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Contribution of Colloidal Phosphorus Loss in Runoff of
Paddy Surface Water and Drainage
YAN Dawei, LIANG Xingiang, WANG Feier, ZHOU Junjie, ZHOU Xiaoying, TIAN Guangming

(College of Environment & Resources Science of Zhejiang University » Hangzhou 310058)

Abstract: In order to reveal the contribution of colloidal phosphorus to the loss of total phosphorus, we
carried out a field experiment to collect the water of paddy surface and ditches under typical rainfall events.
According to the actual weather conditions, we selected a typical rainstorm event (48 mm/h) and eight
rainfall events with different intensities of 8, 9, 19, 23, 23, 32, 36, and 49 mm/h. The results showed that:
(1) Phosphorus loss in the surface water and paddy field drainage was mainly composed of particle phosphorus.
In the total phosphorus passed over the 1 um filter, the loss of colloidal phosphorus accounted for 21% ~
73% s even exceeding the loss contribution of true dissolved phosphorus. (2) The contribution of colloidal
phosphorus in the surface water after rainfall was 9% ~44%, and the contribution of colloidal phosphorus
loss in paddy field drainage was 10% ~16%. There was positively correlation among metal oxide colloid,
organic colloid, metal oxide-organic colloid and colloidal phosphorus loss contribution. The correlation
coefficients in the surface water were 0.544, 0.635, 0.781 (p<C0.05), and the corresponding values in the
drainage in the paddy field were 0.734, 0.350, 0.747 (»<Z0.05), respectively. They were the important forms
of colloidal phosphorus in runoff. (3) Fertilization reduced the contribution of colloidal phosphorus loss by
affecting conductivity and ionic strength, while rainfall intensity increased the contribution of colloidal
phosphorus loss by affecting pH value. The R? value of linear regression coefficient of rainfall intensity and
colloidol phosphorus concentration of drainage in the paddy field was 0.75, but the degree of influence on the
loss of colloidal phosphorus in the surface water and rice field drainage was different.

Keywords: field surface water; paddy drainage; colloidal phosphorus; loss contribution; rule of loss

5 H #1 :2019-04-10

FEIA R : [ 5K 5 Y i il 5 36 BURL B K L0 (20172X07206-001) 5 B K 5 5985 & T KI5 H (2017 YFD0800103) s #1144 4R B} 2
4T H (LR16B070001)

F—EH ERMAEQ994—) B WA FE A, BN AR T IR TE G A FEFSY . E-mail :21614079@zju.edu.cn

BEMES RHEA979—) B 82 A TR, 2N F AR /TS e 58 . E-mail: liang410@zju.edu.cn



48 KPR 2R R

TEUAE R BEFE BEAS i h B R K 2 Hkide o1
g A T RV S W B LA 0,45 pm O FELBR B4R <C0.45
pm BB R R 2 VR R W, > 0.45 pm BB R O UKL
W AR, B X 3R AR A I ST AN TR A,
Kbk 22 ) 2535 g B 38 3 I vk A 0 5 A O
Bl T SR X B R A KO PR A T A R A
F2 IR R R R AR A TV Sk e R U 8 v TR] A AR
CRiAEA 1 nm~1 pmD 7ERER TR i 2] 1
FHEAVEM . Christoff 2850 % 91, 1A B 19 77 76 5 3¢
Mo ZRK A R R SN T 1 A%, R E 2 E NN
SRV B U 43 DX J R T o 0 K R
(9 39 % . LAk, ¥ fifk s 4% BR A 2 M i ST L3 2R 4
Wl (MRP) F1H 5 4E W B (MUP)HY, MUP
(1) 32 L B A DL 75 22 2 w4k Ry JC AL A 2 1 %
W, A= BB T A N T 20 %5, T MRP Y 32 %
G B9 T R 85 3 DA Dy 2 IS L R A L
1M 32 32 K AR 4y 5 MRP F1 MUP, H p
R MRP K fift J5 JC 75 0 A vl g it . A, e ik
WEAPRIARIE I 1~1 000 nm™ , R ZHUEY) FigEds ™
(20 MLBE Sy 5~15 nms TR 43 W WY iz i )OS Bk AR
VIR AN BE B MR o I A, (LI A Tl %o 1 3R
AR F PR DTN AE T B B 29k B WO T
FEFHAT LUAE E TE LB W A 8 o R I L eIk
WA A AE 2 (R BEAR P AR R BB 5 0 I A ol Fry %
HRZAR O WSO 35 1 4 435 IR I it 25 £ i e 26
R 28 AL , R ] 2 2 J) B A5 Ak 3 R B R
VR AE B PR R T K A B B B2l e Ak, H TR
TR B 1 11 B3 2l A G AT DL R AR K B s
HAE KRR E K R R B e R XK R
Al B W AR AR . R WA R AR 2 M R Y
B R Z B DUAE Y SO R T2 DL RIORL B
S A R Wl 3R O 2 AT 9 X 2 T S AR 1 Ry 2
WEFEXS Gab b b B IR 1 1% Ak i A% 2 I A i Ui
I8 B4 17 HL 76 b3 A 2 3 a1 A A B AR A i A A
R AR M Z R E T RS2 B . B ) O
iR JZ TR 1) U AR T3 (51 1) KA T OF 1T,
FE =3 WL R VR R M & A A ORI BE R,
JIRK A T3 52 J5e 1A 3% T PR fer 25 B R Pl O ) RN SR D
A2 OK AT 1) sgma e K, RVRE 5 5 5
PR 385000 5 0 P J2 %5 3 184 M T 2 A T % e R
¥ 1 JEAEAE Sy s A2 T A A R A R B
LKL, T B B R RS, I R 2L ok e R
AR A it 0 WK A R S S L R AR AL
AR I F A8 7K 43 RO e A B el 2, A A 2K o s Bk

