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AL 1979—1993 FHR T M AL M AL 3 3R B R AR R H BT BN E W,
SRFAF BN AB NN, HPXUBRSGEHEE, HKEAESHME, W
BRERSHEM G LARL, KEABESY LESREHEE, TEGRK, Hild
REs R THIUE, BrRY, ¥BENKER SN E E A5 ERu N A%, 72T
AR TEBEE 45kg / ha LA, W LM EBBEAAMR Img / kg, ML ERBWERS
THEMABERYE, —8IFHE 12 FTEK, K5 68 Fi{fFReETk, HARIE—
EEE, BEABETAD, AE. AEKEESLTT 11400 27, THELE 100 27 ¥
&L, MEBE12 AT, fE 15 EF AR L EBEETE.

XA KPEh, Wt BREEESTE

1979 &£91, BNERBRMXE L FRETESKBEMIRK. MLERXBETEEH
M AIEAER, AT EMHERN 81.3%. TEFLBRSBAK, MERBRYLEHRT.
HeERRERITA B UL T LB SEE Ligkegll L, MERHESENT
Smg/ kg 53.3%, 5—10mg/ kg &5 27.3%, KT 10mg/ kg RA 19.4%. Hit, L%
EFBENBRAKFUT, XMERELLBXAEFRAFREREN., ARRBELE
“KPFEM " X—FERMET, HiTARMERER X L EBRRSHSTINEE, N EF
B bE A J 3B BE R F 5 BUR B EEHER L SRR I BB 12,

1 MRS

WL AANLE, MKESE, BEIHER, NRER 6.7 F X, KuRAKRBRSHE.
WA R B . 1979 6 4 AWK 0—20cm #H R L IEHHHLE R 189 + 20g / kg, £H 1.0
0.06g / kg, 28§ 1.59 + 0.055g / kg, /KA 751 £ 8mg / kg, HABE 16.6 + 2.8mg / kg, HHKHE
173.3 + 9mg / kg.

* AU RBER RBEREREIERERAESRG, SRS,
W HB: 1995-04-11; WFBEXHEEM: 1995-10-13
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HBM 1979—1993 F3LHTTT 15 F, -1 FAY,. BE-FHHEEXIN, HARL/INE
S5EEKEE, EXRERAEAE, @WI0FELoHHEE 19547, I0FEEEAHEEEI1SAT. A
FE B gL 2 807 & /N ERME, /NEM 10 FBATME 255 AT, 10FEEEABMBER 15AT. #
JEZRHE N, P. KB 1:0.5:0.25, BHLACAEESEREN, ATLHL¥EAHE, HEEEKREEL
IR RITE, AEAh, HhREERUE NS SHEARN 40%, #5800 UEEFAHY
RO, EWS: BEYBERA Olsion I (5 #7 1979—1992 #5%) . SBEAMBESMLEK, T

F1 RRQITSRERGITR AT/ 20
Table 1 Field trial design and fertilizer rates (kg/ha)

&4 = K= NoE X A it HHLE 5%
Wheat Com Total Percentage of
Treatment Code N P. Os K: O N N P; Os K: O Organic Manure
N 01 262.5 / / 2115 474.0 / / 0
NP 02 262.5 133.5 / 211.5 474.0 133.5 / 0
NPK 03 262.5 133.5 75.0 2115 474.0 1335 75.0 0
N+3¢ 04 262.5 129.0 114.0 211.5 474.0 129.0 114.0 289
N+ 05 262.5 13.5 1245 211.5 474.0 13.5 124.5 21.8
N+ 4% AL 06 270.0 225 124.5 / 270.0 225 124.5 67.2
FTHE 07 / / / / / / / 0
35 08 2625 129.0 114.0 2115 474.0 129.0 114.0 28.9

W RPEAER1979—1993F %, KREERHEY.

B R SR F R T RIE JSHIMR 500 1979—1988 4E4E5).
2 ZERESH

2.1 EAREARX LB S T4 AR I

THREBESE TEREVWIMERE, BESBREIA - CERELRERATS,
TIEMBEK T FERE T HEBE SR,

1979 F IR EM HIE LSBT R FHN 1.59 £ 0.055g / kg, HERRZEH 3.45%. M
10 FF2B TR 1.63+022g/ kg, HERRE LT H 13.6%, 1 H IR 548
Wi 2.5¢ / kg.

