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AL RO LA 58 2386 F 6, 8 8 23 A A (7]
Tt FES 2 4T 3 i P 2K A 0 A SRR AL, R
A8 71 A [7) 7 AT S 71 HE R 26 B 55 e 3R 3 0 A% 1)
AR S 2, 45 BEVF i A4 TH A 285 28 40 v it I 17 o
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1.1 I siRn

I AR R B DL P A AR S g i, i
AT VBT ARG 35 km (E 123°24" N 41°317)  $pdk T
T ATSF R T T IR IR 2 Y R 2 KU A, DU 2
S AR R B R R A TRIEV AR IR R
7 ~8 °C,=10 CIHEFNEH 3 300 ~3 400 C ,4EFETH
0 650 ~700 mm, TLFE ] Ky 147 ~ 164 d, fitisd + 4%
N R AT E RO AL 19.7 g kg 2R
1.0gkg ', &W0.47 g kg™, &4 17.4 g kg™, K
5 10. 1 mg kg ™', WAHF 101. 4 mg kg ™' ,pH 6.4,
1.2 K@igit

I 45 T 2002 4F 4345 A [F] H & ZIE 8 AT
AL 3 AR BHAL TR BCE 215 2, B4l 5
Mz v AL o R 3 AN IS K, AR 3 IR,
B 27 AKX ETBUN 108 m?, 44 /8 X SR B
KE-FR-FREETX D ATRERGEK,
WU AL 58 R ANl FE AR, K SRR 3 &UIE 25 ke
hm =% B A0 IE [A] 5 oK — 30, A LR IR 56 G 1k B 7
o, LA A BHFAERL FH R DL L, BEORE R 43 0 A PR
2, E RS MBI B, A ALIE N B IE (M)
Jiti FH 43 590 4 B4 10 ¢ hm ™* (M1) 25 ¢ hm ™* (M2)
S0 thm > (M3) , A HLIE R 4F & K B M 3R 2 & 2
BIARTE 3221 thgds oy 10 42 1ME

*1 KEECKBMNIERS
Table 1  Application rates of fertilizers in the

long-term experiment (kg hm ™)

ey it NE Wit it JE £
Treatment Rate of fertilizer Treatment Rate of fertilizer
N P K N P K
CK 0 0 0 P2 150 50 60
N1 100 50 60 P3 150 100 60
N2 150 50 60 M1 75 64.9 76.6
N3 250 50 60 M2 187.5162.2 191.4
P1 150 25 60 M3 375 324.3 382.8

1.3 HEmXESNE
2011 4F 10 H R4 HHEFEA, DL S RIE & /N IX

W FEAILIEHL S A 83,y 1 SR i BR AN , SRAE I 3 )
F N EPZECRFE S A AR, 3 0 ~
20.20 ~40 .40 ~ 60 Fi1 60 ~80 cm, #5hE& H KM
T, EBRARR AR, 2 mm G H . BARBORES,
A /IN DX A W BT 1 2R B K S RS AT AL Al JF PR R

- 48 53 AL W R 0.5 mol L™' NaHCO, (pH =
8.5) B4 FHBA BT L A 5 + 3 2 Wk ] Na, CO,
W Th-SBE P L I o VR R S R RS AT DY B
R H,80, - H,0, 14 ARBarkmE " .
1.4 HESKITEHH

YEVIWER TS I 5 = b S0 N 3R Wk B x bF 52 ™
i+ NIRRT x F A &

v Fl Microsoft Excel 2003 X} 35 1 47 ¥ 3 | Ori-
gin 8.0 B4 &, R HI SAS 9. 1 F 1T B 4 it , 2
H SR H SAS %) Duncan 2,