F OB L v v A R B M ROR T A 2R A
A HE B 1A 85 38 K b ) RE % B, Koopmans 45
PAAE 224 1) i 8 B R ISR 5 6] A TS Ak A
KAV MRP B 7 &, & BUES & Ak B s . 4l 45
W EH70.45 pm AT UE TR IAS 1) MRP & &8 FEAL T
93 %0, X F2 BER T B ORI R 25 S K
K, BB IR KB . SO T —E AR SR
B R R R, L, A B R SR
IRBE AR 2 7= A — E R Y, Zhang!' ™ g X R [R]
- B T A A v U S DL AR R B, R
8 5 R ARl I 2R A TR G S 3R 1 - I R AR
BRI 2 B . e Ah . pH X e A 1) R E
HA W EH MW, Liang 55 78 pH X B i 2% 52 Wil
AR FE & B, DL pH =6 g3 4 . SR B+ 3R W Y
F B FK pH AR, e A4 B 09 3L % i AR, HL 4R O
TR Fe FIE A B Wk B2 B TE ) B9 AH OGP, X &
BA2AERE SR pH XU F  KENEE TS
VA R 0 1 4 e AR A W R R 3 R T e A
P R S TR RS 5 A R A
(A HIL BT — 4 Ja — Tl JC A 7 2 WA A7 50 2 70T 399 1 JE
PRBE 2R DT . AR 5T BE B K R T I T K R4S
A HHEK AR R A A B SERT R, EEASE T
3 AR A, (1) B W 7 A o K R T KRR EE HE K
A28 v RS AR Tl 1 A K BT R 5 (2) A8 A M A g 1 T A
B2 5 (3) 7K A8 FH FH 1T 7K AR HE 7K A28 0 v 1 4 ol v
UL TR R O R

1 BRSJ5%

1.1 FFAREXIE

AR X Ry VR G0 355 mF Ui (R AT N T A b X AR 1L
B Al A PR B A 3 b P A KR [ (119°53' 26"E,
30°22'53"N) , Rkl X T AR 27 398 m” A 4E HFhAE 1 2K
FEL RIS 5—11 A . A 2 Yt AL st 1), 4351
3H 10 HFI 6 H 10 H. %R W3 KX S A%,
2017 AEAEISR 15.8 C AR R K KR 143 d. 4248y
/K 1 556.5 mm, AS[A] 2245 B R o 22 1E 0 3%, [
WA T 3.9 A KRS EET 100 mm,

1.2 MIRF*

B 2017 4E4 2 H S HA3HG A 17THGE A 15
HS8H2H.8HA9IH.8H 16 H.9 A 11 HEKAM 8K
R TR S0 SR A A HH HH 7K TR0 98 B A2 3 A KRR S SR AR A7
EHAKT 5 em, AN, HEH 2017 4F 6 H 25 H kA&
)1 Wk 2 A AERE R R )5 5.15,20,30,45,60,
90,120,150,180 min R4 H /K FAEHHAAK (K D .