ENIHAE 10 b TS B AN N
21,1 fEKX M X LR A EEM, KPR N P K XK 203% A&
ZUUEMWAESRUE, MARUENKNESEITE, UTRH), EEEELEDEEFK
HE(R=0802"). RAHBEKX HELBHE L 10.3%.
2.1.2 HAER RAERR TR R KRFEX HIEL8H M 10.3%, HEFREEETE
EKUE(R=10823"), MHEFLCHMNGENES L ELBSELHTER.
213 #KEKX TR 17.4%, FEEHIT 2%, MILBEX - LBEEL 9.7%,
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i BL4F B ] AR s B K. & R, RAMBERIE (EEAN. TH) A6
RetELprsE, RN HEABSEEBHOHEXERBIREEKER=092""),
M AT PR+ 2n S B AN S E 1, XSMANRSRE &N,
2.2 EfIREARX TR RESHETLGHR G
RMUAENKEBENIAKREXSH, E6KELE LA Olsen ¥ M5 6 E X B 5 MBS
A B ENAAE, Hit, SRR IR K EERR.
EEMMAL LEP B TEERKRM, 1979 FEMIEIERB SRR 166 +
28mg/ kg, HERFEE N 169%, FI 1992 F L EHEHBHE TR TED 7.3 £ 4.2mg / kg,
TREBEED ST5%AERRK), EFREARMSUL, XFTHEBEMMERE
HE ARG R AR KR (3R 2).

F2 KHEMHEER L HERAIR M (P mg/ke)
Table 2 Effect of long—term fertilization on the content of soil

available phosphorus (P mg/kg)

& A 2R 1979—1992  HREEK RE
Basic Value After 12 years £ -1 (%)

Treatment 1979 1992 +/ ~ +—-% Range cV R Value
N 19 4 -15 -78.9 3—19 60.0 -0.71177
NP 13 15 +2 +15.4 11—18 34.2 0.326
NPK 17 10 -7 —41.1 11—25 35.3 -0.036

N+3% 14 7 -7 -50.0 7—20 247 ~0.414
N+ 54 18 6 -12 —-66.7 4—18 41.1 —0.846""
N+ & 21 7 -14 —66.7 5—2t 43.0 ~0.786""
x A 17 2 -15 —88.2 2—17 54.3 —0.763""
* R 14 66 +52 +371.4 14—81 49.5 0.916"

IS FEMBIEKET, AFEMAELGIER H3E B s AT N (F 1):

22,1 {IEX PANEBEALFX (NP 5 NPK), 15 RN BB A BT E
FHFKHE, IREATHBELHEK, NE EEXEEEHEAE M 11400 A, R
B 104.4kg/ ha, FHEFGAHEAEHR (X 313350, HEFIMBEN—ER
K, MBEEREALXB TV, FTHEEZ 100 ATRBUMNESEENK), FTHBE 1.2
A, MEABLHEX (NS LX), HEBEABEERFERME, 15 FEPLTE 15me/ ke,
HAETHRAMEAERFIREEKER -0.711" "5 -0.763" ). AEITHE(NK:
y=123-09x, EEKX: y=125-08x KNPy RFHHHKR, REKRFEREFSF
FE T 08—09mg/ kg, LB X BN TE I E 93% LA B, X368 18] B 815 s gt
1485kg / ha, V¥4 EBE 49.5kg / ha(VA PO, LAFE), HIEHEZBETHE Img/
kg.

222 HIEKX THERRBE ISEPHEZRETHEBYE, HPURRNIRKAETHE
412% Ak, BEFEREMATLHIHE. MEFXSSERX TREERREFKE
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Fig.] Changes of available P contents of Fluvo—aquic soil under long—term

fertilization (P mg/kg)

F3 KHAECHEE MR THOEWE (PO /AT
Table 3 Soil phosphorus balance as affected by long—term fertilization (P.Os kg/ ha)

& L& R W B )34 B4 & TEEAK BT
Biomass P Uptake P Input Balance + -

R R A/IT AbE EX A/t M OB HE At Coeffi-
Treatment Grain  Straw  Total Wheat Comn Total  Fertilizer Others Total cient (%)

N 8340 8565 16905 37.80  43.80 81.60 / 435 4.35 0.05 95
NP 10995 11340 22335 5355 49.20 102.75 133.50 435 13785 1.34 +34
NPK 11400 12090 23490 5430  51.60 105.90 133.50 435 137.85 1.30 +30
N+3% 11415 11850 23265 5520  50.40 105.60 129.00 435 13335 1.26 +26

N+F5 #F 10215 10860 21075 47.70  49.20 96.90 13.50 435 17.85 0.18 -82
N+ AR 4500 4890 9390 4830 / 48.30 22.50 2.85 2535 0.53 —47

FAE 3990 6990 10980 19.80  20.40 40.20 00.00 2.85 2.85 0.07 -93
3! / / / / / / 129.00 / 129.00 /

¥ RPHEL1979— 1993 FEM TR, HERFRK, Bk RERBFHIHE. TERARLLIEERU
TRk, 1BLEXNE, 1ITHRS.