2 45 R

2.1 AEMEBLETHESBHKZER

M 2 KA FRAE B R SR W LLE A
[Fi) it JIT R0 0 Wi s B 10 4 [R] - Sl R W SO [
XPRROA Ol T R OA W IE ROA, B R T
13.8 kg hm ™7, Hofh bt i 4k T B AT 280 A, (H 2 A BT
KR, 4% e /D 2 PLOAL B RE AR AL B AR
2.3 kg hmfz,IE%ff%fiﬂﬁgﬁﬂkgﬁﬁ%ﬁ:T,%ﬁz
Jiti FH 25 kg hm Bl HE AT 6 A {4 B 25 A0 SO 47
R0 £ it P Ak S B IE O oK 0 35 4 s AR 0 AR
B EAEE A, BR T M3 R M2 4b 5k,
FrA IS A BAE Y BB I BRI A B
P25 EY = B CK il M1 A, &AL A B
FEE2E S, UL AR T OO R M X W R AR R
FEL, B IS i FH 8o 25 kg hm ™7 B 6 AR T L3 VR 4
XPE 28 ) 5 oK o KR it FH w8 A A AL IE [ 4R T
THBEE B R R S B R IE K H
I v W A R R T R R A S MR ) TE AT
TG I 45 K RSk Joih W 7 3 N 9% 2 A HE IR R AR
HEYKER N EZ —
2.2 AEMEEAETHERPYER
2.2.1 +ELHNEH r 1 AL X AR
I L3 A [ il 6t Ak R 3R 2 R A il i
TR FEEE T, FEEH T HG#E 2, HIEY
A W LTE W P 25 R S X T IR O
55, P12 P3 2 it 2 HUIGNA AS #, 10 45 R
A CK A3 22% ~ 95% , Bk B 25 kg hm ~°
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(PL) (il B 15 RS BE A% 1l J& 1 90 1 5 5K, 3 RE AR FF
T (SARMELZER AR E) AR
AL KLU BEA B T R R W &, B 0] DI
il ) 3 BT RS AR P I BT i T A AL IR, T
A B 8 %, + 4 4 A0 0 B 5 O it JES o
TG e, Ab B E] 2% R, M1 M2 FT M3 5300
XF R (Y 1,58 7% 2. 58 5 A1 4. 18 %, 4 itk v 1) 4 W
TR TGRS R TR s R T
AR T REME . N I, 0 25 X L A7 5E B W, 5
R R A ol R 1 A S B
£2 FAEMGMAETEREEHKY

Table 1 Annual budget of soil P in different fertilization

treatments (kg hm ™)

et T AR A PR

Treatment Yield Input Output Budget of P
CK 4459¢ 0.0 13.8d -13.8
NI 7183a 50.0 25. 3¢ 24.7
N2 7149a 50.0 25.4c 24.7
N3 7206a 50.0 24. 4c 25.6
P1 7132a 25.0 22.7¢ 2.3
P2 7265a 50.0 24. 4c 25.6
P3 7130a 100. 0 27.2be 72.8
Ml 6274b 64.9 25. lc 39.8
M2 7304a 162.2 29.6b 132.6
M3 7728a 324.3 34.0a 290. 3

T ) — 31t OR [] 5% 51 3 7R 22 57 3K 8] 1. % 7K °F (p < 0. 05) Note:
Different letters affixed to the data in the same column mean significant

difference at p <0. 05
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R ALPE Treatment

BT A [R]ft AE Ab B R 322 £ Ak
Fig.1 Content of total P in the surface soil

(0 ~20cm) as affected by fertilization

2,22 HHEHEMBESMEAB TEZEMN KR
- S R O A R U S DA O (]

2) , A FH B Wi 52 AR o AT R I R RO R 3R - 4
BEERE 155 , 1 2 v e ) Z 5 st s AR
T MR, ER A AT R - R )
F R A LB AR 7 35, {03 0 T B 9 R
W o 3 Ak R S e AR Ak B (AR i S AR IR
2z 22) 5 10 4 [u) + 58 3l 05 32 2 4 S AOME DG 43
B Crl 7 008 32 56 v w8 T it FH 2 AH (8], 0 43 A oK
AN 3 bR ), 45 R K B A Z A A7 TR
Mot 2 B AR OC R, M OC R BN 0.94 « x (p =
0.001), FHEIH 7 BAMETHE B, B & 1 mg
kg ™" B A A 14.3 kg hm T R Z IR,
MR T 1 mg kg B RIUR % Rk AR T 14,3
kg hm ™, M7 AR K -5 F (0 ~20 em FE N
113 g em ™), R HEH AW E AR &L 1 mg kg™ A9 AR
Ak, 35 IR 2 O P B AT B T 2. 26 kg hm 77 Lk
FW T HER B 4y 14.3 kg hm 3 A 2.26 kg hm *
PR E O B 15. 8% 24 4% i i A RO I

