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AANBERENLR, SR — BN, HiEERRkEE
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KE, BEBKRIBN I ERRABER
W LA R (K. Bk TER
AN T AN UORL B, TS M B AL TS R BR R D
(MRP) f1 o] /5 £ HLB% (DOP) . B K U RIE & 1F
BHHITBHH AL, TR e T -9 R 1E
Y, B KT BHEBRMELSMAE, — 0
HIE B 2K LA SH BR £ R 0% B (MRP) g £14-0, 53—
eI AR I, LA BURLAS (PP) 2 3127100 o 45 L AT i 1
A HLBE(DOP) b E M HGE, N A FEBRBEAY 548 2
LI it ( Upland ) + B FF 38 25 - U121 Jordan 25308
W55 R 2 45% MRP, 40% PP #1 15% (9 DOP, i
AREBMESHALM YW TR, B, TRk E
MERES M ERMANRMBE TR BERFOBEY
HWHEEEE,

*'Jfﬂiﬁ&%iiﬁ’]ﬂﬁ"tﬁﬁﬂHE*Jrﬁ;’ﬁiﬁEﬁFﬂb’
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1.1 REFERIHRESSH

A TERE A _E B9 T8 1 0 AR L 46 BT I B A
BER AR , V4% 808 (Olsen-P) YR ¥ B 1 2 ~
278 mg kg ' Z I L IR/DIX (BREE ), T 2003 4 7
RA/NEWRSG K H 12 10 cm, & 30 em B PVC B (N
BERE—-EEA) MesH B TR DLMITA L
H120 em, REFIR M 32 4~ S PVCHE
FERE EHTR EIT—HER R 0.8 em #/ 1L,
AR B R HE K B F /4L, 78 HEK & sk hn—
JEM% (200 B e fefi, £ L2 2.0 mol L'
MRS FRENRKDN L ~2 om WHDE
oADK S REME LN —-ERENRE L.
THEREE +H A6 em2s (8] 0] {4 2 8% (0 &
1).

BUFCKR M6 R B %/ DX 2K 2.5 em
AL 5EH 0~ 20 em +FE 15 85,1 &8 57, 47 A1 52 B
W, FLHFELERE YRS GRS 5, B,
it 0.5 mm 7 .

+ S BB (Olsen-P) A Olsen 3%,
BUME, TR LIRNT it

ik 3N
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Fig. 1 Sketch map of the column with intact soil core

MK ES A ELEEEAN 12 km, +
EHEB X HL TR, HbZz—1HTF 1990 4,
AMELRAOW L, KB AERNHE L ENEAR

R A BEYLE 10,92 g kg™', £ & (N) 0.832
gkg™ !, 2B (P) 0.607 g kg™ ', H X B (P) 9.57

mg kg™ ', pH 8.62, L B B 49.63%, H 18] £ Kk &
21.12% . H—4RF 1980 4, Himk+ B Bk £,
ERFHEAHZE L EFVREE 1.8l gkg™ ' 2R
(N)0.806 g kg™ ' . &8 (P)0.787 g kg™ ' . H &k BE(P)
pH 8.60, 1% WL H: {1 4R & L1516

1.2 BRBARERST

BB TRTE, M 200.0 ml Z48KIBHE, K
BE2d,MHARH KB HMAFKE, ATHEN4d
PESLEE KM Y TF 12.74 mm M B 08 /K (100
m),4 dWERER L KGES RBFEICRER14M
K1IR00 ml), 4 dlE1TREBR;LERANE
3dfmAK 1K,6d YU L IRIERE S 60 K&K, 3
WASE SRR 13 1K, BIEWR A 250ml KR U, A B
IR A VLB KR, £ H P MAERER 0.32ml,
HRBER pH KT 11, WEIMERTERK
# 0 E E R G Y R T 4 CU .

