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Abstract

The evolution trend of phosphate fertilizer recovery efficiency and the phosphorus uptake
characteristics of wheat maize under different fertilization modes in Shandong fluvo-aquic soil
were studied by continuous 33-year long-term located experiment, where a wheat-maize rotation
was practiced. The results showed that there was a great relationship between phosphate
fertilizer recovery efficiency and fertilization modes. Balanced fertilization treatment and
balanced fertilization increased with manure could increase phosphate fertilizer recovery
efficiency. There was a positive correlation between phosphate fertilizer recovery efficiency and
available phosphorus of soils for nitrogen and phosphorus fertilization, balanced fertilization (O -
80 mg/kg) and balanced fertilization additional with manure (0 - 200 mg/kg), while there was a
negative correlation for phosphorus and potassium fertilization. The phosphorus uptake of the
increased organic manure treatments was higher than that of inorganic fertilization under
different fertilization modes. The amount of phosphorus uptake by wheat was higher than that of
maize for inorganic fertilization treatment, and the amount of both was similar in increased
organic manure treatment. This provides an important theoretical basis for phosphate fertilizer
management and soil fertility in fluvo-aquic areas.
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PR ERHIACZEAT N, ARV BEIE IR AR, BRI 5%~10%, RMEEEEDRER, —
et A el 25%, FE/NERIBEIEH H ZRIEE Y 6%~26% 101[7]. 11 HBEILE 2 R E R, 3%
SRAY L AR it b Rt AR OS5 PR R AR, A A 2 2R T 7R Y A (e, DR b e e 8 A7 16
BE % 60 I A0 2 PP A A AT [ AT i R 3 G WA 7 5 Bt A o S i R R P o3 P e R B IR 3R 85 vt
SEIE I TR IR L R AR A g R G R p B R ASE VISR (9] B SFIE A R AE 77 2CRT 7T
RIUAE N AT S Al Ll D B B L N 3R AR T S B AT [l Wi 107

KPR A7 1 56 LA IR (R A AR S DL, DRI T LD 20 - R Ak, IRR AN
FORBERBAMCRAIE, SR RIS R, Do) £ DO AL B L e B IR SR AR 2 AR e . 5340, i
FeHe AL RIS | g/ i L Bt 4 A TR AN SR P I B R

2. MMEFHE
2.1. I MRS

K R8I A T 1L AR A B R T LD AR A RO R BRI AR 7 B 8 (b4 367407 RE& 117°007),
MR N 27.5 m, DX AR Y AT 8 T Il T IR I R A U . SRR B RN 693.4 mm, P
iR 14.8°C, iR T 10°CHIARIR 4774°C, 2K E 444.1 mm, JTGFE 216.4 d, F H K% 1870.9 h.

BRI 1, R R FONIE AR TR, BT M EEK SR, GRA AT KR
IO 1982 FERKETIFLG, W TFURET FHHE T38(0~20 con) &AM L# 1,

2.2. SRR

BER/NE RN 1983~2001 4E, B 13; 2002~2005 4E, ¥F# 16; 2006~2015 4E, FF 22,
TR FPR: 1983 4E, BJFH 9 5, 1984 4F, B K 45; 1985 /1 1988 4F, & J5H 4 5, 1986 4, &
JREL 7 5 1987 4, BJRH 8 5; 1989~1992 4F, HJHH 15 5; 1993~2005 4F, #H 4 F; 2006~2015
M, HEL 958,

WRIGILE 16 ANMEHE: 7T 8 NMATLHURACALEE, J5 8 MNNIEHiAHUAEALRE, HALAHiIEE 557 8 Mk
HARE . HAEFE SN 1. AREAEFHECK): 2. B(N); 3. ZUBE(NP); 4. FHH(NK); 5. BEFH(PK); 6.
EBHERNPK); 7. R Z BT (N sPK); 8+ W R A (NsPK); 9+ AHLIE(CK+M); 10+ ZAE HLAEN+M);
11, BEERAHIENPAM); 12, A HUIENK+M); 13, BEEAIA FUIEPK+M); 14, BB ATE L
RE(NPK+M); 15, JEZBEH A HALN sPKAM)AT 16+ 38 A BEH A HUE(N,sPKAM). BRI/
XA 1 m*, THUGAEAIEE S 3 K, $8EA IR EE R 15 5 (F e Hh 2 18] J5 D) ik R B Bt AL
XA BT, FabE AR & W 2, HAaiUERh 3, B3RS & &N N 4.75 gkg, P,0s54.83
g/kg, K,0 9.90 g/kg. RH/NE-TAK—EWAEAER], INEFEIIL S0%IENEA 50%E LA, .
JESEFEALRE . FoKRTEE B MR AEIEE . A HUIEALEETE b b 2 it AT () JEmt b TR K TR /N 22 4%
FHHTHEF 25000 kg/ha 3%, Horb, (LRI iR IR T LN 65.5 kg/ha, NS IERANRIBERL
N 33.5kgha it . AEEAEYIHL EE A, THERF NG Py K FEOATEAERR