R SR v A W, pH 2R ] Hach570 pH 1t



% 6 3

=) R 45 < A T TR 7K 55 1R K AR AL HP B R W8 9L K T R B K ML A 49

W 7E , COD R T2 Ah i FR B VA DI A . Bk FHCOK R
PREAK W A3 M5 36 058 4 RO PR 3512 . LA el A G
AHS BTN A8 DS R OKFEF 1 e B RES UE K DE VRS>
Ry 2 Ay, v A e AR Tl R B R L R T
30 000 r/min T B0 2 h, RAKBETTRE T 85045 K
T LT VA L A A 5 A R S 10 0 VR O R R O
S AL 98 A 5 1) B0 YRR R A R D Sy KR e A )
W, A Fe et Al FIBEHR TOC ¥ BE ¥ K B O fe
VIR B 2 25 F B A A5 8 IR A 7 & S ik
(ICP— AES, 6300, Thermo Scientific, 3£ &) il & ¥
AL Fel AL, TOC SR FH R i S A 40 B X (Multd
N/C 3100, f# ) ] £ . MRP & i 1A ke 5 75 R 11 i
(6 L B 5 B R kSR LL £ S A v R
MUP ¥ J ) 2 25 T8 25 Co fige A0 1A ) 1) sl ol 2 45
RBUNE T 1) MRP R . BT A K 50 4 1035 DL Al AR
(10YORMIG EHBE FKVER 3 K. iAo ks 3
b

BHE AL B . £ 50 £8P 181 SR 4 M R SPSS
22 VEE A4 R Origin,

1 RHELENKEWES

% W B ] . . % I 5 2/ )
CE-A-F) Bz /C e b Mi7K pH
2017-04-02 9 23 5.12
2017-05-03 18 32 5.25
2017-05-17 19 9 4.68
2017-06-15 20 36 4.88
2017-06-25 25 48 4.23
2017-08-02 26 8 5.01
2017-08-09 25 49 5.91
2017-08-16 26 19 5.82
2017-09-11 25 23 5.01

2 iR 5H0M
2.1 TEHEFRRE DR AR K T

M Ta FTLLAE H .1 YR M 7 2 W Iy A2 b i i K
5 R 2 Wk 2R v B T A Ak v O W | R A B R L A
Wi 2 Tk B 2 0N 67 %6 ~89% . 5% ~22% FiI
6% ~21% ., TEREM AL 5 min A2 47, BT 7K A B
W BEIR 1.6 mg/L, KE /5 IV T [ 7E 45 min 24
T mAWE R 0.13 mg/L, Wk ik B4 b
PG R AL 7R TR TR 20 min RS R
89%, J I /K Fh il R A BB A . Bl A ELIA R
e B4 28 b A B, 7E B TR T R 20 min P BR B R BE
JE TR SRR R TR B 3 R RO RN
B xR LA BT BEMNT, BN

7D i TR B R DD AR R A /D L i DA 3R UK 3
H R T Sy o T A 3 Ao R R

M 1b m] LU . 1 Y s BB R A o A HAE
TR AR G 3R Tk B 1 A8 Ak e, e HE K A ORI
ATl R L i 9 I 2 DT RS L 43 0l 5090 ~ 81 %
TY%~15%F 9% ~39% . 5 H /KB 8 AE , #F H
HEZK v &0 9 W vk BE A W R 2B JS 15 min 35 B 0%
B, 3% 32 2 2 R Ry O RN = 2 & A i R HE K 1 i
oA R AR R B A7 K, S S0 99 T K R R Y B
A TC I A J [ P i R HE K B R
PR b T LR T 0 300 Wl 3R ke R 0 (i ) e FH A2 i i B
B R T HE /K 8 0 T 5 E WA A AR R AR
0, 45 RE s vk B B R BN B B T L X % TR
Je 0 R AR vk BB %) R KR H T KT A HE K 3
BT HE K VA U = 8 R A B B K 5 B K R Y
VR 22 L T ) K R O 2R, T[] B K v
JEAE DA 22 g v ol K 6.5 45