250

200 F y=0.070 1x+8.538 9
R*=0.89"

150 | u

|
é‘ 34 A5 4k Changes of Olsen-P (mg kg™)
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Fig.2 Relationship between variation of Olsen-P

in the surface soil and P budget

2.3 7[E) e B 4b BB X £ 45 ) Y 3 SR 4 AR B B2
B (Olsen-P) S 374 1+ LB Ak J1 19
FEIERR . AT b 4% Ak BB R Y
SLAE AL T LM R X O 28 AR L3 A, (X T
R I gk e, G o ) R IR
2,301 RN X A Bl ) R 43 A R B X T A
AR, T 3 AN Ak B A B 52 A ) (R
48 L G L P 2 S BRI, S R R sk
W R IC R E 2SS (K 3A) (03 5 3% T X,
Horfr 0 ~20 em A NI Ab PR 5 (33. 1 mg kg™') (N3
Ab BB (29. 7 mg kg ™') o AR K ML AL Y
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LR, 10 45 7R 7] it 260 b 21 ER i3 6, R ) R
I i3 S JEE X Al 7 A S S (LN NT ) N3 b
O 20 R 38 B A 32 0 B B H T Rg R T )
I ERE I, 2 R R A F B M, X 5%
i 2725 AR (] 3 5G: B BIF 2T 45 R AR AL, 7E R — i

# (P,0, 90 kg hm™*) /K % T, Ffi ifi & & M
45 kg hm ~* 135 kg hm "> % 180 kg hm 7, & J2 #H 5L
P i 5 038 e ) AR Ak ks e, R TR Y 2 it I
45 kg hm > kb L 0B 35 %5 T AUME 180 kg hm
AbH

TS & Olsen-P (ng kg™)
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K3 R RE AL T £ Olsen-P ) T 43 A

Fig.3 Distribution of Olsen-P in soil profile as affected by fertilization

2.3.2 W A KT R AR ) T AR iR
W F, 4 L2l B 28 P <P2 <P3,
FAHO ~20 em L EHFBHESEZE T R E (A
3B),4b B P3 P2 Pl Fl CK 3 % % & & 2 %l K
90.8.35.1.10.5 Fl12.4 mg kg ™", Bt J2& it s 5 /0 1)
P1 AbBE SR AOBE & S CK 19 4.5 f5. 78 20 ~ 40
em +EK AR A B E 27,40 ~60 cm + )2 P3
AbFE R E S T H AL T 60 ~80 cm £ )2 P3 I F
A AN B, P2 3 S T PL ORI CK, )2k PL
P2 Fi P3 A4b B AL W S E 4 B oA 7.93.8.70 A
11.93mg kg ™' o A4 2 J2 A IS 7 2% & | A 2011
AEWOIR S5 - 18 SR B, AE T A0 O e o 25
kg hm ™% R AUAT LAl VR 4 A 7 38 AT L 4 4 4
S 20 -7, T SR P R K 5 50 kg hm 77, +
ERER AW FIEB K. B4 ,0 ~20 em F1 60 ~
80 cm - 24 Ab PH AL BE B i 25 S W, R 4
BERAEAE T H TR . W 220w I A0 2 X P AR 4L
AN AVEIAR 2 50 A AN [6) i S 20, o A W o 3R
W, it i A AT £ HE AR R R AL, B IR )= - AR Y
AR SR i

B A HH W S ,0 ~20 em %5 T HAh +
2,60 ~80 cm i & T 40 ~60 cm Fil 20 ~40 cm,
£ 20 ~40 em + 2N AUS LI A BEWE R,
[IEERERS €7 el R N RS e s =y & 7 =8
T R 9 3 18] 43 A A R, R RS AR AT AL
Jo i FE D W S 2 R IR R
2.3.3 A HLUIE XS T R w5 T o AR R e L
JIE 3 565 T Al e 45 2 I LA M3 Ab B i (/1 3C)
0 ~20 em - 245 4b B 8% & & 25 5 3520 ~ 40
em 140 ~60 em +JZ N M3 4b R 3 & F A b
ML A1 M2 5 %5 F CK;60 ~80 em + 2 M1 M2
MM3 A BEEES HYEEST CK, BRE
ML AE X 8 50 11 52 o) ot )2 o R W 8 55 . {H G
WAEWE— 2 U, i A0 Ab B e il S R B E ST
CK, UtHHA ML EH C S 8B R m Fik .

5 A 6 286 0L, A7 HL A 3k 6 3k 0l ) T 40 A
R LR, PR 23 8] 2 A A% R, B M3 b
AN, R A A K 2 IR A AR & 20 ~ 40 em,
T ETE R A, A PRI 20 ~ 80 cm + 2w AL
B = T AR IR S ; 7E 20 ~ 80 em L F , BEAL IR
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B BEAE 2 I, 2% b 3 2 8] 5w R 0 22 R A
BEI, AT HLAEAS [] Ak P 22 1] 25 S AL I D o