Table 1. Basic physical and chemical properties of initial soil (0~20 cm)
= 1. MR (0~20 cm)EAB MR

HHUR o 1 A 1 bry gl
I i
AL (gke) (&ke) (&ke) (mg/ke) (mg/ke) (k) pH
e AE 5.71 0.47 1.28 15.19 5.90 75.3 8.20
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Table 2. The amount of fertilizer application

2. ERERZ

st Tk I
LA (kg/ha) T 34 7 (t/ha) LA (kg/ha) Ty 3¢ (t/ha)

CK 0-0-0 0 0-0-0 0
N 150-0-0 0 150-0-0 0
NP 150-150-0 0 150-150-0 0
NK 150-0-150 0 150-0-150 0
PK 0-150-150 0 0-150-150 0
NPK 150-150-150 0 150-150-150 0
NisPK 112.5-150-150 0 112.5-150-150 0
NasPK 187.5-150-150 0 187.5-150-150 0
CK+M 0-0-0 0 0-0-0 25
N+M 150-0-0 0 150-0-0 25
NP+M 150-150-0 0 150-150-0 25
NK+M 150-0-150 0 150-0-150 25
PK+M 0-150-150 0 0-150-150 25
NPK+M 150-150-150 0 150-150-150 25
NisPK+M 112.5-150-150 0 112.5-150-150 25
NosPK+M 187.5-150-150 0 187.5-150-150 25

VE: R 0-0-0 83 N-P,0s-K,0 At i, LAMLHE,

2.3. BmREMLE

FEAE RS, SOREEA N XA, APRORSAT 20 B AR 52 kL, 25 B 2REH L T X
T, SRJGHE 65 CHT ZBAEE . FPRIMFEAT L T AR E G, AP EENLEEA TR ] TFPROMRS AT h 4, %
MAPLETTR &K HTIE -

2.4. WEBMB MG Z*

TR R TR G — I TEREAT, ETT RS SCHR[11] [12]. PR S S B 2 B0 i A
B AERARBUEIRE RS 0.5 g 2 AT 100 ml JH A JRES, K HySO, 5.0 ml, #85), EFEILA. £
AP ESEARIRIN A, £F HoSO, K MG FHZ W il i, i 2 S0 AR BB G, F9& Ja i 10 3 H0,.
IR, ML 7~10 min, FAEERMN H0,, WA, BEEEUR. BRI HO0, BHTHD,
HEBWW LT CBE RS, AN 30 min, BREFIRE HO. WAIG, & . W G WEBUH I E A
W B [FRETE AR, DUIERGIRE

THEHUP N BRI A BL . AR MILRE, EBABE ST Gk, £ NaOH #Hb
KIGICIE VL AR RN HE, EABE M Olsen V%, A 1 mol/L NH,0AC &R #2—KJEIG e, KH]
BEFVEDN E 35 K& .

2.5. BURALIE AT

B 1 (%) =

5 (1
([5G A0 S (kg ) — RIS S 84 Bt (e ) | %68 A6 S B (kg P/ ) x100% )
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(IR (kg /ha ) = PR (kg /ha )< FFRL A R (%) + RS &t (ke /ha )< R FF AT BERR (%) ()

SEUGHHE K Sigmaplot 12.5 #EAT G408, FFH R R Bk 47 832 % 4T (p < 0.05), SR Excel
2010 HEAT1ER.

3. BRE S
3.1. RBEPEEERATRITT AT

KA REAERE S, B A BRI IE Rl R AR A S an N B BT R (B 1 ANEAEYD, A N TeHLUitE e
AR BRI C NHEA HUIEAL I 15 2 FTORMEYD, A ATHUEIEALEE: B AN A PLIEALEE).