MIE 2a FIEL 2b 7] DL . H KRR B HEK
JE R Wl P BV SR W AE 3 1 e DB MRS BB v A O 2k
DUHR o FH TR 7K RAR R K A e A B8 1) % T ik v 1L 4
R 26 % ~T73% M 21 % ~50% ., I 2a v %0, H
K e R A A B A R T R E R R D R O W L T
45 min 7247 35 B0 (73 %), MR A T LV iR i Y BT
MR LB BE P T B IR RS E AR 4000 A2, e HE
KR B AR B T 4 Bk 5 R T K AR AR R AR R L S O
TR TR R (H I BT (50 20) Hh BRAE 30
min 7247 . H i AR EAE 20 % 2247 AL 9 1 i K A i
1/2, 3 sk — 3042 11 Dt R 32 B8 0, e A 95 7 o T 3F
Arad A v, T 2K A T 2K RIS FHHE 2K 42 37 B o e 4
AR A, X 3 B R pHL B AN T RIS T 7
P PR 45 AT 5 JIURE e A 22 1) B8 A 498 P 3R A ) 38 1 S
BUB™ 100 e HEE 4 s g™ 0 30 T 1R Wl 0 2% 5 b 4, T
THT 7K A2 3 RO JE A% B8 4 1 UK A V1 42 31 A5 I HE
K T A 3 P P 32 KRR A A S R A R A R AR TR
S BUR R BE B 5L AL TRIR D . LEAOR A HTE KRR H
Hek s R R R AR o . i 1 pm 38
FEEFY Bl v AR B R R DT R R 2106~ 7300, &
2 AT I A T A DR T S AR ) T ) AR K AR
YA E ST, K I R R ES. v Bk R
i 320 O ) K A B
2.2 HE/KNTEBHEK R R EAERR K =

ML 3 0] LU . 8 YR T < 114 5 FH T 2K 0 e
HEK AR L b B s Y R DTk . AR 2 Wit AT B
V) VE A R 57, FEI TR 7K R RS FH HE 7K 0 e 8 v o 1



50 KPR 2R R

BT E H KR = BRERE BR 6 H 15
A % W = T 7K ) I A 95 R (0.30 mg/ L)
o TR HE/K (0.12 mg/L) . H TR 7K 200 il s vk
JEEREARAR TG T HE K . A8 30 A0 LU R B EOR IR T
Jit AL VAT P i FES ESF T A 52 RT3 2 ) L i ol
/b, 3 TE 7 AT DA AR I Y LT R TR IR S 2R
BRSPS . SR L A H HE K A2 3 e A 9 220k TR bR
FEI T /K R 8 Tl 28 A1 o A0 B 455 ) 35 IS U8 AR ] Bt K )
AR R S ] R AR B AR I AHEK I )
FE VR H] B K 55 b 3 K 6 e B 22 1 e 38 T A HE K
HH ) LS A W O R ST T v Y RIS e A 2 e i

18
15 (a) HHEK

0

;01.2 o B
§,0.9 —o— WikiE
1 e A
= 0.6

o3

0 20 40 60 80 100 120 140 160 180 200
F% 7§ 3 B/ min

HRBK T RERBER . 6 A 10 HME 3451 6
J1 15 H B T K rfr P i ol e 7 G A i A 1
BOLW R ST . [R5 7 17 H A B ik 0l o L
B b — ORI R 33 A R TR D I R R R A0, X
T - 38 35 J— 5 HO HIE Bl ELREE R AR I A AR s B HE R
3R B R AR R P R LA B T LT 5 H 3 H YR
FRT 588 J3E 5 o 66 I A0 0 ey Tl e B8 ) 2 O A o T e A
RS o F LA 3 T 0 I P ] 2 5 ol o 2% 0L
R i 2R LV T W R L
R UL 2 3 ) B35 XU A0 A AT I 45 B el 0 436 i A
R Ji) B TR AR P A

B1 BHEKSEBHKEERTNDEZDPENABIRE

(a) HTEK
A kB

B A B LG AL/ %

0 100 120 14

160 180

1.8 r
st (b) TR MK
=
. 12 r
o0 —A— BB
Eo9 /3 —o— R
=
& 0.6
g 0.3 A A A
&, - N SO onnn— B &
PR e SRR S Sm— . S—
0 20 40 60 80 100 120 140 160 180 200
F& W 7 B/ min
(b) FEHEHFEK

D AWM 20 R

—
(=
(=]

JBE A B EL L/ %
N
<

7 % C
%

Ll

0 20 40 60 80 100 120 140 160 180
KRB ]/ min

B2 BEWHEEEKESREEHK R E R RRR R =6t

XA B [E]/min
°ngof 0 i 1 01>~
~ ‘N i i 7 |
=20 U] Pl qoaTy
g | 4 e g
£40 | B8 {033
& | —o— HEK %
oo H —o— BEHHA 1024
= |io 2 WEW R
B ko ~__ o 1 0.1%
AN N | m
100 M| 1 1 1 1 1 1 1 0
N o e~ wy N =) o —
T S T 7T o s 3 7
< s w el o0 oo oc (=23
(=] (=] (=] (=] (= < (=4 (=
KN EA-H)