B—ER M 0.45 pm BCFLUE B UE G IR,
FASMEEEAANO EABS R, IEERN
S B2 L I%. B B (Molybdate reactive phosphorus, 3] 5 4
MRP) , — & £ A BB s B — & AR UB R , R oot
A9 Brookes %E‘Jf%[m, Bl:mmASWeas &R
(70% ~72%)2 ml #1 0.25 ml I FEEB R, B iR
HALZEIE T, 0.6 mol L' WL L Sml NAEMR , R
JE FAHSRBLIL B 657 B, 45 R 2 8% (Total phospho-
rus, TP) ; JEWR 23 0.45 pm FLIER S 38)S , RA S
LB E R R TE AL E , TR 5 R ml a2
( Total dissolved phosphorus, TDP) ; 0] i £ & B 5 sH R

15 mg kg ™!

N % /) 22 (8 O AT 15 1 B DL ( Dissolved organic
phosphorus,DOP) SRS AT 2 B 2 O Bk
B (Particulate phosphorus, PP) ,

2 AREGH

2.1 BRBPEESHNRESHER
2.1.1 BEBRPBEHESMKE LY
B, BURMEBERETEBERSESHMLBENT
TRERAR A, 13 WK b I8 2 U VR P S BR Eh I B B L AT 9
PR AT IE A LB BRI T R S 3R
0.01 ~2.67.0.03 ~3.57.0~0.92,0~2.80 mg L',
R FHTE A 0.05~3.95mg L', ENMEERE
¥E 45354 0.70,0.80.0.10.0.20 mg L', &8 K
090mg L™'. iEABESH S, UATBEUHE
Z R EREK,AEFIIIERERN0.80 mg L',
REEN 4, AEERS, ARERNBETY
KERTUREAEIE MENEEN T 5.

HERDERALLERE R E B, B W8 56 e 8]
FESE, SHER R KN WA 3 B R B, 258 TR BURE
JRED 20 d J5 s TR E . TR AT RE 2 /K 1 Y iE
BEAGSHE BELYHER, FREEEWHRER
BRI EE R o AT A DL Bl o UM o U 9 A o e fi] AR
e, FERNERP A LEMIE SR TENE
FEHLBEFBR BN & R B, £ KR ENER D
BAAAE A, (15 T R A R R RN B
/IME A 0.01 mg L~ o Et RN, B B R AR A
433 b REE L3 Olsen-P FIK BB & BAEH K
BT , L aH RN orukEKR FHB.
2.1.2 BEERTEESHENHH KT HEIERE
B T ERANTERES . R 25 d 7&K
W RBN AR S S HE SR LE . K&
P UUE S, FRKIEFEGP TSN EE
B K, SR EL I N8 P A B VT IR PR
FBURIBE (& 2 B /Y L F R B R 21.8% ~
99.6% .19.8% ~ 100.0% .0.0% ~ 61.0% .0.0% ~
9.1%. PHERBEWERA L, BERENES
AR s rERE £, 5 82.5% , BREEMN &L 18% &
fio TERIEMBE D, N LUHBER R N R 1, 5 Tk
KREWEN 77 1%, TEHENHR 52 ERLH
B 13.8% .

SO B BB AR h I BETE AN [R R AR
AHER LSS, Turtola Fl Jaakkola ' BF9T T 3% 2
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PGS AN B BB K, BB T K& 5 Bk G
SR, AR E XK BRLRE S 20H 69% &
# bR 35% . Beauchemin & BL#H i 2 W 50% 9 %%
EESPFRBEN R T, 4 #RAERK L
FA 10 DEK L FRBERE EEFRBKE . Brooks
% 7 5% = % R 1% 5 56 (Rothamsted ) /) Broadbalk X %
oYK+ - AR ST R B, 4B R h R ST B R R K