ST NEAEYD, HFACIER & A FE(NP. PK. NPK. NI15PK Al N25PK), B HE [E] A 3R S i iRk AR Ak,
SRR ESE ETE 22 R JEIRHT N M. Hid, PROACFEREAC ISR AR AR, PN 20%4 45 . 11 NP
NGB Ak, 2 P17 e A A B B A RS e A, IRFFAE 30% 45 45 o

X T YA HLAR AR EE, ARt AR T B AR Rl % 2 = 3%, NP+M A1 PKA+M A 22 1l AL (3] Wi 22 4 5
UG, 7R 20% AT s U AL TR G it A ATLIE AL BEBENE [ WS 250 R8 08, 4EFRFAE 20%~30%Z (8] HH T ANJitifk
10 B A 35 (CKAM  NM R NKAHM) PR it e 2 350G T VR 42 7 A 6 v = B A [T U 3 v Fer DA N+M
A FRREAE R K, T8 60% A .
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Figure 1. Changes of phosphate recovery efficiency in wheat season
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Figure 2. Changes of phosphate recovery efficiency in core season

B 2. EARBAERRTL

YT ERIEY), TOHUARAR R, BEAE RSN, PK ACEEBEALEI R R0 B, |/ 13 45
FEENSCRIGTE 10%LL R, M5 ELE 15%L 47, MAREHEN. 7T 14 4 NP AR NPK. N;sPK. N,sPK
A FEBE A TSR AR AL R AR H RN EAR KR, SRR ISR ERRTE 25% 24, 14 4EJ5, NP Ab#H
T S ] AT 2 /I8 SRl 1 i ot A AL

Sof T3 A UL EE, it A0 BE G FLAR AL FE(ONP+M . PK+M)REAE EICRAE 20% 45 45 A BEE L AR
et it A AL A Ak ol S [T A0 s vy HLARSEAE 33%~37% 2 18], MU/NEIKHIIRFE A NisPK+M < NPK+M <
NosPK+M.

3.2. BREE RN TRBREMmA X R

KA A IEEE T, AS[RVE Y A [R5 6 808 e B o RANR], an R FR (B 3 b, B
4 Bk, A RNTHUEAELEL. B AHEA HLAEALED).

XFF/NZVEY), NP AbEEE AR RIS B A 5 n 20— AN 2218 TR IR B  H PK b
BB, H5HADL AR AR EE R AR EICR AR NPKL N,sPK RT NosPKARER A R [ R i 3
RO I Bk R TR .

XA, TEA S S BRI, MEA S S EN K, CK+M. N+M. NP+M #
NK+M Kb AR EN R AN 8 6T S0 At A LA A2, ol RS [ i 2 R A 00 2 () 2 7T 1
f) R TE, BISRIG NG T REAESS RISt AL N BEAE e il & 3G R IE IS4 v,
I S BT 120 mg/kg W, BERE FISCR BRI .

TR, ETCHLIEARE A, NP AbEERT PR A F A gl A [ fir R 394 R0 1) i 7 5% R 5 /N 48
TEVII 5E AR A o B Ny sPK ARERAM (0T BEAFETE — 52 IR 22), ZUBEAH Ab R3S B A 80 134 in 280 E T34

XTI AT AR AL, NP+M ACF A AE ) SR A 34 3 2 18] 9% R AN &, PK+M Al NPK+M 4k
PR 8] T Ea) B e 2, BB RE (1) = b 39 A & BN 23 TR ETHE S .
NisPK+M Fll NopsPK+M Ak 2 ik AT (B UAg 26 i o5 A5 5ms ( 389 i &2 EH a3

3.3. FEIMEARRERT V&R RIFBHFIE

KIIAFREAL T, (ER B RS SINEE 3 (M E) &4 (oK) BRI, B2 BB A,
BT LI AL B AE YR B B 2 2 v T AN A HLIEAL B (p < 0.05). A [RIALEEAS [F) 47 [A) /b i AR AL R
5 RFED i F A 2%
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Figure 3. The correlation of phosphate recovery efficiency and soil available phosphorus in wheat season
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Figure 4. The correlation of phosphate recovery efficiency and soil available phosphorus in core season
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Table 3. Characteristics of phosphorus uptake of wheat in different fertilization