B3 REETEHT B EKSE Bk SRR
2.3 HEEKMEBHRERPREBHREFRSS T
S A B A T D I ) 52 S 9 AL 7S
AT T 7K RUAR P HE 7K A 1 s B K B80T LA o A5 L
A 2 5 W T ) SR R/ I MR B (<25 nm) A7 L
Jo— e CRR ) e 1A 45 5 W T ) i) 240 /8 IO M A

W (25~240 nm) M4 8 F ALY Bk AR BB LR -0
W G R 45 5 Wl T A 1 v AR RS S R Bl (240 ~ 500
nm)3 PNAER . — AN S R R R
WAV 245 LA IO A 468 6l oy 8 4R & i s 1
Y R P AR A B S L 4 R R Ak
s L RS A o T e HLE S R
5 Y T AR AR 4 L AP R AR 2 A 2 i
TR, F 2 N AEE R MRP. & MUP
W 5 COD, pH AR Fe ik Al & TOC
Z IR B R ARG R B, Hoh, B AR LA MRP,
ik MUP W JE S S EAFFEEMEXLR. XS
Heathwaite P BT SR 45 R AW &, %% H R A
SR i - S VR B DL T X B A )t 3 L 5
& B K H B I ok B 5 e R ol ok R EL A A I S I OE



% 6 3

=) R 45 < A T TR 7K 55 1R K AR AL HP B R W8 9L K T R B K ML A 51

M (R =0.86, p<<0.001) . AL 2 T, AR 56 19 A1
KM Eg, BB AE T IR 56 o AR & F R
FE AN ] 2 A i DR 3R S A A K, A0 SR A R [ B SR | 7K R
FH 7 et 13 52 oK AR AR B K D #2805

M 2 WA FE H BARBE IR MRP & MUP
W R 5K TOC, B Fe, K Al 22 8] 47 1 1E M
KIF H 5 A LT AH OC M & T IR Fe F1IE
T AL 1 5 Ul B 4 S A W AR A B AR 285 5 ol
R AT R AR B ) TR AF B ST Regelink
Z030) SR B IE A ICP — MS 3K 40 H1 4% B HE 7K 1 i
PR, TRVRE T 3 A 38 2 B R 5 HE K v 4 e e ik B

A OIE T AH M A E Y R, LW P RS 4
J& B S A AL H A W A e, X R
Shy T B I L A e R L YA A W ok 4% S IS R 4
Wi Ve 2 BB 38 T — AL(Fe) — 1E B R 2k BIV IR A o
S PR BRI R M E BT E A EH %
FRR - 58 0] T e A g 0 B, R 2 i A
A W R RV ING T (N T e e s At B ¢ N
BAGHFZAEAIER BITE. A6 X 244
G Bk HE I AE LATE A BIF 5 b e Bk 2 T 35 n 1= 1
R IV R ALY 1 S v 5 s TS (% 3 g N
TOC R AH S & T A Fe FUBAR Al

*x2 HEKSEHHKDPRKEBSKFELMERKMBXE
i [/ Btk a®s Bk MRP AR MUP s COD pH itk Fe ik Al Bk TOC
o HH i Ak 1 0.972" " 0.952"*  0.665 0.591 0.317 0.544 0.635 0.781"
L =R
i H HEK 1 0.964" " 0.952" " 0.690 0.698 0.597 0.734"  0.350 0.747"
) H i 7k 0.972"" 1 0.854"*  0.562 0.526 0.147 0.527 0.612 0.765"
Bk MRP
& H HEAK 0.964" " 1 0.836"" 0.561 0.584 0.501 0.762°  0.566 0.653
) HH i 7k 0.952" "  0.854"" 1 0.742"  0.625 0.511 0.521 0.612 0.737"
& MUP
& H HE K 0.952" " 0.836"" 1 0.776" 0.767°  0.654 0.636 0.072 0.788"
T FRTE P<C0.05 KFCOUID bW MK * x FRTE P<C0.01 KT COUMD b I 35 1 %
2.4 HTEKINFEHEHE KRR BB AR & sk AR BB X R (R =0.749 3), HWKE, %