(R=0846""5R=0786""), ¥ T 67%, FETH09—10mg/kg. HFIFEFRH
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EHTEYHETSEKE BN S EM, S8H, FTHTHEBERI TR 65%48% 5
82%), Db MBI AT, B B RS TR (R 3). XEMLLEEABIR
KERHEEBAT SN, LS EASRE, DR EIEH (B S8 MBRINBEM A
2.

K E LRI b B 285 5 38 R B A U A R T M R (R=0.9067), T/
. EEXREE 4FPEBAHEE THBE 2273kg/ ha, T HEREHETFH TR
4.64mg/ kg, FH & FEBE 51.0kg/ ha, TIEBBBETFE Ilmg/ kg, XA FRH, HERH
B AL S B 0 ST TR DD AR SRR,
223 KR HT ZA RS ARMEY, 1559 HEEXPEREBREF 66mg/ kg,
PCEE At S B S2mg/ kg, WME =M, HEFWMHAXHESIHARTERE
(R=09167). 15 EHBEREAHMBE 1797 N, THEMEE 3406 AT liEE HEEY
B Img/ kg.
2.2.4 R X 5 IR B v B I AT AL AR B LB TR B, T
KR, ATHEA#AL, EFER, HEBEUSBRNTEFER, HEREE—E L3
1, MEM/AEEER, FEEH Smg/keg, SELRBETE, FHEERA 2mg/ ke.
AR R, Y EKEE L TP Somg/ kgbh Lo, BBEEAKTE., MIHLHERK
(NSEEX), BT hEs AR, HEEEES TR, BRAREYS TR, M
Rk 1I—2ETHIBERK (T 35—50%), 2—6FTMHEZE, UEH/ILFEATHET. X
KA TEHEBE T REREREETEN, HTHIE —EHN KFRKBRE Smg/ kg), B
THEe GWEMERM, EIBUNLT —-MRENR, X PHBREEE KR, FiFb
—H M.
2.3 EACHERX LIRA AR TN ARG

RFKRTHO S RIER, HHEITHBE ABRRER (A-P), B (Fe-P). BR
M (CaP) MM ESHMRE OP)FHMRY ™. 1979FEEM P A S S 28
85.2 = 4.1%, XUEHAMEEM LB A A TCHLBE A 3. K& AR XF & FOE S8 Tl
BEA A RIR N (A0 4).,
231 BER&EL (AI-P) & THLBEH 5.4%. ENMEAR 10 4£/5 LB T BB A T Y m
25%, EAAPEERKNKX, NPX 5 NPK X 2K, 450380 110.1%. 27.1% 5
12.4%, FEXEHEARE, MEEXHEFHBHE LD @D 37.4—43.1%). AFPEEX
BAREENFHELE(R=00980""). ITHAERX AI-PHA TR, LRI BB
R TR, AT UE B i BUE 2R S Y, FEATEEMGE PR E M siiL.
232 BEBREKE: (Fe-P) S8R, HELHBEK 0.78%. FMMAE 10 F/5, TiEH
BRI T E TR, T TH804%, HPUANSES NPK X THERSD, HELHH TR
70% LA L,
233 BERRESEE (CaP) i JCHLBER 62.3%, B THLBER EEHBRIS. 218 10 F 1
EMMEAL, HA NPK X Ca-PH¥in [ 2.4%, HELHHFR D, HPRIESKRX®R D
AR, MNK., FECHX, SEXUELIEX DX 27.6-35.6%. BEMESE S5 ®
RBEEEEHXE (R=0.728"), FLOBEBESA KR Ca-P TR E, XiiHBERE
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Fd4 KPECRERYRTNBABOEM (P mg/kg)
Table 4 Effect of long—term fertilization on components of soil

inorganic phosphorus (P mg/kg)

