES A P RE ST 20 cm & Olsen—P /%, {Hji
P & 800 kg/hm? J5 RPN AEFE (Psoo F1 Preoo)s

FE A 20 em BUFE AiAb Olsen—P W JZ 5T 10 cm
HOFE fid, RN IR PRE Tt P &I T 400
keg/hm® i, P ¥ HERR D, BahiE s, A
FEARSEIF EE L (0~20cm), 24 P E T 800
kg/hm® i, P ¥ R AR ShEE S 1 b, £ 20 ~ 30

2

cm Z A N JE 1+ Olsen—P W AT MRG0 £ 5
SEALHE Prgoo 19 30 cm HURE 554 Olsen—P ¢ 5 HH Ik 5
T40 ~ 60 cm & RKREE, KUY P &l 1600
kg/hm® LU, P 7E LA B 3hER 87T LI 10 cm,
A WLAE P AT 400 kg/hm® I, f L4 P B3
IR, e TR E G, WA R E
HiT#.

Olsen—P

Table 2 Concentrations of soil Olsen—P at different profile depths

REE ANFIAEHE Olsen—P ¥ ¥ (mg/kg)

(cm) Py Pigo Paoo Pago Psoo Pigoo
10 28.6 (0.70) a 35.9(0.57a 437(1.02)a 633 (1.94)a 82.8 (5.80) b 117.5 (1.32) b
20 234 (2.17)b 304 (2.11) b 35.9(5.16) b 52.3(3.90) b 94.5(7.07)a 146.2 (2.84) a
30 16.2(0.58) ¢ 16.0 (1.01) ¢ 16.2 (0.68) ¢ 17.0 (0.46) ¢ 18.1 (2.19) ¢ 61.7 (6.93) c
40 15.2 (0.68) cd 14.8 (0.89) ¢ 14.9 (0.43) ¢ 15.6 (0.12) ¢ 15.4 (0.10) ¢ 15.6 (0.17)d
50 15.5 (0.43) cd 15.1 (1.04) ¢ 15.7 (0.40) ¢ 15.9(0.52) ¢ 15.0 (1.00) ¢ 16.3 (0.20) d
60 13.7(1.21)d 14.4(0.43) ¢ 13.7 (0.66) ¢ 13.8 (0.68) ¢ 14.5(1.22) ¢ 13.7(1.27)d

Ee FSIAFE TR AL P<0.05 KT R &3, 5 WA bRAEN 22, R IR .

RO P&, TR P A& ZW
B IR S Feo Al S5TE e, MELME BT
IKHVERT ) R BRI 8. {H2 24 H 380 P R
X P B AT, R PR I i,
B TR IVE I HOE B39 0, 1 FLAT e 4 Hh R
Jit, A P ARG . IAIRE AT, 6
+ 34505 P #idk 800 kg/hm?®, P Wl W AEH); 4 P &
it 1600 kg/hm® 5, P (IS0 E Sl 10 cm.
2.2 P CaClL,-P

H 0.01 mol/L CaCl, #£EX (1) P iRk &% 5 L35
KA PR A CHE I, ATDARAERIE L3 s T
K PO, CaClP 42 5 T Bl /K Ik 2 51 2

3

PIEED O W 3 PRI, Py~ Py AbEE 12 45
20 cm HUFE £ AL CaCly-P ¥R FEIEAC T 10 om 4B,
JE R & T 20 em SRFE G4 LAE R AL T A5 T
)2+, AR CaCly—P W WA o 7 Pgoo A1 Pisoo
A 10 em &b CaCly-P WKRJEAR T 20 cm &b CaCl,-P
W, Rt P # 800 kg/hm? 5, i HIEd P
RAHEES), H 0.01 mol/L CaCl, ik At iZ HE i T
% P. [d] Olsen—P —#f, Pigoo A0 30 cm HUFE S kb
CaCl,~P IR W 5 =T 40 ~ 60 cm HUFE £, Wit P
Fild 1600 kg/hm® I, P a0 E#E 10 cm, FF
RAEH CaCly-P WSR2 3 PikAEA
B2 (P<0.01).

CaCl,-P

Table 3 Concentrations of soil CaCl,~P at different profile depths

P RFELLH CaCl,-P WS (mg/kg)

(cm) P, Pioo Pago Pago Psoo Pieoo
10 0.082(0.02) a 0.111(0.01) a 0.152(0.03) a 0.245(0.001) a 0.414(0.11) b 0.785(0.09) b
20 0.078(0.02) a 0.097(0.02) ab 0.150(0.06) a 0.160(0.01) b 0.730(0.06) a 1.41(0.15) a
30 0.056(0.01) a 0.070(0.02) ab 0.087(0.01) a 0.101(0.00) ¢ 0.078(0.02) ¢ 0.464(0.12) ¢
40 0.057(0.02) a 0.057(0.01) ¢ 0.072(0.01) a 0.074(0.01) ¢ 0.077(0.02) ¢ 0.087(0.01) d
50 0.065(0.03) a 0.08(0.05) ab 0.087(0.03) a 0.10(0.02) ¢ 0.105(0.03) ¢ 0.089(0.03)
60 0.041(0.01) a 0.048(0.01) ¢ 0.078(0.01) a 0.091(0.01) ¢ 0.083(0.03) ¢ 0.098(0.08) d
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2.3 P 0.048 mg/L Z[u], 4 P RJEVLFELE 0.082 ~ 0.093
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MR P, HAEVERGE, W5 1O IR, T
WE PR R MEIE R, RAWTS L IR S A
BT fE, R HR PR I S AT A i SRR
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4 P