LE
NI da FE 4b BT LA i, BT 7K AR AR 7 i
R TTHRTE R 9 Y6 ~44 %6 . e B HE K 9 15 1R 9l 37t 2k ot
RV LA 1090 ~16 %0 1 25 it IR 35 7 45 30 Ay T 7K
550 H HE 2K A2 3t v e A A 2wk /) L i B TR K AE 4
H2HM6H 15 HERR K STER N 14 % A1 9% . 1M
B 378 1) A8 O T RS A O R BTRR R, ik E LR
D] Sy it JIE 154 oy L TR 7K ) 5 R BE S 4 R 9 3R 1D
4 WL FEL )% 17T A 3850 I T KRR T HE 7K e A AR w8 1Y
FELAR AR /0N O AEAE T TG K, £ 50 e 4 w6 & A ik
RAE 8 A IR AR B UKL, B A HE 1/ T DL
TR WAL O 0| N 0 [ - A e e 3 R Y S
P 0 25 S 30 S 3R 0 T, T AE AR 1Y
ST A IE B H S R 5 ATl Ik % DR 2 R DG OG
Z2 3t DA T A R T IS AR A M A B A AL O TR
ARG HHEAK R R I R sk i AR L RO S
FE T 7K — 3850, 2 30 3 R /DN R T K 7 S R A
0 0.53 A8 HHEAKAE 5 R ECh 0.18) L 31X 1l B8 St H T
TKAE A2 Hiy ik P v AR T S R R A U 2 A A 0 T X
AR B35 . 2 R ) B el DL 55
ML 5 AT LA M BT 7K R A B v BE 5 I R
JE Z ) A PR AR, LR e T R 2L R4 0.75,{H
55 T T A (] 8 FHHE A e A Wl 1 ke 2 5 o3 i 2

S F R 3 AN BORE AR Uit 2 19 J5t PR 32 22 7
K0 R ARLAE RN B 5 K R AKORS -
B FT i R AT 0.3 MPa, 1fij 4 18 B 44 8] 19 3
fEten| Sy e 1 — 8 JL - MPa, i K & 1
KILAEEE ET MPa, WK 4T & 01 5 I AR 18] 1) 18
MR ATE— DB R b, I B ) A 2 i
G S Al 43 WO JRL AL, L S5 06 & L e R
T3 1] g % T8 P r 25 5 (< — 100 M), BRIV [ 7
SREEIAF] 150 mm/h, 4 38 G0/ BORE IR R AR AR L
/0N TR U B it A AT DA e ik iﬁﬂﬂﬁ?%%@ﬁ%ﬁ%‘ﬁ?
80 A 8 e AR W ) R M T 0 G R W 1 O R

Rk&wmxKLL/':PFJ)&JLi*j]HH)/L&F@QE/J(}lb TTHK
{EL R 7K oA 1Y) A8 23 A O I A i 1 0 AL ST AT
o T AR R RGP T KT A B 22, JE A T iR
JEE BRI [ T S I A T A A A i P R P K o e
MR X R & R TE A pH T B, 3 1T % A 42
o - S BORE (8] 14 <55 Ja ST I R A I A Tl ) R
2 IR Fe R AL Vi 3 5 I ARl vk 8 1) 1 1] A
KM AT E R LA, HeAh AR A B SO AT BN
2R WAE VA o Z BB ER T pH 4E 34918 N
4.0~5.0, AW DI TAEHCM T RBUX, Q15R 1 i
N PIRETR DN pH 5z A 45 R, JI b, B RO
TR X6 et FH 2 23 = 398 %) o R 80 07 iR 0, A5 ol 5%



52 PRt N

JOEAN 2% BRI IS VR AU 2 TR L2 18 A Ut o

AN

(b) REHEHEAK

3 EBEdS A KikSs L0o
H H HifH H H H HAs
H H HiH B H H HAeo §
g [ 5 g H] B H 5 &
H] :: :: :: :: :: :: :: 4 40 X
H H H:H H H H H B
H H H B H H H HA2
. % o 1 % % ;

L al,

o o e~ vy o™ N O —
(= (= — — < < — —
<+ v “» ©° : o0 o0 o
L= (=] [=] (=] (=] (=]

g 8
R 7 I | (A -H)

B4 AEBEWESETHEKSHEBHK D RSB B 5

(a) HTEK
3 ERES A BikEs 100
H Hid 0 B H HAis
1 BiH H H H Hiel
H d:H H H B H =
E B B 5 [ 5 H 40 H
Higd H H H © )
HiH B 2 % 1{ 20
| 1 %
'
0
o~ o o~ w o N O —
e < - - < < i i
< vy vy o == =] 0 N
[=] [l (=] (=] (=] (= o o
P B (R -H)
0.12
- o MWK o B HEHEK
7,010 | —— HIEK: y=0.0009x+0.0299 R*=0.530 1 o
PUER 7% B HE7K 1 y=0.0017x+0.0086 R'=0.7493 .
goog - o T T o
#0.06 |
§0.04 -
go.oz - a
0 1 1 1 1 1
0 10 20 30 40 50
&M &/ (mm « h™)
B5 AEABEEEGTEREBRESTL
3 45w