i B m H X H B Bt d 2B
Inorganic Phosphorus . (%)
Percentage
Treatment Item Al-P Fe-P Ca-P O-P Total in total P
325 5.0 380.0 195.0 612.5 90.1
N B 21.3 1.3 242.0 200.0 464.6
C —11.2 -3.7 ~138.0 5.0 -147.9
A 28.8 5.0 395.0 185.0 613.8 91.6
NP B 36.6 0.1 315.0 177.0 528.7
C 7.8 -49 -80.0 ~8.0 -85.1
A 35.6 5.0 374.0 200.0 614.6 83.1
NPK B 40.0 2.5 383.0 345.0 770.5
C 4.4 2.5 9.0 145.0 155.9
A 35.0 3.8 305.0 187.5 531.3 78.1
N+ B 338 0.5 285.0 295.0 6143
C -1.2 -33 -20.0 107.5 83.3
A 313 3.8 376.0 187.5 598.6 85.5
N+# 4 B 17.8 0.1 242.0 225.0 484.9
C ~13.5 -3.7 —134 37.5 —-113.7
A 29.4 50 382.0 162.5 5789 85.1
N+5AE B 17.3 0.1 275.0 250.0 542.4
C —-12.1 -49 -107.0 87.5 ~36.5
A 35.0 5.0 380.0 200.0 620.0 86.1
T B B 219 0.1 275.0 205.0 502.0
C —13.1 -49 ~105.0 5.0 ~118.0
A 28.8 38 358.0 175.0 565.6 82.0
RIH B 60.5 3.1 3120 180.0 555.6
C 317 0.7 -46.0 5.0 -10.0
A 320 406 368.8 186.6 591.9 85.2
-3 B 31.2 1.0 291.1 234.6 557.9
C ~0.8 ~3.6 -71.7 48.0 ~34.4

oA 1979FERBE. B 19SSHEMIEM. C B-AfA.
ERAE o 1 25 B R AR 40 1 R AL A BB BEE R R
234 HWELISBERE (O-P) i LB 31.5%, WO TREMESE. —&ilkh O-PE
THER. SN 104, JLEMBEX O-PYARM, HPUNPSEEXENGEE (3%
N 57.1—72.5%), MARBEXSKRNXEBEAHE, XRAEGKE 3 EUHEER
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EWEE, FeTtiuisl O-PIA W BRIk 0 BB B M E AL .
2.4 TEACHEAR X BRI A E AR I

B A AFERAHAZEBE AN, ZEZHEERERBAY. B TEAMRTARS
A, MBAEMULELEARE, AVELEBAMEE, HIESHIER L XA AL
25 407 5] B 0 ) R R E A AR EL LR,

MEKSE, mALFEBE, 19795 BN AARERRA 15—16%, HERES,
B 74E (1985 4F) 24 B HA H L3 EF 50% UL E (M ERSEB RN, UEEL
BMAHET, 31993 FBFHMARKET 56.5%, M 1980—1993 FBEr) P ERAM AR
9 48.5%. BTEARFLAELLEF, NPK Xt NP X 8§69 H i R & 2.4%.

R5 KMEMERBAOFAROEE (%)

Table 5 Effect of long—term fertilizatton on the utilization effficency of soil phosphorus

WE B-FE 1980—1993
# ¥ R B £
First FV-HHE
Accumulation value of each year
Treat-  season Average of
ment 1979 1980 1982 1984 1985 1986 1988 1990 1992 1993 19801993
NP 15.2 39.0 48.3 46.0 59.9 58.4 389 50.8 57.3 55.6 473
NPK 16.0 41.0 44.9 48.9 61.1 62.1 42.8 51.0 63.0 573 49.7
N+3§ 28.2 69.1 61.5 93.0 95.0 94.4 27.0 38.9 46.2 334 52.5

H: BRATHEI1980—19934F 4FE M T HHE, TARRAMIIETHE.

25 THIEMBEMETSEN - ROEX

MBS, AN “EEWE NE-RWEE, WERFEETE
B R, EROHERXYEINL R R.

B NX: HHESHEOSNMEZ]Q)MBEIEFER: y=1289+ 18.5x(R=
0.600" n=10), NIRRT LIWEZBEEE lmg / kg, DEF LB HHE 277.5
N, MEBRKMHTEE: »=700+87x (R=0.677" n=10), FEAKEIEFLLT 1%
EBE T Img / kg, NEBABFEREA 1305 40K, HHEEZBES E KR
BEBEMXHE, RARMBNREXMEXRABEF I WHAEKE, TEEXRBEEGTE
Img / kg, EXBLAIMTE TR 2985248,

3 /N

. IRt L AR TN, 10FEPHERREA 3.5% EFF 13.6%.
FEAFRBES, LXK MRS EEm, MEem NRKEATEXMNHER D>, &
AYLESH, SERBRAKEFESLIELHRER, MEFRKETHEEM.