R1 BRAVERSHNRE

Table 1 Concentrations of different forms of phosphorus in leachate(mg 1 '

i

9 FER AL A B AL E ASHEHE, P 40 kg hin ™7 AY BEAE
1P 17 ~ 35 kg hm A5 BERR 5 . 7E HE K P SHER £E I
RIS SRR B IE R 66% ~ 86% '
WAl R M M e RN S0% 5
70% 'S}, FEFR, HEK 1 PO,-P Y 2 B9 V- 1 L )
K349 20 X FBE KL TE A AT AT RE S LR
H | A0 % TR 9 B A K

42

&

Stamm % k&

S8R £ I 1T 7 A B A L

Molyhdate Total Dissolved L Ea

FHKK reactive dissolver organiv Particulate Total
Times phosphorus phosphorus phosphorus phosphorus phosphorus

1 0.01~1.29 0.03~ 1.4 0.01-~0.16 003-006 0.05-138
2 0.05~1.50 0.12~1 40 0.00~0.10 003~160 015-3.00
3 0.17 ~1.41 0.17~1 33 0.01~0.42 0 04-~0.86 0.42~3 93
4 0.15~1.59 0.20~1 67 0.00~0.78 0 00-~0.37 0.42~1.83
5 0.27~1.47 0.30~1.66 0.06 ~0.24 00l~0 21 0.34~1.62
6 0.23~2.39 0.38~2 6l 0 06~0.24 002~0.19 0.36~2 75
7 0.32~2.30 0.50~2 70 0.01~0 4 0 07-~0.53 0.42-2 60
8 0.37~2.65 0.44 ~3.57 0.10~0.92 0 03-0.38 0 69 ~3.95
9 0.26~2.16 0.32~2.9 0.01~0 81 002-0 11 033-2.49
10 0.42~2.54 0.42~2.91 0 00~0.36 000~0 47 031~3 38
1 0.41~2.67 0.48 ~2 97 0.03 -0 31 0 00-~0 89 0.48 - 3.86
12 0.58 ~ 2.54 0.58 ~3.15 0 03 -~0.61 002-012 0.61 ~3 28
13 0.51 ~2.54 0.57~3.15 0.03~0.61 003-~2.80 0.56~2 82
®2 PRBEPEERIBAOLE
Table 2 Proportions of different forms of Phosphorus in TP of leachate( % )
B I Times MRP/TP TDP/ TP DOP/ TP PP/ TP
1 21.80~93.10 34.70 ~ 92.90 0~31 60 - 0-~69 40 o

2 49.90 ~ 85.00 46.80 ~ 93.90 0~ 61 60 6 90~ 53 20

3 24.60 ~ 54.90 19.80 ~ 55.20 110-22 90 0~90 00

4 36.20 ~ 93.20 42.00 ~ 95.10 0-~51 10 0~49 50

5 71.30~90.90 85.90 ~ 100.00 7 80~27 20 0~ 28 50

6 74,30 ~ 88.20 77.90 ~ 95.00 9.40 ~ 25 30 2.60~23 10

7 71.70 ~99.00 77.20 ~ 100.00 L.60~ 21 0 ~al 40

8 54.00 ~ 94 10 63 40 ~ 90.40 14,40~ 23 6 3.50~ 26 50

9 78.30 ~ 99.60 83.80 ~ 100,00 0-~59 70 0~ 11 60

10 75.30 ~ 96.30 85.80 ~ 98.40 0~ 17.60 1.60~ 14 20

1l 69.00 ~ 94.10 76.90 ~ 100.00 3.00 ~ 34 90 0~23 10

12 71.90 ~ 99.20 88 10~97.90 4 60 ~ 54 30 0~1190

13 78 90 ~ 97.40 83.40 ~ 95.70 4 10~33 20 0~99 10

MRP: 88k J2 7 8% Molybdate reactive phosphorus; TP: 4= 8% Total phosphorus; TDP: ] #§ ¥ 2 8§ Total dissolved phosphorus; DOP: A 7 ¥E 4 BL#E