< 3. KEAREIFERR N B R IRULHHIE (kg P /ha)

sl 1-10a  11-20a  20-25a 26-33a  “FHIHE Ab 1-10a  11-20a  20-25a 26-33a  “FHH
CK 9.7 9.5 223 14.0 12.6a CK+M 19.1 24.1 30.5 215 22.9b
N 11.8 9.3 26.9 193 15.1a N+M 32.1 324 40.5 35.1 34.1b
NP 29.2 27.8 41.8 253 30a NP-+M 30.1 283 40.0 29.8 31.2a
NK 13.4 10.8 242 18.4 15.4a NK+M 222 228 35.7 26.2 25.4b
PK 21.7 28.4 37.9 26.5 27.4a PK+M 22.9 33.7 36.0 36.0 31.3b
NPK 32.8 32 437 29.6 33.4a NPK+M 347 352 43.4 37.8 36.9b
N15PK 28 29.5 383 28.0 30a NISPK+M  41.1 39.5 55.7 43.6 43.4b
N25PK 286 29.8 39.3 29.0 30.7a  N25PK+M 347 33.9 413 36.8 35.9b
B R AT A FE N FEER R b E R B (p <0.05), T,
Table 4. Characteristics of phosphorus uptake of corn in different fertilization
Fz 4. KEAA [EIHEAE £ KB R RUBHFIE (kg P /ha)
sl 1-10a  11-20a  20-25a 26-33a  “FHIHE Ab 1-10a  11-20a  20-25a 26-33a  “FHH
CK 6.8 10.4 11.2 15.7 10.7a CK+M 15.9 24 20.1 31.1 22.7b
N 8.6 12.2 112 185 12.5a N+M 22.6 23.9 20.9 31.1 24.8b
NP 23.6 20.2 25.4 25.7 23.3a NP+M 23.6 27 25.6 31.2 26.8b
NK 10.5 15.1 11.6 17.6 13.8a NK+M 282 27.7 283 37.8 30.4b
PK 10.1 17.9 19.5 25.6 17.7a PK+M 17.9 26.9 21.9 35.7 25.5b
NPK 26.9 25.8 26.7 38.1 29.2a NPK+M 28.5 30.2 29.1 442 32.9b
NISPK  23.5 25.1 27 39.1 283a  NISPK+M 27 30.2 29.9 42.9 32.3b
N25PK  25.6 25.8 25.7 36.2 282a  N25PK+M  30.7 333 332 435 35b

P AN, X AU PAT il AEVE Y P AR AL AP it AR AL 2, BARRI N CK < N,
NK < PK. NP < NPK. N;sPK. NpsPK. ZUBEH-T-H i E(NPK. NjsPK. NpsPK), /N2 FOKMR W2 33
ENBRRE, WAL T 28.2~33.4 kg P/ha 2 [A]; (i fE IEALEE(NP. PK)/NE R KB R IR T8 26 kg
P/ha fity, FPATHEAEALERAH LG, NP AbEE A (/N2 W0 i e A ks, TR & ek 20% /e 47 s AN Jt i
F(CK. N. NK&#H -, {EYPR &AL T 10.7~15.4 kg P/ha 2 [A];

XTI A AUICAR R, N S T oKW B, A AL B &I T 22.9~43.4 kg
P/ha 2 (8], H. 33 AW BRERE s T4 i N4 it ML JE Ak B A A B Tl e KT FL At AL B . P A A 38
T 2003~2007 FH I BT, FBEEAAEE FAHEEETE R, BT BRI U R R, E

PR .
4. i
4.1. BBEWREERT T

T IS [ A 2 Ay i IS A5 B ) — AN EE R A, $ B ] AR v A PR W R A R
TCAUAE b 2, B B T it B RS [ i 2R B 5 v e e Ak A A B, P 4 e Al A [ U R
26.6%~31.8%, = TAHRMKFEHEALEILEE 19%, KT/ B /KREHEAL EIR 2 36% [13]. PK ALERA, ANjiti %
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NEB S FEMAVEPI S BRI T 14 4F NP A& PR U A 1140 it S Ak BT [ Wie R AR AL R S5 AR DL EL R/
FHZEANK, 1t BTl 0000 - 3 b oA B S5 A O 80 S AR R AR RO R o AR B AR B b FOK R AL [T YA 3
TNEZE, TR 1418 28 K E A AEAL BRI, ORI BEAE IR P ME S & T AN
AN FA B AL RT3 1 RN SRR A %
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Z, R Elim, BRI RS . 500 BEICRWCRAAEL, R T AZEREAL R R
o AL, N HULRESE TR TR [RIR
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s, ar W, PEEAL T e R A Rk, B EISCR R, R s R AN T TR A R .