3 i ®©

3.1 AEGRELETLERASEX TEEEST

1k 9 %0

AW AR Ak 5 b R M A T A R B A
ARMEREA X, LR EY . BN ELE
— AR R, R S R R AR
ks AR R i T 4 5 B 0 A W R AR
[N SRS N VA G u 228 1 e 1 IR N
WFEI 2538 — 50, 23t 10 4 At I B R | 4 0 o5
TRET 15% A0t B 58 E B B {5 45 S it B A
IR T T RE L T T Ak
Al A RS i A [7) 3 B

il I i L b B, 45 A R T D B R
TR BRI T G, DT AR T 49 4t B
REJ1 . AMsE Wb R IR TS
LB A R B E AR, X
Stz & P e R AT A s g R — B, B
S MR S 0 8 5 S O 1 9 K R R A
M. IR R [ BT ST S e, B AR B AT 2 (]
FKRABY) IS A4 A, Bk
B 5 - N T K I 56 2R % W e T
(9 4 A B S B R R G T BB TR T 4
DI, e fss Y m it g 45 S R 1, 0K 56
A R LA 0 B R B R A T AW A T 0t
B3 — L ) 25 A T R R 3 ER AT RN TR 0T R
4 O B RIF Y 45 38 R, R R P K2 10% B9
A e OB T ASIE T 45 R R, KA 1S.
8% 1) 0 A ik HE A AU, S RO H 2 1] 22 i &
B DR B A R 1 R (R, AR 0 P A 3 A b i
RS (B7E 100 kg hm 2R, A HEAT BR A0 0% B
RN T B W I SR, S ECHE £ B HEA
S P T TR G R T T A W A B P 1
A R
3.2 AREEMASMEIHEESH SN

B CK 5 M3 17 A5 b JH1 A 3o 200t 39 i 4% 222 31
ET 2R A5 5, L 20 ~40 em 25
R AT, AR 2 AE H Al b 9 b B BIFSE S R
Bl I 2 B AR A 8 O T 38 9 A
T A S B BF 5 HD 0 A0, 45 R K £ 5 R SC M
W s AR A o X A L R B SR

X F ] 2 B W 2 WA O, T A 4 R A
H T ) R 2 A LR S R B, ARSI
BT ESRIEE AN, 5% K B A G, FiL
WF R AT R, R RS, TR R
REf IR A 7, R E LM AR S 555, 88+
SER B R )2 R AR A A AR R . AN, AL
T J 4 RS R R A, B R R, B B
FEBEE TR SRR RE s
WA 3 ok 4 B AT R R m e
{7 43 A B v 32 B8 A 4.5 4% 5 Djodjic
SV RBE SN R, Y SR R K B T R R
I, T 2 R K S8 5 0 B 0 S B 2 0,
PR AR 2 T R K B B T A AR R
Y ELAR A 15 T4 5 HE— B RS

A B8 AT P A5k 3 5k 40 7 5, T 4 Wl . 4 43 o
SR, S B R S RO, K DL £ i R
HE i FiE R . ARFIEEELE 10 45 FHALAE P 50
kg hm ™% ] i 60 ~80 em + 2kl o it B T
I, 22 R 04 06 ) 2 35 e 338 vh 5 T % 30 1
VR T A% . I, 36 )2 4 M AR % B 35. 1
mg kg ™' BB I AR 3RS R IR R 20 mg
kg O PR LE S B A 7 e U Y A R b A e A
i A =X, 36 A 4 0 i kT S B
{47 FREE (9 XU H A%

A B (4 16 S5 350 A K o 280l v T X B
EH o B R O 8 R R, L B 2 2 1
TV T 0 FEE 55, ZE 60 ~ 80 em A7 ML 4k B 2 ]
XSO ARRE . LA R, 5 4 K R A L
A S T LA B 25 1) RO, Ok R )2 L3 i R
R 25 A A1 B8R B I BEE BE . 4R, 20 em DR R R
Tl T L A S A 5 k22 S 1 A T A ML AR 4% Ak
2 SRS B IR AT S B R B 7 A LR sk —
AR, 2 R AL B R b, — s AR b R
THEZE L KFLBR E 3 T2 £ 5T %, Brock
S50 5 3 JEOIR AR A BRI, & B — 21 SR AS i
AR R 1 Kk B T i A WL S5 9 3 A R R
i 0 A0, TN SR R SN MR 3 2 T Ok AL
B, A EUREE 2, B4R A S0 ¢ hm A HLIE,
EL {1 10 5 A B AR AF 3 3243 kg hm ™7 (H B A 3
R T B AR BAEFRZE 0 ~ 20 em X IR 440 85 1,
T B4 B E 9 8B 0, 8 H R 40 ~ 60 AT 60 ~
80 em {I N T 2.0 f5 A 2.2 £, JH o8O Y 7 it
Fer AR 13.9 mg kg™, 3 WI AT A% B 22K 0 o
IR,
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3.3 REMEREB I EYREES % H M0