(1) AR 7R v L T 7K NG FH HEZK Rl 2 3 2 T =X
DUBURIRE A . AEad 1 o S8R5 AG BRI B A G
JRTTER R 2196 ~T73 %0 , e Z M8 0 1 Al 1) S 2k Bk

(2) [ W J P 7K v s A< 1 1) o ik v Ll 906 ~
4476  Fet FHHEK v AR 2% BTR Y L ol 1096 ~16 %,
&I SR A BT AR DL & 4 )& Ak — A BILTE
FREAA SRy A it v ) FEE A3 1 el B IR AP RS

(3 62 R ARt HE X6 A28 %) BB A Tl D 2K BT K 7 5 i
ANTR) s it A 38 3 5 e - 98 S P SR AR 3k v 1) 2 R B R
O RS A 1) O 2 Tk, 3 R e R R A L H T K R
Fes HHEAK , 2 2R PR R g K b 32 i i A rh A2 R K
3 T o 125 - AR ALK 5 17 A 9 308 o PR AR AR 0 P 1 pHL e
IRl (4 36 2% UK B 52 WA R SRR R HE K R T
FH AT 7K 5 33 32 2 U5 T it JIES R A R 1) b ] 52

Bk

(1] BBEL. @A EH—TE—REREPTABENITE
[Tk 35244 . 2010, 24(5) . 27-30.

[2] Christoff V M, Laetitia S, Fien D, et al. Effect of or-
ganic P forms and P present in inorganic colloids on the
determination of dissolved P in environmental samples
by the diffusive gradient in thin films technique, ion

chromatography, and colorimetry[ J]. Analytical Chem-

(3]

[4]

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

istry,2011,83(13):5317-5323.

1WA N R N U S B N NG N TR )
TRLI1. AR 2% ,2006,18(3) :231-237.

S 2 KM, BICPR A L A5 TR Tt R BT O R L I W A%
PE R A TR] 4 48 5 M 3k 22 AR SR L1 ] K £ AR F5 2
#2,2010,24(3) :13-17.

Moorleghem V. Christoff, Schutter D, et al. The bio-

e

availability of colloidal and dissolved organic phosphorus
to the; alga Pseudokirchneriella subcapitata in relation
to analytical; phosphorus measurements[ J ]. Hydrobio-
logia,2013,709(1) :41-53.
Montavo D, Degryse F, Mclaughlin M J. Natural colloi-
dal P and its contribution to plant P uptake[]J].Environ-
mental Science and Technology.2015,49(6) :3427-3434.
Carpita N, Sabularse D, Montezinos D, et al. Determi-
nation of the pore size of cell walls of living plant cells
[J].Science,1979.205(4411) :1144-1147.
Zemke-White W L, Clements K D, Harris P J. Acid lysis of
macroalgae by marine herbivorous fishes: Effects of acid pH
on cell wall porosity[ J].Journal of Experimental Marine
Biology and Ecology,2000,245(1) :57-68.
Ji S AR BT IR, 45 TP o R S0 N T K R AR B 1
AFIRIHRLT . IR 2241 . 2013, 32(1) - 95- 101,
LiuJ, Liang X Q, Yang ] J, et al. Size distribution and
composition of phosphorus in the East Tiao River,
China: The significant role of colloids [ ] ]. Journal of
Environmental Monitoring,2011,13(10) :2844-2850.
TR B AR L UK TR X 22 R /N B IR AR
R T S FLRRE R AR U R R AR LT SR R L 2, 2018,
39(2):792-799.
Xu CY, YuZ H, Li H. The coupling effects of electric

field and clay mineralogy on clay aggregate stability[ ] ].Jour-
nal of Soils and Sediments,2015,15(5):1159-1168.

W AR AR AR BRI AL SF R A B 3K A A
AER 2 (] ] K R R4, 2013,27(4) : 44-48.



1= P 45 < R I T 7K A5 HE K A O e R i 0

TURR B S LR 53

[15]

[16]

[17]

[18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

Yu C R, Mufioz-Carpena R, Gao B, et al. Effects of i-
onic strength, particle size, flow rate, and vegetation
type on colloid transport through a dense vegetation
saturated soil system: Experiments and modeling[]].
Journal of Hydrology,2013,499.:316-323.