3B AR B I mTE E AR F AR R B ) R, A AT 1513, LA O S A AL T DU SR IS
WA W R MR R, BIEYIR B EAAE— EBIE, HR/NS LSRR AR R B ARG
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REEISCR IR, SRS Em T 120 mekg i, BEACEIMCREEK. AR F 388 b R IA B i
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Jiti A HLAE BE B B3 s Ve P i
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(2016CYJS05A01-3).

SEEk (References)

(1]

Wt PEIEREM]. dbal B HRE, 2008.

[2] fEFHFW, KA, KEE, 5. KYAFEEE T E 68 R 0 BRRIED]. mYE 750 %®, 2015, 21(6):
1514-1520.

(31 WAL R B3R 5p 4r X5 BE 7 AR BOR B FE[D): (A2 A0i 3], dbst: B RE R, 2012,

(4] BRE, AU, TR, 3 R IR AN P i K R S B B, 52 3B AR, 2006, 26(5):
101-105.

[5] HFHF, R, B TR Z R E 7], 3R, 2003(2): 19-20.

[6] Takahashi, S. and Anwar, M.R. (2007) Wheat Grain Yield, Phosphorus Uptake and Soil Phosphorus Fraction after 23
Years of Annual Fertilizer Application to an Andosol. Field Crops Research, 101, 160-171.
https://doi.org/10.1016/j.fcr.2006.11.003

[7] TkiE, BRESC XIEF, & REBILR RGP R OR KR R R[], A0k, 2007, 2007(2): 50-52.

[8] bk, AR, JFEMNGE, . ANFEB GRS E R ENE. BRI SRR ]. TRk R, 2012,
25(1): 198-202.

[91 e, #RBARG, ko032, 2. KIAREXRIE 6 AR /N BEIEECR R M), PS5 5 R 243, 2009,
15(3): 584-592.

[10] #hBEYE, 255, £HH, & AEBERRAMHT A SR E 8 LIRS EZmI] Lor R RS, 2013,
41(3): 76-78.

[11] 8+ H. BFERMHIM]. 28 3 . dbat: S ESR R, 2000.

[12] HE TSl RS, RO T A M), b BF22 R, 1984.

[13] i, Bt AR T ) e 20 A P - 338 2 5 VR P o B 8% TR KR [D]: [ 2241850, bt H BRI R
B, 2009.

[14] FEEGEE. KIARMADKT B3 L 40NE . TR ERMBERF AR R[], Bl R R+, 2015(8): 48-53.

[15] HF3R, T3R. —GEERDGN ROEE AL 5 4 S R 1 LU [J]. PEBHARV R 2244, 2007, 38(6): 771-775.

[16] ZEEIL, M, T4, 25 KEIHACXT 2088 pH. (EW & A A B AR RUIR RS2 [)]. AEYE 755 Ak 2
#%, 2011, 17(1): 71-78.

L 1
Hans Xt
PR 2R BT 2

1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THARMELSE: [ISSN], HIAMATI ISSN: 2164-5507, Rw] )
2. FTHEIME T http://cnki.net/
Ao« EBRSCERA R HEN, A SCERRRE, BIRE

Behain

fiih: http:/www.hanspub.org/Submission.aspx

HHTI EEIKPFQ. hjas@hanspub.org

DOI: 10.12677/hjas.2017.76056 442 b k=


https://doi.org/10.12677/hjas.2017.76056
https://doi.org/10.1016/j.fcr.2006.11.003
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:hjas@hanspub.org

	Effect of Long-Term Located Fertilization on Evolution of Phosphorus Recovery Efficiency and P Uptake of Different Crops in Shandong Fluvo-Aquic Soils
	Abstract
	Keywords
	长期定位施肥对山东潮土磷肥回收率演变及不同作物磷素吸收的影响
	摘  要
	关键词
	1. 引言
	2. 材料与方法
	2.1. 试验地概况
	2.2. 实验设计
	2.3. 样品采集和处理
	2.4. 测定项目和方法
	2.5. 数据处理分析

	3. 结果与分析
	3.1. 磷肥回收率的演变趋势
	3.2. 磷肥回收率对土壤有效磷的响应关系
	3.3. 不同施肥模式下小麦玉米吸磷特征

	4. 讨论
	4.1. 磷肥回收率的演变分析
	4.2. 磷肥回收率与土壤有效磷的响应关系
	4.3. 不同施肥模式下小麦玉米吸磷量分析

	5. 结论
	基金项目
	参考文献 (References)