2. AREMBERY T EEXBEEZMBR, ISERPHERFREE169% LA
57.5%, FEFAEHZR>PHEEEA. ERRERS, HEXMEER THYIE, L¥8
MEASERELAGE TIRENBN AR, FHEBLOBIRABEMS ARSI THRSION
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. BB AR Img / kg, MAFVEX LEEABRIETETHR, XIEEEHT
BRI ATFEERY, THBTAHESEXBNSH™E, YH4E TR 0.9—1mg/
kg. Hlt, ARV GRESBEESN), LAMEBRIE, LUIRHBENAL.

TR TR B, k12 ETERK, HF 68 FRRFRE AR,
YERSETHRIE -EMEG EHRT R S0 S Smeg / kg) BRB/DT. HHEEKRBEHN
BREETES THRMNEFE.

3. HRE LB AR TN E, 2B 852%, H P UBEREh S TALEE
62.3% HEE, HWEHAELR, &IHBE31.5%, BRI AT & LR /D,
SEIRE 54% 5 0.78%. EMHAES THBWHRBIE T ER W, EABIE 10 #£5+
B AL B 2B 85% T RER] 77%, H U AI-PRENK /D, T Fe-PM CaPTHER
¥, A O-PREME. XTHMEESLIBMERERE, —RIAHAESHILEL
B, MAEMBEAIBAEUBOTMR, EXBRO T EUBREHETE, HREHRRS
i, HEBIEMAREERE 1E S ALPH CaPE B, MM @SB e T, HiE
ERINAE SRS mMBEEE.

4. BB IEHRSFEREEL - EBEFEN, EEMMHE 15SEd, MEEBEEX
FEEG AT 11400 A, BESAHMEE 130547, WEALRET LHEBRRERNF
. FHEET 100 0 REUNESEEX), TR 124

S, A L EABMNEETEEWE/NETRME, LRESHESRNEILT X
Mg, MEEERpes EXREEA BEOMXE, (L8R NXXF 0.1 KH
FIKHE,

8 % x W

Krshnamoorthy, K. K., 1984: EIFERKMAAK IR EE, LR, B 124 58, 3640 T,
AEE, AR, XE, 1993 ARt LRSI sin. LML, 48, 1114 K.
WREE, AREHE. FERE, 1992 XTEEHAREHLEE. L, F4EBHE2H, 5760 K.
BRI, W, 1990 GRHETHEEHBSRMAR, LRFEERE. F 18 EE 14, 1—8 .
‘i, 1990 HEBERLFEBAUE. LREHR, F18EHEF M, 1—5 K.

HAE, 1992: AKM TR EHBARENHR. T8, F24EE2H, 61—64 I,

PRBL. AREEHE, 1988 BMAFASEARSEY. LWALH, B2H, 6—10 K.

WME, THI, 1992 AXMLEPTMBESMERENHR. THEH, B3H81—4 "

o BN AN S i e
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LONG-TERM EXPERIMENTAL STUDY ON COMPONENTS AND
CHANGES OF PHOSPHORUS IN FLUVO-AQUIC
SOIL OF TIANJIN SUBURBS

Yao Bingui Yao Lizhu Wang Ping Zhang Xi and Wang Defeng

(Tianjin Soil and Fertilizer Institute, Tianjin 300192)

Summary

Effect of long-term fertilization on components and changes of phosphorus in
fluvo—aquic soil was studied in Tianjin during 1979— 1993. Results showed that
inorganic phosphorus was predominant, in which Ca—P occupied the largest percentage,
O-P was second only to Ca—P and only small part was the Al-P and Fe-P. Long-term
fertilization could significantly influence both the content of soil available P and the
range of its changes. The effects of chemical phosphorus were more obvious than
those of organic sources. The increasing and decreasing of soil available P depended
heavily on whether chemical phosphorus was applied or not, soil available p increased
or decreased at the rate of 1 mg/ kg when 45kg P/ ha was added or removed. In
addition, our study also suggested that the changes of soil available P differed with
the periods of experiment at time. Generally speaking, soil available P changed largely
in the first two years, and the changes became smaller in the later 6-8 years, finally
it remained in a normal value with quite small changes. Soil phosphorus could be
balanced in 15 years when 18 kg / ha. year P,O, was applied for per 100 kg of grain
yield under the wheat-corn cropping system with the grain yield of 11400kg / ha in
total.

Key words Long-term experiment, Fluvo—aquic soil, Balance and changes of

phosphorus