Dissolved organic phosphorus; PP: % B% Particulate phosphorus
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AANANBHE WP B3, ¥ L UANE
BB EURTRAEYRE HRSFR5RE, £
BRHANED, EARR T8 A Y8 FIBH
BHESWH L B R P AT 329% . B H PR #EH
Wx, SHEE TR EDRENE, A MR E
BEZHEFI T HROEHEREN, RLRERELE
B, LAFUORL B SR K 9 BR R AR /), {E7E H fu) 2% 1
T BB X2 4 A w47 o5 (6 4 48 9
B R SRR &5 0T LU R B R R B A
B3
2.1.3 BBEBRFPELEBRNKREE  RIBTH
AR MK B2 em LT BRI KRB,
RPHEN 60 d WARER, B EHEMAKER

BRAEYT 35672 mm, AN EEBENERER
Y 35.6% (FHER S K, EBREH 60 n’, FTE %
550 mm HE) . HEBRAMERE R T
Has TEEANE PRk R B RSN
0.150 ~ 722.2.38 ~ 109 x 10.0.00 ~ 739 F10.00 ~ 576
g hm % WK BB R A4 0.220 ~ 108 x 10 g hm ™%,
HBE TN B ISR B R VLR R B
WRBEARFELMESH N 188.204.41.7.46.9 ¢
hm ™%, W R 2B T HME A 233 g hm (LI FTAE L
), WABTRAWERRT B IBBBHIRE S, &
F-TEHEREEZZEBRERARAAEE, T =K
BHRERRB(CVE T 30%, UG ERE 5% ~
22% 2Z V],

RI BREAPERSHOKLR

Table 3 Amount of different forms of phosphorus in leachate( g hm™*)

FH AR L IV 8% AT 28 A A LB
Molybdate Total Dissolved Bk RS 28
FRE B reactive dissolved organic Particulate Total
Times phosphorus phosphorus phosphorus phosphorus phosphorus
1 0.400 ~ 492 2.94 ~ 551 0.00~85.9 0.00 ~ 144 2.16 ~ 528
2 2.12 ~ 540 3.51~ 109 % 10 1.38 ~63.4 2.56 ~ 576 6.64 ~ 108 x 10
3 1.45~326 2.97 ~ 667 0.670 ~ 637 0.00 ~ 232 31.2~516
4 0.680 ~ 442 7.34 ~ 465 7.86 ~ 168 4 23~259 56.4 ~ 593
5 4.53 ~ 386 9.43 ~ 417 0.520 ~ 88.7 0.690 ~ 83.6 10.1 ~478
6 112 ~540 2.38 ~ 589 0.860 ~ 77.7 0.500~76.5 4.41 ~ 620
7 0.830 ~ 580 15.4 ~ 608 2.07 ~ 100 0.620 ~ 135 5.94 ~ 656
8 70.4 ~ 722 73.1 ~ 844 1.62~199 0.990 ~ 89.6 81.6~ 921
9 45.7 ~ 513 53.8 ~ 705 0.530 ~ 739 0.780~92.8 59.3 ~ 593
10 73.6 ~ 532 71 1~607 0.200 ~79.8 1.09 ~98.2 73 ~ 706
11 0 150 ~ 578 22.5~644 .44 ~ 106 1.18~194 10.4 ~ 837
12 16.7 ~ 494 17.6 ~ 613 0.940 ~ 204 0.00 ~88.0 0.22 ~ 638
13 17.1~ 495 49.4 ~ 613 0.880 ~ 119 3.90~53.2 42.36 ~ 638

2.2 BRAPEEEBS L] Olsen-P X R

RANBEKABAFTESBEKE 5 13 Olsen-
PEBMXRANRERE(R), HAFSTERL
HHESEEREMHRALEAFRERERN /NN, HHTER
RAEB TR BE , HHRLENENEENBER
ORI S B M IR E X BHE Olsen-P ¥ T ¥ 3,
RS, MR HENEEEF (LR L, —&F
HZEBIEE™ 4 TER, BB T AR Olsen-P WS
)