P

mg/L Z I8, ANFEAEEREYE POk E R BAAE 2R
(P<<0.05), (HILURREF-ABfijtE P 38 i i s 3
4 P H OB A AN i A s, B 1
ot PO AE ) LR . AT E PR BT A
KEABARRAE 12~ 1.4kg Z 1], &P HIK P AN
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Table 4 Concentrations of dissolved reactive phosphorus(DRP), unreactive phosphorus (UP)

and total phosphorus (TP) as well as P leaching loss per hectare

P 4145 AbER FES T PR HISEETES (NN TREPN
(mg/L) (mg) (kg)
A YE P Po 0.043 (0.007) ab 0.503 1.308
Pioo 0.039 (0.009) b 0.455 1.183
Paoo 0.048 (0.014) a 0.563 1.464
Paoo 0.040 (0.012) b 0.468 1218
Psoo 0.039 (0.009) b 0.457 1.189
P10 0.040 (0.010) b 0.469 1.221
st P Po 0.043 (0.019) a 0.503 1.308
Pioo 0.049 (0.018) a 0.572 1.486
Paoo 0.040 (0.020) a 0.469 1.220
Paoo 0.053 (0.019) a 0.621 1.613
Psoo 0.052 (0.025) a 0.634 1.647
P10 0.047 (0.027) a 0.599 1.557
4P Po 0.082 (0.014) a 0.960 2.495
Pioo 0.084 (0.011) a 0.980 2.548
Paoo 0.084 (0.019) a 0.985 2.561
Paoo 0.093 (0.018) a 1.089 2.831
Psoo 0.088 (0.021) a 1.033 2.684
Pisoo 0.082 (0.024) a 0.963 2.504

IKEEF RS PO AE R ) N AR AR
)P, EFEHRIA Py AL P 5, HIREELE 0.043 ~
0.053 mg/kg Z 1], SnIEsiE Tk P kR, &5 %
IHT, SAEELZ R ZE R AR (P =0.256), H
HRE St EMA <R r = 0.133 (P =0.158), —
BRGHEARN R, oA MR ARENE P 24
M 1.22 ~1.62 kg 2 ],

VK E R GEERE 3000 mm), S P
e, SAEREAMATER P R, ks g
TP ARSI P AL P IR 45% & T BLAKAR )
1 Wk A P AEA BEIRIEAEAEIT, 10% ~21% thes
KA AR P U, R, IR P Y
50% AT LA KR!, Ay PR R

JE, AHAWFTH P R E ARG T 0.1 mg/L, Kk,
X TS AL TR o
2.4 p

11 Olsen—P WK JZ 5 0.01 mol/L CaCl, ¥z
PR JEZ AT IR U ARG, 24 148 Olsen—P IKRJE
B LG, KEbE PR, KA P
FE TR .. Hesketh Fl Brookes® A4 0.01 mol/L
CaCl, %42 P LA L8k P, Olsen—P 1]
DN (S B 1 e B S S B 1= s TR L I 0 e
POk T REE, FH_LE AR 13 Olsen—P K
BEAA bR, CaCl-P W FEAE A A bR, 43 B bl
(split-line) BIALAUA, WK 2 Prox, EIHPi&HE
LR AZ miAk Olsen—P W LN 74.1 mg/kg, Witk 11
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Simulation of Leaching and Transport of P in Paddy Soll

ZHOU Quan-lai*?, ZHAO Mu-giu'? LU Cai-yan*?, SHIYi!, CHEN Xin*
(1 Key Laboratory of Terrestrial Ecological Process, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China;

2 Graduate School of the Chinese Academy of Sciences, Beijing 100049, China )

Abstract: P leaching and transport in paddy soil has been a public concern for a long time. A lab leaching
experiment was conducted to study P leaching and vertical transport in paddy soil after P was applied to tested paddy
soil. Results showed no significant influence of P application on P concentration in leached-water samples obtained by
60 cm high soil-filling lysimeters in different treatments; P concentrations of different fractions of leached-water
samples were all less than 0.1 mg/L, equal to 1.2 ~ 1.4 kg/hm? of dissolved reactive phosphorus (DRP), 1.2 ~ 1.6
kg/hm? of unreactive phosphorus (UP) and 2.5 ~ 2.8 kg/hm? of total phosphorus (TP) lost from tested soil, respectively,
thus, could influence little on groundwater; P did not transport to subsoil as P applied amount less than 400 kg/hm?, but
an obvious P transport was found as P applied amount above 800 kg/hm? which could reach 10 cm when P applied
amount above 1600 kg/hm?; 74.1 mg/kg was forecasted as threshold of Olsen-P in top soil to leach and transport to
subsoil, and possibility of P leaching and transport would increase if P concentration beyond it.

Key words: Paddy soil, P, Leaching, Transport