AP H G T AL I 3 o 5 T ek i F 2T
B, 15 K . Eghball 25 75 35 [ 40 4F % /F £
e Bt 5 2 WY, i A HLE 1 ok BB R RS ik
1.5~1.8 m, fifLiBAL K 1.1 m, ASHFFEH 20 ~ 80
em A J2 P, LU P HUIE A 3 A b B0 380k B o e I
w5 UL HLAE B S BOE Z B R R T TR,
JEHR g M1 AR B (JifE P 64.9 kg hm %) F1 P3 4b
P P 100 kg hm =% ) i, IV it A HILAE 9 A A FH
AR TR, (2 A 58300 T b o 47 s T AR R
Qb3 Sharpley 4557 % 33 — BE 4 A it B 2 B A5 HLAE
Tils A A B9 A HLER M) T35 1 8 il 25, RIS
BEXTRERIW I R E S T LIEEER . B
A — eI 5 3 i 1) P e S i A AL R K
5 B Y A L DAY S I 4 R 2 s AR
MR R, 5T HLBEA A LB TE 1
T B 0 1 B B, Gebrim 26 BIF 5 % W 78 i P 5 A
HUIT I, 5 2 19 A HL S 2 WL (9 6. 4 £7% ; Chardon
2 0 4 A LI Hh 3 2K B B 70% ~ 90% Sy T ¥
PEAHLRE , RO BT IAE) 4.7 kg hm ™7, BEAb, AL
I B G B A AR 7 N o e P s v, 3 Bl
ERNSMAE TAEY TR, e b 2
U0 A T AR L 5 B 1 T T RS, X M
K R

4 # ik

AR S PR 290 O J5 Ml X 2002 4F % 2011 4E 1 10
AR R 0 o - £, 8 0 R 2 A AR b
HEHMERRBZRMN LR, PSRN AR
0 o) R K Wl 1 e AL R 15, 8%, Lk, 43 BT T ALIIE RN
A ALAE X 8 25 3 LT A 0 R, B 5T a8 o bl At
R ) T KO &% B, P2 il P3 AL BE 60 ~80em -
W W TR P AR BRAE 20 ~ 80 em AL B
SEEMEILILZEN, WA EE R A REETE
KA A VBRI = A3 60 ~ 80 cm - 438 3 & Wk
P 2w TR A E R AT, A
HUAEAHXT 22 A0, + AL s 5 F ) F 2 i
¥ o PR, JC S Tt Wi R O 2 A LA, 9 Ak wE
eIl RO o N P = Rl ST = (a1 o
JRyo AEEA PR AR AR AT, 25 kg hm 77 Y
Jit ol ek AN AN RE U8 2 A W B R SR OT AT i HE
O AE — 38 FKOF A AT IA R & 1% M XK -
T K- TR AR VR 38 B A &

2 % x #
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EFFECTS OF FERTILIZATION ON ACCUMULATION AND
PROFILE DISTRIBUTION OF PHOSPHORUS IN AQUIC BROWN SOIL

Wang Yueli'®  Zhang Cuicui’ Ma Qiang' Zhou Hua' Xu Yonggang' Jiang Chunming' Yu Wantai'’
(1 Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China)
(2 Henan Vocational College of Agriculture, Zhengzhou 451450, China)
(3 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Comparisons were made between treatments of a long-term stationary experiment in a field of aquic brown
soil in the lower reaches of the Liaohe River Plain for analysis of effects of type and application rate of fertilizer on distribu-
tion of total phosphorus (TP) in the surface soil layer and of available phosphorus ( AP) throughout the soil profile (0 ~
80cm). Result show that in all the treatments receiving fertilizer P, soil P gained in positive budget of TP in the surface
soil layer and AP increasing obviously , and a significant linear relationship was found between budget of soil P (x) and
balance of AP (y) y = 0.070 1x +8.5389 (R*=0.89 % ). About 15.8% of the surplus P entered AP pool. When
P application rate went beyond 50 kg hm >, the AP content in the 60 ~80 cm soil layer was significantly higher than that
in the control, suggesting that vertical transport of P existed. Compared with chemical fertilizer, organic manure is more
likely to cause downwards transport of P. Affected by a number of factors, like fertilizer, organic matter content, crop up-
take, etc. , the distribution of soil available phosphorus in the soil profile showed a pattern of being high in the upper and
lower layers and low in the middle layer, with the lowest observed in the 20 ~40 cm soil layer.

Key words Long-term fertilization; Available phosphorus; Soil profile; Lower reach of the Liache River Plain
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