HEFTLUE AR RN, TRES% .
AIEHAILEE 20 PR S LA Z Olsen-P &

B R E R BEE 53R 0.839 ~ 0.980,0.730 ~
0.981.0.053 ~ 0.952.0.763 ~ 0.986.0.007 ~ 0.994,
IR BP Olsen-P B LJ 15 BH 40 BR &b )2 K7 8% ) 83% ~
98% I EPELBER 3% ~ 98% AT IS HA VLBEN
5.3% ~95.2% BRI 76.3% ~ 98.6% FIBURLBE B
0.7% ~99.4% . Wk @ MRP TDP # TP(BR5E —1K)
H5#Z + 15 Olsen-P S BHNIREFTHE, HRER
Olsen-P & SR I N TN F+ &5 . W] W A ML Bk 71 BORL
BE5 T HEERZ Olsen-P S REZHWMAEFHPHX
PEE R 2 ANE LBt MG R AP AR 26, Bl an T s R
PLBSZESS 7~ 10 IR PURBEZESS 2.3.10 .11 .13 R
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EHEFREAYE L 0.9, HR A LEAEHIMN
AR

FERIME . R4PENESHENHRKE LY
- R KB BRRREREES . US L RkER
2 %1, MRP. TDP A #% B % # 3¢, TP b 2 %, DOP
BEW.N 4% ,PPAEE, BHEHESR TATAER

B Bt B & F Olsen-P &8 4 150 ~ 270 mg kg_lm—[ﬁ
PR e, SRR B R R T RAAIER
HELERAT —FEER. ABRIEXEEIEFHE
H. B8N EEEN— DS RRF 55 R
X)L 13 YO B SE 56 I g5 R, R o B S X
YRR Olsen-P Wk HE PR, BR324 3R LI 2.

T4 BRAPSESHARESLTRHE Olsen-P ZRARERB(R .n=9)

Table 4 Determination coefficients of different forms of phosphorus in leachate and Olsen-P contents of soil plough layers

B L R B DF3ct WA DB
Molybdate Total Dissolved T R B
FH K reaclive dissolved organic Total Particulate
Times phosphorus phosphorus phosphorus phosphorus phosphorus
1 0839"" 0.909" " 0.701 0 763" 0.131
2 0.949" " 0.904" "~ 0 198 0 986" " 0.991° °
3 0919" " 0.838" " 0.223 09757 0 919" "
4 0.889" © 0.881"° 0.086 0.85" ° 0.066
5 0.814"" 0.730° 0.053 0 887" " 0.007
6 0.9427 " 0.9327° 0.363 0929 " 0.064
7 0.966" ° 0.980" " 0.929° ° (9537 ° 0 257
8 0 948" 7 0.950" ° 0.952" " 09527 0 540
9 0.909" ~ 0.969" " 0.939" " 0 939 0 643
10 0.979"° 0.981" " 0.903" 7 0976 " 0 951"
I! 0.973°° 0.972° 7 0.536 U 985" ° 0994" "
12 0.920°° 0.923"° 0.408 094177 0 328
13 0.980" " 0.943°° 0.519" 0 968 ° 0.988" °
*p< 005, % % p< 0 0I(SPSS 11.0)
25 y=0.0047x+0.3537 30, y=0.0053x+0.3747
20 R=05363e . _ 25 R=0s2 .
w15 520
£ o
10 gl
= s 10
=05 = 05
00 . 0.0 . : R
0 100 200 300 o 100 200 300
Olsen-P¢mg kg™") Otlsen-P(mg kg ')
30 Rzg-ggﬂx*ﬂ-‘w% 05T 4=0.0009:+0.0757
25 : 04 2.
_ ~ 041 R=03884 .
20 <03
gls E 02
= 1.0 8
= 05 8 01
0.0 — S 00% -
0 100 200 300 100 200 300

Olsen-P(mg kg™")

Olsen-P(mg kg™')