Zhuang ], Goeppert N, Tu C, et al. Colloid transport
with wetting fronts: Interactive effects of solution sur-
face tension and ionic strength [ J]. Water Research,
2010,44(4):1270-1278.

Koopmans G F, Chardon W J, van der Salm C. Dis-
turbance of water-extractable phosphorus determina-
tion by colloidal particles in a heavy clay soil from the
Netherlands [ ] ]. Journal of Environmental Quality,
2005,34(34) :1446-1450.

Zhang M K. Effects of soil properties on phosphorus
subsurface migration in sandy soils [ J]. Pedosphere,
2008,18(5):599-610.

Liang X Q, Jin L, Chen Y X, et al. Effect of pH on
the release of soil colloidal phosphorus[]].Journal of
Soils and Sediments,2010,10(8):1548-1556.

Hens M, Merckx R. The role of colloidal particles in
the speciation and analysis of “dissolved” phosphorus
[J].Water Research,2002,36(6) :1483-1492.

] K PR S AR A R K R K M 0 43 7 T 1 (M) 4 AR
Jemt: i E BB R A L 2002.

SRR M A MR R AR AE RS AR AR 8 VD X B R R
W2 IR L) ] K 2 PR 35572418 . 2010, 24(5) . 63-67.

0 [ A 2R 7 N TR T X AR b R 8 A AR b
W B 5 L) ). K AR FE 2 4, 2011, 25(2) :130-133.
TGRS FRIGEE , 25 b 5, 45 4k FHE 7K 78 2R 8 e — [ B
K — K RO AT R R A LA A 5T [T ] K R 2 3l
2017,48(12) :1410-1418.

Siemens J, Ilg K, Pagel H, et al. Is colloid-facilitated
phosphorus leaching triggered by phosphorus accumu-
lation in sandy soils? []J. Journal of Environmental
Quality,2008,37(6) :2100-2107.

Fonseca C R, Collins B, Westoby M. Shifts in trait-
combinations along rainfall and phosphorus gradients

[J].Journal of Ecology,2010,88(6):964-977.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Missong A. Bol R, Nischwitz V. et al. Phosphorus in
water dispersible-colloids of forest soil profiles [ J].
Plant and Soil,2018,427(1/2) :71-86.

Liang X Q, Jin Y, Yue Z, et al. Release and migration
of colloidal phosphorus from a typical agricultural field
under long-term phosphorus fertilization in southeast-
ern China[ ] ].Journal of Soils and Sediments, 2016, 16
(3):842-853.

Missong A, Holzmann S, Bol R, et al. Leaching of
natural colloids from forest topsoils and their relevance
for phosphorus mobility[ J].Science of the Total Envi-
ronment,2018,634:305-315.

Heathwaite L., Haygarth P, Matthews R, et al. Evalu-
ating colloidal phosphorus delivery to surface waters
from diffuse agricultural sources[]].Journal of Envi-
ronmental Quality,.2005,34(1):287-298.

Regelink I C, Koopmans G F, van der Salm C, et al.
Characterization of colloidal phosphorus species in
drainage waters from a clay soil using asymmetric flow
field-flow fractionation [ ] ]. Journal of Environmental
Quality,2013,42(2) :464-473,

Gerke J. Humic (organic matter)-Al (Fe)-phosphate
complexes: An underestimated phosphate form in soils
and source of plant-available phosphate [ J]. Soil Sci-
ence,2010,175(9) :417-425,

B, BN, B B 2, A5 0 LE A AT L H A A B 0 1 1A
RAR S A HLBR A R W [J 1K b AR 4524 41, 2018, 32(1)
182-189.

A IR AR A SV T B S A X
1 7S ) A8 5 5 08 3l B LT ] K AR RpsE 4, 2017, 37
(3):204-209.

Li S, Li H, XuCY, et al. Particle interaction forces induce
soil particle transport during rainfall[ J].Soil Science Society
of America Journal,2013,77(5) :1563-1571.

2 B ST HIBE L XRS5 4519922012 4F Wi VLA R I
AR AR B B 43 A L) 0. o I 36 58 0, 2017, 33(6)
55-62.

WRIGE G 2l s 6 3R A A5 A [R) A T 3 T 48 68 - BE S Ot
R IR IR AR )oK AR Fr2E 4R, 2012,26(6) : 1-6.