M2 BRERBERSEESHBEFYES LIEHIR Olsen-P FHRHH KA

Fig. 2 Relationship between mean concentration of different forms of phosphorus 10 leachate and

O1isen-P content of soil plough layers in 13 leaching events( average) (n=30;R(0 01) =0 456, Xf

R R* =0.2079;R(0.05) = 0.355, % Jii R* = 0.1260)
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ME2 AT LLE S, HER L R BB (B 2a) AT &
Y4B (B 2b) 28 (B 20) AT A A LR (& 24)
5 8t/2 Olsen-P 44k 1B 3 # 56 (PP B4 M 64, K
Bld) . BB Olsen-P 2% 278 mg kg™ A9 B AF, LA E S
F3 451 K : MRP = 0.0034 Olsen-P + 0.4125 (R? =
0.2844), TDP = 0.0035 Olsen-P + 0.4559 (R? =
0.2494), DOP = 0.0006 Olsen-P + 0.0853 (R? =
0.1795), TP = 0.0035 Olsen-P + 0.5084 (R? =
0.2896) ,DOP B E M X, K Ak B EH K., W
¥ Olsen-P 4 146 mg kg " 'BFHY S (1 2 B4 )
WAE N R EEHEE, U MRP {55 1% 2 %, TOP # TP
BEAMX,DOP WA M XK., BELA KB B R b Bk
B 5 1 5 Olsen-P 48 2 4 [ B tho 4iF B #% + B B0 Ik
KBRS+ BEHKEREEEHE X,

3 4 ©

M 13 KBRS RS, T BRI T4

1) Tt IEE 2 13 FEATER LML & el
LA BE B 8% B K

2) PRI BN EER S A AR,
MK EREN 82.5%, MABE S 17.9%; EA A
MR, UEHBRER NN E, L E2BEN
T7.1%, TEHEAEIBER 5290 13.8%;

3) WRE) 20em LA MBS IR B & T LB 3.95
mg L™ (&8 TP), Al H 28k 3.57 mg L™ 7R
it 60 K, A8 24 F 357mm( £y g 3 K ° B FIY 36 %)
RIVEMR AT, BRI R BB B AT 1082 g hm ™2

4) WK B BREL R N B AT IA 2B R S Bk
E5+3#Z Olsen-P B F IEAX, ROPAE LB K
HEEBOK PG EERA X,

2 % x w
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FORMS OF PHOSPHORUS LEACHING IN LOESSIAL SOIL

Yang Xueyun Gu Qiaozhen Ma Lujun Sun Benhua Li Shengxiu
( College of Resource and Environment . Northwest Sci-Tech. Unv  of Agn. and Fores. . Yangling . Shaana 712100, Chinu)

Abstract Based on the soil phosphorus gradient obtained from two long-term stationarv fertilizer experiments on loessial
soil, an intact soil cores (20 cm in depth) experiment was conducted to study forms ol phosphorus in leachate. The results show
that phosphorus leached from loessial soil mainly in dissolved form ( TDP) ., which accounted for 82.5 percent of the total P ( TP)
in the leachate, and particulate phosphorus (PP) for only 17.9% . Molybdate reactive phosphorus ( MRP) , being a chief compo-
nent of the dissolved phosphorus, constituted on average 77.1% of the total P in the leachate, whilst dissolved organic phosphorus
(DOP) did 13.8% . The maximum TP concentration of the leachate reached to 3.95 mg L™' and TDP 3.57 mg L™ ", during the
60-day experiment with a sum irrigation rate of 357 mm in total , approximately equal to 36 % of the total annual precipitation and
irrigation. The maximum phosphorus loss by leaching was observed reaching to 1082 g hm™>. The results also indicated that
MRP, TDP and TP concentrations of the leachate were significantly correlated with Olsen-P content of the plough layers.

Key words Intact soil core; Total dissolved phosphorus; Molybdate reactive phosphorus; Particulate phosphorus; Olsen-

P; Phosphorus leaching



